This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http  :  //books  .  google  .  com/| 


Knight's  American 
mechanical  dictionary 

Edward  Henry  Knight 


Digitized  by 


Google 


Digitized  by 


Google 


n' 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


8USFEN] 
Plate  I.  betweew  brook l' 


Digitized  by 


Google 


SION  BRIDGE. 

.sn  ktS7>  VBw  YORK  CITY.  See  Suspension  Bridge, 


Digitized  by 


Google 


SUSPEND 

PlaTI  I.  BRTWCTTN  BROORL' 


Digitized  by 


Google 


(ON  BRIDQE. 

s  AWD  K«w  YORK  CITY.  See  SutptmUm  Bridge. 


Digitized  by 


Google 


Digitized  by 


Google 


KNIGHTS 


AMERICAN 

MECHANICAL  DICTIONARY: 


BEING  A 


DESCRIPTION  OF  TOOLS,  INSTRUMENTS,   MACHINES,  PROCESSES,  AND 

ENGINEERING;    HISTORY  OF  INVENTIONS;   GENERAL 

TECHNOLOGICAL  VOCABULARY; 


AND 


i^est  of  Per^amol  ^pliantts  in  Smtt  anb  %  ^rts. 


EDWARD    H.   gNIGHT, 

CIVIL  AND  MECHANICAL  ENOINEEB,   ETC. 

WITH  UPWARDS  OF  FIVE  THOUSAND  ENGRAVINGS. 


"  Thus  Time  brings  all  things,  one  by  one,  to  sight, 
And  Skill  evolves  them  into  perfect  light" 

LuoBETius,  Book  V. 


imK 


'w 


NEW  YORK: 
J.   B.   FORD   AND   COMPANY. 

1874. 


Digitized  by 


Google 


T 


;^Of   .    /  7  -  /  7  2    > 


(oil 


4  <^>  ^^ryf* 


Entered  according  to  Act  of  Ck)ngress,  in  the  year*  1872, 

BY    J.    B.    FORD    AND    COkPANT, 

in  the  Office  of  the  Librarian  of  Congress,  at  Washington. 


^ 


^^<i^,  )^.  aI^, 


Digitized  by 


Google 


PREFACE. 


More  than  twenty  years  ago  the  author  commenced  collecting  memoranda  of 
mechanical  and  scientific  information  with  a  view  to  forming  a  systematic  digest, 
but  without  any  well-defined  prospect  of  its  publication.  Somewhat  over  four 
years  ago  he  was  requested  by  the  present  publishers  to  undertake  tlie  work 
which  is  now  put  iprth,  and  since  then  hsis  devoted  to  it  the  principal  part  of  his 
time.  While  engaged  in  this  duty,  much  encouragement  has  been  afforded  by 
repeated  assurances  that  there  was  great  need  of  such  a  work,  and  by  ready  and 
valuable  assistance  from  personal  friends  of  the  author,  experts  in  various  depart- 
ments of  science  and  industry. 

After  carefully  considering  the  mode  of  presentation,  it  was  thought  best  to 
adopt  the  form  of  a  Dictionary,  —  a  "  word-book,"  which  describes  things  in  the  al- 
phabetical order  of  their  names,  —  and  not  that  of  an  Ejicydopoedia,  which  considers 
them  in  the  order  of  their  scientific  relation.  A  Dictionary  answers  directly  the 
questions  propounded ;  an  Eiicyclopcedia  is  a  collection  of  treatises. 

The  aim  has  been  to  place  the  information  in  the  most  systematic  order,  so  that 
any  specific  point  of  detail  may  be  readily  reached  when  required.  A  book  or  a 
mind,  though  a  closely  packed  repository,  unless  order  has  supplemented  industry, 
is  unavailable  in  an  emergency,  reminding  one  of  "  the  fool  i*  the  forest " :  — 

*' And  in  his  brain  — 
Which  is  as  dry  as  the  remainder  biscuit 
After  a  voyage  —  he  hath  strange  places  crammed 
With  observation,  the  which  he  vents 
In  mangled  forms." 

As  to  the  general  scope  of  the  book  and  the  method  pursued  in  its  preparation, 
it  must,  in  the  main,  speak  for  itself.  While  the  greater  portion  of  the  work  is 
occupied,  of  course,  by  details  of  solid  import,  there  is  some  little  romance  and  a 
great  deal  of  interest  in  the  study  of  the  History  of  Inventions.  Without  deviating 
into  irrelevancy,  the  author  has  sometimes  become 

"  A  snapper-up  of  unconsidered  trifles," 

worthy  of  a  more  careful  estimate. 

"  First  the  blade,  then  the  ear,  then  the  full  corn  in  the  ear,"  is  the  natural  order 
in  invention,  as  well  as  in  other  departments  of  mind  and  in  the  Kingdom  of  Grace. 
When  we  read  Pliny's  account  of  the  reaping-machines  in  the  plains  of  Ehoetia, 
about  A.  D.  70,  we  wonder  that,  the  idea  once  blocked  out,  the  macliine  should  after- 
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wards  relapse  into  utter  oblivion.  It  was  the  time  that  was  "  out  of  joint."  At  the 
latter  end  of  the  last  century  and  the  early  portion  of  the  present,  attention  was  again 
directed  to  the  reaper,  and  the  machine  described  by  Pliny,  and  by  Palladius  three 
centuries  later,  was  reinvented  exactly :  it  yet  survives  in  our  clover-header.  This 
instance  is  by  no  means  singular.  One  favorite  form  of  rotary  steam-engine,  upon 
which  treatises  have  been  written  within  two  years  past,  is  but  a  reproduction  of 
the  seolipile  of  Hero,  which  revolved  in  the  Serapeum  of  Alexandria  in  the  second 
century  B.  C.  Many  similar  examples  might  be  cited,  but  this  duty  belongs  to  the 
body  of  the  book,  and  not  to  the  Preface. 

In  the  adaptation  of  machinery  to  common  use,  our  country  excels  all  others : 
for  instances,  the  reaper  and  the  sewing-machine.  These  became  useful  instru- 
ments in  American  hands,  not  merely  by  facility  of  adaptation,  but,  most  distinctly, 
by  the  invention  of  those  all-important  points  which  constituted  success.  A  rea- 
sonable share  of  space  in  this  work,  therefore,  has  been  devoted  to  the  feature  of 
Mechanical  Evolution  ;  the  aim  being  to  give  not  only  the  present  state  of  the  respec- 
tive arts,  but  also  the  various  stages  by  which  the  relatively  perfect  appliances  at- 
tained their  development. 

Sviyject-matter  Indexes  are  introduced  in  their  alphabetical  order  throughout  the 
body  of  the  work,  and  a  list  of  the  principal  ones  follows  this  Preface.  These  will 
afford  means  for  ascertaining  the  names  of  the  technical  implements  of  the  respec- 
tive Arts,  Manufactures,  and  Trades,  and  also  serve  as  cross-indexes  for  the  terms  so 
cited.  The  subjects  indicated  are  necessarily  considered  in  their  alphabetical  order ; 
for  instance,  the  five  hundred  "Agricultural  Implements"  are  not  treated  in  a 
single  article, —  as  they  would  be  in  an  Encyclopaedia,  —  but  each  in  its  own  place 
under  its  own  name.  Their  assemblage,  however,  in  a  single  list,  or  index,  is  con- 
venient for  many  purposes,  and  it  is  estimated  that  over  twenty  thousand  technical 
words  have  been  thus  gathered  in  groups. 

Every  useful  machine  is  an  illustration  of  the  laws  which  the  Creator  has  im- 
pressed upon  matter.  There  is  a  touch  of  sublimity  in  the  thought  that  while  so 
much  around  us  is  mundane  and  fleeting,  there  are  some  things  in  which  we  are 
allied  to  the  intelligences  of  other  worlds.  Mechanics  is  a  science  and  an  art,  and 
Mathematics  affords  the  statement  of  its  lawa.  Whatever  may  be  the  terms  and 
conditions  of  other  existences,  and  in  whatever  mode  their  experiences  and  attain- 
ments may  find  expression,  it  is  certain  that  we  have  a  mutual  interest  in  these 
allied  sciences.  As  every  thread  of  knowledge  is  a  filament  of  the  great  central 
cluster  and  will  lead  thereto  if  rightly  followed,  so  may  each  study  form  a  clue 
which  will  lead  us  towards  the  Source  whence  emanates  all  that  is  worth  knowing. 

With  these  convictions,  the  author  cannot  be  otherwise  than  profoundly  im- 
pressed with  the  majesty  of  his  subject  and  his  own  insufficiency,  but  the  philoso- 
pher will  consider  leniently  this  attempt  to  summarize  the  mechanical  appliances 
which  have  been  developed  by  the  experiences  of  at  least  forty  centuries. 

EDWARD  H.   KNIGHT. 

Washington,  D.  C,  December  15,  1873. 
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KNIGHT'S   MECHANICAL   DICTIONARY. 


A. 


Ab'a-cis^oos.  A  small  square  stone  or  tessera  for 
a  tesselated  pavement. 

Ab'a-oos.  An  instmment  used  from  time  im- 
memorial in  performing  the  operations  of  addition 
and  subtraction. 

A  smooth  board  with  a  marginal  ledge  formed  the 
writing  and  calculating  table  of  the  Greek  school- 
boys and  accountants.  For  writing,  it  was  strewn 
with  sand,  upon  which  marks  were  made  with  a 
stylus ;  thus  mey  learned  to  write,  and  on  this  they 
executed  ^metrical  figures.  The  primary  use  of 
the  board  is  indicated  by  its  name,  which  is  derived 
from  the  first  three  letters  of  the  Greek  alphabet, 
A  B  r.  It  was  called  an  abcuc,  and  retains  the  name, 
but  slightly  modified. 

The  abax  strewed  with  sand  is  tliepiUvis  eruditus, 
or  the  Mejiaa  Pythagorea  of  classic  authors. 

For  arithmetical  calculation,  the  same  board  was 
used  without  the  sand,  to  contain  the  counters,  which 
were  arranged  thereon  in  parallel  rows,  representing 
respectively  units,  tens,  nundreds,  thousands,  etc. 
Solon  (about  600  B.  C.)  refers  to  the  arbitrary  de- 
nominations of  the  several  lines,  in  a  metaphor  which 
compares  the  different  grades  of  society  to  the  differ- 
ent values  of  the  counters  in  the  several  rows. 

The  counters  were  pebbles,  beans,  or  coins,  espe- 
cially the  former.  The  Greek  word  for  the  counters 
of  the  aba4ms  was  derived  from  a  word  si^ifying  a 
pebble.  Pytha^ras,  the  great  arithmetician,  hated 
beans,  —  an  antipathy  he  derived  from  the  E^ptian 
priests,  his  instructors.  About  the  same  timeDaniel 
was  eating  pulse  in  Babylon  without  grumbling, 
and  Horatius  was  hewing  down  the  bridge  of  the 
Janiciilum. 

The  Roman  word  caZculus,  from  which  we  derive 
our  word  calciUate,  was  the  diminutive  of  calx,  a 
stone,  and  referred  to  the  pebbles  which  formed  the 
counters  of  the  abacus. 

Sometimes  the  counters  were  shifted  to  the  right 
in  counting,  sometimes  to  the  left.  It  is  stated  that 
the  Greek  and  Roman  practices  differed  in  this  re- 
spect. Several  varieties  of  instruments  are  repre- 
sented on  the  ancient  monuments. 

The  step  was  easy  from  a  flat  board  with  shifting 
counters  arranged  in  rows,  to  a  board  with  grooves 
in  which  the  pebbles  were  rolled.  Afterwards  we 
find  pellets  strung  upon  wires,  and  thus  the  Chinese 
have  used  it  for  ages.  • 

The  illustration  shows  the  last-mentioned  form  of 
the  device,  arranged  for  decimal  counting.  The 
number  indicated  by  the  beads  on  the  right  hand  of 
the  frame  is  198,764,  and  it  will  be  seen  that  by 
transposing  the  beads  to  one  side  or  the  other,  as 
required,  either  addition  or  subtraction  may  be  read- 


Abacus, 


ily  performed.     A  person  accustomed  to  the  instru- 
ment will   perform  _.    - 
these  operations  with  ^'    *  - 
great    rapidity  and^ 
accuracy.    The  Chi- 
nese term  the  instru- 
ment a  stoan-moan, 
and  are  very  dexter- 
ous in  its  use. 

The  original  of  the 
Chinese  abacus  has 
been  supposed  to  be 
the  "knotted cord," 
used  in  China  for 
keeping  accounts  be- 
fore the  invenrion  of 
writing.  The  knots 
are  miSe  movable  by 
substituting  sliding 
beads.  Hence  like 
wise  seems  to  have 
been  derived  the  mode  of  keeping  the  Chinese 
TuTig-tien,  or  perforated  coins,  which  are  strung 
upon  a  cord. 

One  form  of  the  Chinese  abacus  has  two  compart- 
ments, five  beads  in  one  and  two  in  the  other  ;  the 
former  have  the  value  of  one  each,  the  latter  five 
each.  The  wires  are  nine  in  number,  and  each  runs 
through  the  two  compartpaents. 

The  Romans,  contrary  to  the  customs  of  the  Phoe- 
nicians and  Greeks,  from  whom  they  received  their 
alphabet,  expressed  their  numbers  1,  2,  3,  not  by 
the  first  letters  of  the  alphabet,  but  by  strokes, 

I      II      III; 

ill  this  respect  unconsciously  copying  the  Chinese 
numerals  of  the  same  value. 


The  difference  in  the  direction  of  the  figures  gives 
the  numerals  in  each  the  same  position  across  the 
column;  for  the  Roman  writing  is  in  horizontal 
column,  the  Chinese  verHcal. 

The  resemblance  between  the  Chinese  and  Roman 
numerals  extends  much  further  than  the  above,  and 
shows  a  common  origin. 

Perhaps  it  may  be  accounted  for  by  the  studies  of 
IMhagoras  in  India,  and  the  subseouent  instruction 
of  Numa  in  the  school  founded  by  the  sage  of  Samos 
in  Crotona,  a  city  of  Magna  Grescia.     (Plutarch.) 
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ABACUS. 


Hindoo 
(eomman^  known  as  "Anbic"). 

10 
11 
12 

18 


X 
XI 
XII 

XIII 


GhineM. 

± 
± 

± 


20  XX 

80  XXX 

The  resemblance  cannot  be  accidentaL  Pythagoras 
and  Kung-fu-tze  (Confucius)  were  contemporaries. 

Another  mode  among  the  Chinese  of  expressing 
20,  30,  etc.  was  by  placing  2,  3,  etc.  before  the  sicn 
of  ten  ;  so  that  they  in  some  degree  anticipated  the 
Hindoo,  where  a  numeral  before  the  zero  expressed 
so  many  tens,  e.  g. 

ChlnMe.  Ana>io. 

I     . 

The  great  advance  in  the  Hindoo  over  the  other 
systems  of  notation  was  in  giving  a  place  valtie  to 
figures.  In  Sanscrit,  the  initial  letters  of  the  San- 
scrit names  of  the  Indian  numerals  are  employed  from 
1  to  9.  The  original  zero  was  a  dot.  The  Greek 
letter  omicron  (o)  was  afterwards  substituted,  and 
forms  our  naught.  It  is  amusing  to  see  the  com- 
bination of  Hmdoo  and  Roman  figures  during  the 
fourteenth  and  fifteenth  centuries,  such  as 
(Written.)  (To  be  read.) 

x3  13 

x4  14 

40 1  41,  etc. 

Showing  that  the  force  of  the  zero  and  the  value 
from  position  were  bot  understood  at  first,  even  when 
the  new  characters  had  become  customarv. 

The  decimal  and  duodecimal  systems  of  arithmetic 
were  in  use  in  Egypt  at  the  earliest  period  of  its 
known  history.  For  the  respective  systems  the 
numbers  of  counters  in  the  rows  would  vaiy,  each  line 
representing  a  multiple  by  10  or  12  of  the  line  below 
it.  There  is  no  representation  of  the  abacus  for  count- 
ing on  the  B^nrptian  monuments.  "  The  Assyrians 
counted  by  60  s  as  well  as  by  lOO's." — Rawlinaon. 

The  instrument  was  probably  invented  by  the  Chi- 
nese, and  passed  thence  westwardly  through  India 
and  Arabia  to  Europe.  The  evidences  of  ancient 
trade  on  this  line  are  found  at  both  ends  and  at  in- 
termediate points.  The  glass  bottles  with  Chinese 
inscriptions,  found  with  the  Egyptian  mummies, 
prove  the  existence  of  trade  relations  between  those 
nations  before  the  founding  of  Athens,  and  also  dis- 
sipate the  myth  of  Pliny  as  to  the  discovery  of  glass 
by  certain  mariners  of  Phoenicia,  a  few  centuries 
previous  to  the  time  at  which  he  made  his  curious 
collection  of  vagabond  information. 

Over  this  famous  route  travelled  the  mariner's 
compass,  gunpowder,  the  art  of  glazing  pottery,  of 
making  paper  of  pulp,  and  much  else  that  we  value. 
Felting  of  animal  fiber  was  also  derived  from  Asia,  but 
probably  entered  Europe  by  a  more  northern  route. 

The  Greek  and  Roman  nuiufration  was  decimal, 
but  their  system  of  notation  was  very  unfortunate, 
as  any  one  may  ascertain  by  trying  a  sum  in  multi- 
plication : 

CCXLVllI 
XLV 


The  Oriental  system  of  notation  was  introduced  by 
the  Arabs,  and  was  credited  to  them,  but  they  more 
properly  term  them  Indian  numerals,  referring  to 
their  derivation  from  the  Hindoos.     Thi3  system  of 


notation  passed  with  the  Saracens  along  the  north- 
em  coast  of  Africa,  and  was  carried  by  them  into* 
Spain.  The  caliphate  of  Cordova  was  established 
by  Abderahman,  A.  D.  755,  and  the  university  at  ' 
that  place  was  founded  A.  D.  968.  At  this  dis- 
tinguished seat  of  learning  was  educated  the  famou» 
Gcrbert  of  Auvergne.  This  enlightened  ecclesiastic 
was  successively  a  schoolmaster  at  Rheims  (where- 
he  introduced  the  abacus,  the  Arabic  numerals,  the 
clock,  the  oigan,  and  the  globe),  archbishop  of  Ra- 
venna, and,  eventually,  Pope  Sylvester  II.,  to  which 
position  he  was  elevated  by  the  decree  of  the  Em- 
peror Otho  III.  Patron  and  prelate  died  of  poison 
shortlv  after,  about  A.  D.  1002. 

Gerbert  was  probably  the  first  to  use  in  a  CHiris- 
tian  school  the  nine  digits  and  a  cipher,  which 
proved,  as  William  of  Malmesbury  said,  "a  great 
blessing  to  the  sweating  calculators." 

A  translation  of  Ptolemy,  published  in  Spain  in 
1136,  used  the  Hindoo  notation.  The  Hindoo  nu- 
merals were  introduced  into  England  about  A.  D. 
1253. 

The  accounts  of  the  kings  of  England,  previous  to 
the  Norman  Conquest  —  and  the  same  is  probably 
true  of  most  contemporary  European  nations  —  were 
calculated  by  rows  of  coin  disponed  as  in  the  abacus, 
that  is,  placed  in  parallel  rows  which  represented 
gradually  increasing  denominations  in  the  ascending 
series.  At  the  Conouest  an  amplification  of  the 
same  idea  was  introauced,  the  calculations  being 
performed  by  the  teller^  at  a  laige  table  called  a  mc-- 
carium.  This  had  a  ledge  around  it,  and  was  cov- 
ered by  a  black  cloth  ruled  with  chequer  lines. 
Hence  the  woi-d  Exchequer,  as  applied  to  English 
national  finances. 

In  the  twelfth  century,  this  table  was  five  by  ten 
feet,  and  its  cloth  cover  was  divided  by  vertical  and 
horizontal  lines.  The  horizontal  bars  represented 
pence,  shillii^  pounds,  tens,  hundreds,  tnousands 
of  pounds.  Coins  were  used  for  counters  ;  the  first 
and  lowest  bar  advanced,  by  dozens,  the  number  of 
pence  in  the  shilling ;  the  second,  by  scores,  the  num- 
ber of  shillings  in  the  pound  ;  the  higher  denomina- 
tions by  tens.  This  was  a  true  abacus,  and  was  used 
down  to  a  comparatively  recent  period. 

The  accounts  of  merchants  were  kept  in  Romaui 
numerals  till  the  close  of  the  sixteenth  century, 
and  the  use  of  the  abacus  was  maintained  to  a. 
much  later  date.  Until  1600  its  use  was  a  branch 
of  popular  education. 

Offices  for  changing  money  came  to  be  indicated 
by  a  checker-board,  and  the  sign  was  afterwards 
appropriated  by  the  keepers  of  inns  and  hostelries. 
This  shows  that  people  met  at  such  places  to  settle 
accounts,  a  frienoly  drink  being  a  tnbute  to  **min& 
host."  The  Jerusalem  and  Lloyd's  coffee-houses  are 
noted  in  the  history  of  trading  companies ;  the  lat- 
ter especially.  The  checker-board  on  the  doorpost 
of  the  tavern  is  about  the  last  phase  of  the  abcMis, 
in  Europe  at  least. 

The  cneckers  on  the  posts  of  an  inn  door  are  to  be- 
seen  upon  a  house  in  disentombed  Pompeii. 

The  tally  system  was  also  introduced  into  Elngland 
at  the  Norman  Ck>nquest.  This  was  not  for  calcu- 
lating, but  for  keeping  accounts.  The  name  of  the 
device  came  with  it  across  the  Channel,  being  de- 
rived from  the  French  tailler,  to  cut,  the  tally-sticks^ 
being  cut  and  notched  with  a  knife.  A  squared 
stick  of  hazel  or  alder  was  prepaixjd,  and  the  money 
account  was  notched  on  the  edpe,  small  notches 
representing  pence ;  laiger,  shillings ;  still  laiger, 
lK>unds.  The  stick  was  then  s])lit  longitudinally,  80> 
as  to  leave  notch-marks  on  each  portion  ;  one  part 
was  laid  away  in  the  exchequer  strong  room,   the 
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ABAKA. 


ABRADANT. 


other  was  given  to  the  creditor  of  the  government. 
When  the  person  came  for  payment,  his  portion  of 
the  stick  was  laid  against  that  in  possession  of  the 
exchequer,  and  if  they  tallied  the  claim  was  admit- 
ted, perhaps  paid. 

This  system  survived  the  introduction  of  Arabic 
numerals  into  England  about  670  years.  In  1826 
the  time  came  for  the  venerable  system  to  abdicate 
in  favor  of  the  other  Oriental  method  which  had 
been  asserting  itself  for  so  long.  The  pile  of  sticks, 
in  companies,  regiments,  and  origades,  that  had  by 
this  time  accummated  was  something  terrific.  The 
question  was.  How  to  get  rid  of  them  ?  Prescriptive 
custom  would  prevent  their  being  issued  to  the 
poor,  or  sold  to  oake  the  bread  of  the  people,  as  the 
Alexandrian  library  heated  the  baths  of  that  impe- 
rial city  ;  so  one  fine  day  in  1834  they  were  to  be 
privately  burnt.  A  stove  in  the  House  of  Lords  was 
selected  as  a  proper  place  for  the  incremation  of 
another  relic  of  the  past ;  the  wainscoting  of  the 
chamber  protested  by  catching  fire,  the  House  of 
Lords  set  fire  to  the  House  of  Commons,  and  both 
were  burnt  to  the  ^und,  — a  grand  funeral-pile. 

The  bakers  insisted  for  some  years  in  keeping 
tally-stick  record  of  loaves  purchased  by  their  cus- 
tomers ;  some  of  us  recollect  it. 


The  oldest  surviving  treatises  on  -  mathematics 
are  by  the  famous  Alexandrians,  Euclid,  about 
B.  C.  300  ;  Ptolemy,  A.  D.  130 ;  and  Diophantus, 
A.  D.  156. 

Decimal  fractions  were  invented  1482. 

The  first  work  on  arithmetic  published  in  England 
was  by  TonstaU,  Bishop  of  London,  1522.  The  Ital- 
ians had  been  in  that  neld  many  years  before. 

{Architecture,)  The  crown  member  of  the  capital 
of  a  column. 

Ab'a-ka.  A  fiber  from  which  Manilla-rope  is  made. 
Ropes  and  cables  of  this  material  float  in  sea-water. 

Aiya-mu'ruB.  A  buttress  or  second  wall,  built 
to  strengthen  another. 

Ab'ap-t^s'ton.     (Surgical. )     A  trepan  saw. 

Ab'at-jour'.  (Building.)  A  skylight,  or  aperture 
for  the  admission  of  light. 

Ab'at-voiz^  A  sounding-board  over  a  pulpit  or 
rostnim. 

Ab'at-tiB.  (Fortification.)  An  obstacle  employed 
in  military  operations  for  delaying  the  approach  of 
an  enemy  and  keeping  him  under  fire  as  long  as 
possible.  It  is  formed  of  trees  or  lai*ge  lu&ba  havini^ 
the  branches  under  two  inches  in  diameter  chopp^ 
off,  the  larger  ones  being  sharpened  and  interlaced, 
and  pointed  toward  the  enemy.      The  butt  ends 


Fig.  2. 


Abattis. 


are  secured  by  pickets,  and  may  be  partially  em- 
bedded in  the  earth  to  prevent  them  from  being 
readily  remov^. 

Abattis  are  usually  placed  in  front  of  the  ditch 
in  field  fortifications,  but  they  may  be  placed  in  the 
ditch  against  the  counterscarp  ;  in  the  former  case 
they  should  be  protected  from  the  enemy's  fire  by  a 
small  glacis. 

In  a  wooded  countjy  an  abattis  is  readily  formed 
by  felling  the  trees  in  such  a  way  that  their  branches 
shall  interlace,  leaving  the  trunk  connected  to  the 
stump  by  a  portion  not  cut  ;  the  stump  should  be 
high  enough  to  protect  a  man  behind  it. 

A  small  parapet  formed  of  logs  and  backed  by 
eailh  may  be  thrown  up  in  the  rear  of  the  abattis, 
which  thus  constitutes  a  very  efficient  and  available 
means  of  defence. 

The  abattis  is  referred  to  by  Herodotus,  Thucyd- 
ides,  and  Xenophon,  and  was  a  common  military,  de- 
fence derived  from  savage  life.  An  abattis  of  thorny 
shrubs  or  limbs  is  the  usual  defence  of  an  African 
Kraal  against  predatory  beasts. 

Abb.     (Weaving.)    Yam  for  the  warp. 

Ab-dom'i-nal  Sup-port'er.  A  bandage  for  the 
compression  of  the  relaxed  abdominal  walls,  intended 
to  assist  the  muscles  in  holding  the  viscera  in  place. 
The  simplest  are  made  of  elastic  rubber  covei-ed  with 
silk  or  cotton  ;  thev  encircle  the  body  from  the  navel 
to  the  pubes.  Others  are  made  of  two  steel  springs 
passing  over  the  crests  of  the  pelvic  bones,  with  a 


small  pad  resting  on  either  side  of  the  spine,  and  a 
large  frontal  one ;  their  posi- 
tion and  action  being  simi-  Fig  8^ 
lar  to  that  of  a  person  hold- 
ing his  abdomen  with  both 
hands.  They  are  of  various 
patterns  and  designs  ;  are  used 
in  cases  of  obesity,  before  and 
after  parturition,  and  sometimes 
in  cases  of  umbilical  hernia. 

Moody's    Supporter,     1864, 
has  a  corset  A,  with  lacings  c  djl 
and  air-bag  B  secured  by  elastic  | 
plates  h  to  the  stays.     The  pad 
acts  as  an  elastic  truss. 

There  are  various  forms,  pat-     Abdominal  Supporter. 
ented  and  otherwise. 

A-bee'.  (FabHc.)  A  woven  stuff  of  wool  and 
cotton  made  in  Aleppo. 

A-beam'.  Opposite  the  center  of  the  ship's  side  ; 
as,  "  the  wind  is  abeam." 

Ab'e-run'ca-tor.    A  weeding-machine. 

A-bout'Hiledge.  The  lai^gest  hammer  used  bv 
blacksmiths  ;  wielded  by  the  helper,  turn-about  witn 
the  smaller  hammer  of  the  blacksmith  himself. 

A-bra'dant  A  material,  generally  in  powder, 
for  grinding.  The  term  includes  emery,  sand,  glass, 
and  many  other  materials.  Laps,  glazers,  rifles,  pa- 
per, etc.  are  armed  with  abradants.  See  Emery  ; 
and  Grinding  and  Polishing  Materials. 
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ACCELERATOR. 


A-breu-voir'.  (Architecture.)  The  mortar-joint 
or  interstice  between  two  voassoirs  of  an  arch  or  the 
stones  of  a  wall. 

AHbrid.  A  brushing-plate  aroand  a  hole  in  which 
a  pintle  works. 

Ab-sorblng-welL  A  well  or  shaft,  duff,  bored, 
or  driven  through  a  retentive  stratom  to  aUow  sur- 
face or  spring  water  to  pass  to  a  porous  stratum  be- 
low the  former,  so  as  to  form  an  outlet  for  drainage. 

Such  wells  are  made  at  discretion  in  England,  but 
in  France  are  regarded  with  jealousy,  and  their  use 
is  only  permitted  after  an  examination  and  report  by 
experts  as  to  their  possible  effect  upon  watercourses, 
drainai^  or  irrigation  of  other  properties,  etc. 

In  the  United  States  they  are  but  little  used,  and 
are  not  under  public  regulation. 

Absorbing-wells  are  known  as  dead  toells  in  the 
South  of  England ;  they  are  made  in  the  gravel, 
the  upper  portion  being  close-steened  work  and  the 
lower  open-steened  work.     The  bottom  is  tm- 
paved,  to  allow  the  water  to  infiltrate. 

A-but{ting-jolnt  {Carpentry.)  A  joint  in 
which  the  fibers  of  one  piece  are  perpendicular  to 
those  of  the  oth^r. 

[Afachinery.)  A  joint  in  which  the  pieces  meet 
at  a  right  angle. 

A-but'ment  A  fixed  point  or  surface,  afford- 
ing a  relatively  immovable  object  against  which 
a  body  ahits  or  presses  while  resisting  or  moving 


PiK.  6. 


MowAle  Abutment. 


4.  {Fire-arms.)  The  block  at  the  rear  of  the  barrel 
of  a  fire-arm  (especially  a  breech-loader),  which  re- 
ceives the  rearward  force  of  the  chaise  in  firing. 

It  has  the  function  of  the  breech-pltig  or  breech-pin 
in  the  muzzle-loading  fire-arm. 


Rg.  7. 


in  the  contrary  direction. 
Fig.  4. 


See  Pier  ;  Skewback. 

1.  {Building.) 
A  structure  which 
receives  the  lateral 
thrust  of  an  arch. 
The  abutment  may 
be  a  pier  or  wing 
walls  forming  a  hor- 
izontal arch  ;  or  the 
arch  may  be  con- 
tinued to  a  piled  or 
hewn  foundation, 
which  is  then  the 
abutme7U. 

2.  {Machinery.) 
A  solid  or  station- 
ary surface  against 
which  a  fluid  re- 
acts. 

a.  The  wed^ 
which  lifts  the  pis- 
ton of  one  form  of 
rotary  steam  -  en  - 
cine,  and  which 
forms  a  surface  for 
the  steam  to  react  against  as  it  presses  the  piston 
forward  in  its  circular  ]^th. 

b.  The  wedge  block  m  a  rotary  pump,  where  the 
piston  traverses  an  annular  chamber. 

c.  One  of  the 
ylinder  heads 
f  a  steam-en- 
ine,  receiving 
he  back  press- 
ire  of  the  steam 
rhich  is  made 
ffective  upon 
he  piston.    • 

3.  {Carpen- 
ry.)  Thejunc- 
ion  of  two 
deces  of    tim- 

jer,   where  the 
Filed  Abutfnmi.  ^^^  ^^  ^^^  j^ 

at  a  right  angle  to  that  of  the  other,  or  nearly  so. 


Pier  Abutment. 


Slationetry  Abutment. 

A  similar  term  is  applied  to  the  corresponding  por- 
tion in  breech-loading  cannon. 

In  Fig.  6,  the  a£ut7nent  D  is  movable  upon  an 
axis  so  as  to  expose  the  rear  of  the  bore  for  the  in- 
sertion of  the  cartridge. 

In  Fig.  7,  the  ahUmevt  D  is  stationary,  relatively 
to  the  stock,  and  the  barrel  slips  away  from  the  abut- 
ment to  allow  the  insertion  of  the  cartridge.  The 
variations  in  the  arrangement  are  very  numerous,  and 
the  different  devices  form  the  subjects  of  numerous 
patents  in  the  United  States  and  foreign  countries. 
See  Fire-arm  ;  Breech-loading. 

5.  {Suspension  Bridge.)  The  masonry  or  natural 
rock  in  and  to  which  the  ends  of  a  suspension  cable 
are  anchored. 

Pig  8. 


Stupenti4m  Bridge  Abutment. 

6.  {Hydraulic  Engineering.)  A  dam  is  in  some 
sense  an  abutment,  as  it  sustains  the  lateral  thrust 
of  water.     See  Dam. 

A-but'ment  Arch.    An  end  arch  of  a  bridge. 

A-can'tha-lus ;  A'oan-tha^o-liiB.  An  instru- 
ment for  extracting  thorns  or  splinters  from  a  wound. 

Ac-oerer-a'tor.  1.  A  light  van  used  in  England 
for  conve3ring  mails  between  post-offices  and  raUway- 
stations,  etc. 

2.  A  cannon,  with  several  powder  chambers,  whose 
charges  are  exploded  consecutively,  in  order  to  give 
a  constantly  increasing  rate  of  progression  to  the  pro- 
jectile as  it  passes  along  the  bore. 
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ACCENTED  LETTERS. 


ACCORDEON. 


Ao'oent-ed  Let'ters.  Vowels  having signsabove 
them  (or  below,  in  the  case  of  the  cediUa  "  9  ")  to 
indicate  a  specific  pronunciation  ;  as  :  — 


Acute,  d 

Grave,  k 

Circumflex,        & 


Diffiresis,       a 
Long,  a 

Short,  & 


Ao-olp'i-ter.  (Surgery.)  A  bandage  applied 
over  the  nose  ;  so  called  from  its  likeness  to  the  claw 
of  a  hawk. 

Ao-oom'mo-da'tion  Lad'der.  (NatUical.)  A 
ladder  suspended  at  the  side  of  a  vessel  to  facilitate 
the  passage  to  and  from  the  boats  alongside. 

Side  ladders  and  stem  ladders  hang  from  these 
parts  of  a  ship. 

Ao-oor'de-on.  A /ree-re^  instrument  introduced 
into  England  from  Germany  about  1828.  The  exte- 
rior form  of  this  instrument  is  a  parallelopiped.  The 
action  consists  of  a  bank  of  vibrating  reeds  or  tongues 
which  are  operated  by  the  bellows.  Keys  open  the 
air-ducts  to  the  respective  reeds  as  the  bellows  are 
expanded  and  contracted.  Dampers  are  attached 
to  the  end,  which  is  grasped  by  the  left  huid, 
while  the  other  end  is  furnished  with  keys  by  which 
the  notes  are  sounded  by  the  fingers  of  the  other 
hand. 

The  concertina  is  an  improved  form  of  the  accor- 
deon. 

A  common  form  of  the  accordeon  is  shown  in  the 
engraving,  which  affords  three  views  :  — 

A  general  exterior  view  ; 

A  sectional  view  in  the  plane  of  the  key-board,  and 
exhibiting  the  separate  wind-celU  ; 


AeconU<m, 


A  sectional  view  at  right  angles  to  the  latter,  and 
exhibiting  the  parts  concerned  in  the  course  of  the 
air,  —  damper,  oellows,  ducts,  and  cells. 

a  a  is  a  rectangular  box,  the  lower  portion  of 
which  is  of  air-tight  flexible  material  forming  the  bel- 
lows and  wind-cnest ;  <;  is  a  partition  forming  the 
top  side  of  the  wind-chest,  and  the  lower  surface  of 
the  large  cell  d,  and  the  ten  smaller  cells  e  e.  In  the 
bottom  of  each  cell  are  two  apertures  cut  throu^ 
the  partition  c ;  each  of  these  apertures  is  covered 
on  one  side  by  a  thin  metaUie  plate,  which  has  a 
lonff  rectangular  opening  in  which  a  free  reed  plays 
as  the  air  passes  through  the  opening  when  the  bel- 
lows is  in  action,  and  the  appropriate  key  is  lifted. 
See  Fa££  Reed. 

On  the  side  of  each  aperture,  opposite  to  that  oc- 
cupied by  the  reed,  is  a  flap  or  valve  of  thin  leather, 
cemented  by  an  edge  to  the  partition  c.  The  reeds 
of  each  cell  are  fixed  one  to  the  upper  side  of  the 
partition  and  the  other  to  the  lower  side  ;  the  reed 
above  the  partition  is  sounded  when  the  bellows  is 
extended,  and  that  below  the  partition  when  the 
bellows  is  collapsed  ;  the  flap  of  leather,  in  each  case, 
prevents  the  sounding  of  tne  reed>  when  the  wind 
goes  in  a  direction  contrary  to  that  described. 

The  large  cell  d  has  also  apertures,  which  are 
provided  with  reeds  and  valves  at  the  respective 
ends  of  the  apertures,  as  just  described.  The  plates 
of  these  reeds  have  two  or  three  tongues  of  greater 
size  and  lower  tone,  forming  a  base  which  chords 
with  the  other  notes  by  which  the  air  is  played. 

The  tops  of  the  cells  e  e  d,  or  the  partition  c,  are 
covered  with  buff  leather,  against  which  the  under 
side  of  the  cover  i  i  slides  when  it  is  pushed  into 
closed  position. 

In  the  cover,  over  each  of  the  small  cells,  is  a  hole 
closed  by  a  key  k,  and  over  the  lai^  cell  d  are  two 
holes,  one  at  each  end,  closed  by  the  keys  I  Z,  which 
are  moved  simultaneously  by  the  knob  m.  The 
valve  n,  at  the  bottom  of  the  wind-chest,  forms  a 
damper  by  which  the  bellows  may  be  extended  or 
contracted,  when  required,  without  sounding  a  note. 

Several  notes  may  be  sounded  together,  and,  the 
reed  of  each  small  cell  being  different,  the  compass 
is  equal,  tones  and  semi-tones  being  counted,  to  the 
numoer  of  reeds. 

The  accordeon  differs  from  the  melodeon  more  in 
size  and  the  mode  of  manipulation  than  in  principle. 
The  latter  will  be  considered  by  itself,  but  may  be 
stated  to  be  of  such  size  as  to  constitute  a  piece  of 
standing  furniture,  having  its  keys  in  a  bank,  like  a 
piano,  and  foot  pedals  for  the  generation  of  wind,  by 
which  the  reeds  are  vibrated  as  the  action  of  the 
keys  opens  the  corresponding  valves.  The  same  in- 
strument is  known  in  England  as  the  harmonium, 
and  has  been  known  at  various  times  by  the  names 
of  seraphine,  seolophon,  symphonium,  etc. 

Faas,  June  13,  1854,  combines,  with  the  diatonic 
scale  of  the  large  keys,  two  other  scales,  viz., 
one  for  producing  all  the  intermediate  notes  or 
semi-tones,  and  the  other  founded  upon  the  sub- 
dominant  of  the  diatonic  scale  ;  both  arranged  so  as 
to  be  fringed  by  a  single  set  of  small  keys,  to  enable 
the  performer  to  produce  harmony  in  any  key.  The 
valves  of  the  lower,  or  small,  keys  stop  two  series  of 
apertures  opening  from  the  wind-chest  below.  The 
two  series  of  apertures  are  alternately  opened  and 
closed  by  means  of  a  wind-stop,  with  two  rows  of 
apertures  arranged  in  alternate  order.  These  are 
governed  by  levers  jointed  to  the  wind-stop  and  to 
one  another. 

A  sounding-board  gives  strength  and  resonance  to 
the  tones,  and  allows  space  for  the  described  arrange- 
ment of  the  valves. 
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Faas,  August  12,  1856.  Immediately  beneath 
the  perforated  board  through  whose  openings  the  air 
enters,  is  a  thin  sliding  board  with  corresponding 
apertures.  By  means  oi  a  handle  the  operator  ad- 
justs the  position  of  the  board  so  as  to  vaiy  the 
strength  of  the  tones  by  regulating  the  quantity  of 
air  admitted  to  the  reeds.  Double  keys  close  the 
apertures  of  the  base  reeds,  the  smaller  keys  cover- 
ing holes  through  the  larger  ones,  by  which  arrange- 
ment an  entire  octave  of  base  notes  is  produced. 

Zimmerman,  July  10,  1866,  has  certain  distin- 
guishing keys  between  the  consecutive  octaves, 
which  give  tne  same  tone  in  either  inflating  or  com- 
pressing the  wind -chest. 

Pries,  June  21,  1864.     The  accordeon  is  so  con- 
structed as  to  admit  of  its  being  played  in  any  key, 
Fte.  10.  ^    accompa- 

^  ny  an  orches- 
tra ;  this  is 
accomplished 
by  arranging 
double  key- 
boards, one 
on  each  side 
of  the  instru- 
ment, which 
admit  the  ad- 
ditional num- 
ber of  keys, 
conveniently 
arranged  for 
the  addition- 
al reeds  ne- 
cessary for 
the  purpose. 
The  Keys  in 
the  respec- 
tive banks  of 
each  end  represent  octaves,  and  the  respective  ends 
represent  different  chromatic  scales. 

The  instrument  is  called  by  the  inventor  an 
orchestrony  and  the  banks  of  keys  are  placed  at  an 
angle  with  the  side,  so  as  to  present  the  keys  moro 
conveniently  to  the  fingers  of  the  performer. 

Ao-oouple-ment.  [Carpentry.)  A  timber  tie 
or  brace. 

Ac-oou'ter-mentB.  {Military.)  The  devices  by 
which  a  soldier  carries  his  arms,  ammunition,  etc. 
These  vary  in  the  different  arms  of  the  service, 
according  to  the  exigencies  of  the  case. 

Those  for  infantry  consist  of  a  cartridge-box  and 
plate,  cartridge-box  belt  and  plate,  waist-belt  aild 
plate,  gun-sling,  bayonet-scablmrd,  and  cap-pouch  ; 
to  which,  on  a  march,  are  added  the  knapsack, 
canteen,  and  haversack. 

The  infantry  cartridge  -  box  is  made  of  black 
bridle  -  leather,  with  an  outer  flap  which  turns 
over,  covering  the  top,  and  is  fastened  by  a  short 
strap  to  a  brass  button ;  inside  of  this  is  a  lighter 
leatnem  cover  to  protect  the  ammunition  when,  as 
in  action,  the  outer  flap  is  necessarily  left  unfas- 
tened. A  brass  plate  is  generally  affixed  to  the 
flap,  but  is  not  essential,  being  rather  ornamental 
than  useful.  In  the  interior  of  the  box  are  two 
tins,  each  having  an  upper  and  a  lower  compart- 
ment, the  former  being  oivided  into  two  parts,  one 
containing  six  and  the  other  four  loose  cartridges, 
while  a  bundle  of  ten  is  placed  in  the  lower  com- 
partment, which  IB  open  at  the  side ;  the  box  thus 
contains  forty  cartridges  when  filled.  At  the  side 
is  a  small  pocket,  covered  by  a  flap,  for  containing 
the  implements,  or  "appendages,"  oelonging  to  the 
musket,  as  the  screw-driver  and  cone-wrench,  wiper, 
ball-screw,  spring- vice,  and  tumbler-punch. 
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Two  loops  are  attached  to  the  back  for  the  pas- 
sage of  the  cartridge-box  belt,  which  passes  diag- 
onally across  the  body  in  front  and  rear  from  the 
left  shoulder  to  the  right  side,  where  it  passes 
beneath  the  waist-belt  and  is  secured  to  the  car- 
tridge-box by  two  buckles.  For  ornament  a  round 
brass  plate  (in  the  United  States  service  stamped 
with  an  eagle)  is  attached  to  this  belt  so  as  to  tall 
about  the  centre  of  the*  chest  of  the  wearer.  The 
waist-belt,  as  its  name  imports,  passes  around  the 
waist,  and  carries  the  bayonet-scabbard  and  cap- 
pouch  ;  it  also  serves  to  keep  the  cartridge-box  and 
belt  in  place  close  to  the  bony  ;  it  is  fastened  by  a 
brass  plate  of  oval  shape,  having  two  studs  and  a 
hook,  the  studs  entering  two  holes  in  one  end  of  the 
belt,  which  is  drawn  tight  and  the  hook  inserted  in 
a  hole  at  the  other  end. 

The  bayonet-scabbard  is  made  of  black  bridle- 
leather  ;  it  is  triangular  in  shape,  to  fit  the  bayonet, 
and  has  a  brass  ferrule  at  its  bottom  for  ornament 
and  protection  ;  its  length  is  19^  inches ;  a  leather 
loop,  or  frog,  is  attach^  to  the  upper  part  of  the 
scabbard  for  inserting  the  waist-belt. 

The  cap-pouch  is  also  made  of  black  bridle-leather, 
and  has  a  flap  and  inner  cover,  the  flap  being 
fastened  by  a  brass  button  ;  the  pouch  is  3  inches  in 
length  and  depth,  and  is  lined  with  sheep-skin  with 
the  wool  on,  to  prevent  the  caps  from  being  jarred 
out  and  lost  when  the  flap  is  not  buttoned.  A  cone- 
pick,  of  steel  wire,  bent  so  as  to  form  a  ring  at  one 
end,  is  inserted  in  a  loop  in  one  comer  of  the  cap- 
pouch. 

The  gun-sling  is  of  russet  bag-leather,  1 J  inches 
wide  and  46  inches  long ;  it  has  a  standing  loop 
at  one  end  and  a  brass  hook  at  the  other,  with 
a  sliding  loop  between.  For  use  it  is  passed 
through  the  guard-bow  and  middle-band  swivels  of 
the  musket,  the  hooked  end  passed  through  tho 
loops  and  inserted  in  one  of  a  series  of  holes  punched 
in  the  slin^  ;  the  gun  may  then  be  slung  across  the 
back,  leaving  both  hands  free,  or  it  may  be  sus- 
pended from  any  suitable  object. 

All  belts  in  the  United  States  land  service  are 
black,  and  are  made  either  of  leather  or  of  a  strong 
species  of  felting,  called  6itjf,  probably  because  belts 
were  formerly  imide  of  that  color. 

Until  within  a  very  few  years  a  separate  belt  was 
used  for  suspending  the  bayonet-scabbard,  passing 
over  the  left  shoulder  and  crossing  the  cartridge-box 
belt  diagonally  on  the  breast,  which  was  ornamented 
with  a  plate  at  the  crossing ;  the  intersection  of 
these  two  white  lines,  particularly  when  relieved 
against  the  dark-blue  ground  of  the  uniform,  ren- 
dered the  soldier  as  perfect  a  target  as  a  marks- 
man need  desire,  the  plate  representing  the  "bull's 
eye." 

The  cartridge-box  belt  has  sometimes  been  dis- 
pensed with,  particularly  for  riflemen,  the  whole 
weight  of  the  accouterments,  with,  in  this  case, 
the  addition  of  a  heavy  sword-bayonet  and  scabbard, 
being  borne  by  the  waist-belt,  which  of  course  had 
to  TO  drawn  very  tight,  forcibly  compressing  the 
abdomen,  and  causing  great  and  unnecessary  fatigue 
or  even  permanent  iiyury. 

This  arrangement  was,  we  believe,  generally  con- 
demned by  medical  men,  and  in  fact  by  every  one 
who  thought  on  the  subject ;  but  as  the  weapon 
above  mentioned  was  in  very  limited  use,  toward  the 
close  of  the  war  especially,  the  evil  was  not  so  gen- 
eral as  it  might  have  been. 

The  cartndge-box  for  cavalry  resembles  in  exter- 
nal appearance  that  for  the  infantry,  but  is  smaller, 
and  its  two  loops  are  arranged  so  as  to  pass  the 
saber-belt  thr<vign  them.    Those  used  by  our  troops 
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•during  the  late  war  were  varioosly  arranged  in  the 
interior  to  suit  the  supposed  necessities  of  the  car- 
tridges of  each  particiilar  kind  of  carbine,  as  Bum- 
side  s,  Merrill's,  etc.,  etc.  That  adapted  for  a  paper 
cartridge,  as  Sharp's,  of  which  a  greater  number  was 
issued  than  of  any  other,  appeared  to  answer  very 
well  for  others,  though,  no  doubt,  for  metallic 
•cartridges  a  special  box  is  better. 

The  cavalryman  is  also  provided  with  a  small 
box  or  pouch  for  revolver  cartridges  and  a  cap- 
pouch. 

The  saber-belt,  to  which  all  the  preceding  are 
attached,  consists  of  a  waist-belt,  with  two  brass 
rings  for  the  shoulder-strap  and  saber-slin^^,  and  a 
brass  loop  sewed  at  one  end  to  receive  the  plate, 
which  is  rectangular  and  connects  the  two  ends  of 
the  belt  together.  The  shoulder-strap  passes  from 
a  ring  on  the  left  side  over  the  right  shoulder,  and 
returns,  supporting  the  saber,  which  is  suspended 
by  two  saber-slings  passing  from  the  brass  ring  at 
the  waist-belt  througn  two  iron  rings  on  the  simer- 
^cabbard,  and  buttoned. 

The  accouterments  for  horse  artillery  merely  con- 
sist of  a  pistol  cartridge-pouch  and  a  cap-pouch, 
both  similar  to  those  above  described,  and  a  saber- 
belt  which  differs  from  the  cavalry-belt  only  in  the 
omission  of  the  shoulder-strap. 

A  number  of  patents  have  been  granted  in  the 
United  States  for  improvements  in  the  construction 
of,  and  in  slinging  accouterments.  Since  the  com- 
mencement of  the  late  war  thirty-five  patents  have 
been  granted  in  this  branch  of  inventions.  Atten- 
tion has  been  directed  to  several  points  :  — 

First.  The  ea^e  of  the  soldier  in  carrying  his 
knapsack,  etc.  has  been  attempted  to  be  secured :  1. 
By  making  one  portion  of  his  accouterments  balance 
4inother,  as  in  Mann's,  Mizner's,  and  Wood's;  2. 
By  a  saddle-piece  resting  on  the  hips,  as  in  Dick- 
ey's ;  3.  By  suspension-hooks  on  the  shoulders,  as 
in  Sweeney's;  4.  By  a  frame  reaching  from  the 
shoulders  to  the  buttocks,  as  in  Baxter's ;  5.  By 
modes  of  shifting  the  weight  occasionally  to  vary 
the  point  of  pressure  and  relieve  the  otherwise  con- 
■stant  strain,  as  in  Short's  and  Siis's. 

Secondly.      In  arrange- 
Fig.  U.  ments    for    making    the 

knapsack  do  service  as  a 
shelter,  couch,  or  mat- 
tress. 

Thirdly,  In  devices  for 
the  more  compact  arrange- 
ment of  the  compartments 
of  the  knapsack,  haver- 
sack, or  cartridge-box  to 
1  increase  their  utmty,  read- 

iness for  duty,  and  light- 
ness. 

The  accompanying  cuts 
will  render  it  unnecessary 
to  give  a  lengthened  de- 
scription, and  the  exam- 
§les  are  placed  in  the  or- 
er  stated,  founded  on  the 
similarities  of  purpose  and 
means. 

Mann,  December  8, 
1863.  The  cartridge-box 
is  worn  in  front  of  the 
person,  and  acts  as  a 
counterbalance  to  the  oth- 
er accouterments,  the 
[.weight  of  the  whole  be 
«,.o««,cy».„y,T.y  ^ing  thrown  upon  ♦>^' 
Accouterments.  shoulders. 


the 


Wood,  May  16,  1866.  ««.  12. 

The  devices  refer  to  tl 
means  for  slinging  tl 
gun,  bayonet,  cartridg 
box,  and  canteen  so  as  '■ 
counterpoise  each  oth 
and  the  knapsack.  Tl 
gun  is  hung  to  hooks  c 
the  strap.  A  hook  on  tl 
cartiidge-box  adapts  it  1 
be  attached  to  any  part  ( 
the  equipment.  The  bay 
net  is  also  slung  by  a  hoc 
on  its  scabbard. 

When  the  accoute 
ments  are  shifted  to  tl 
rear,  the  hind  side  of  tl 
belt  is  connected  to  a  rir 
beneath  the  knapsack,  1 
help  sustain  the  belt. 

MiZN£it,  January  li 
1866.  The  haversacl 
which  is  carried  on  tl 
shoulders,  forms  a  coui 
terpoise  for  the  cartridg 
boxes,  which  are  worn  c 
the  front  of  the  belt ;  tl 
upper  portion  of  the  divis- 
ional haversack  is  occupied 
by  boxes,  to  contain  three 
days'  meat,  coffee,  sugar,  and  salt,  in  separate  cases ; 
the  lower  or  bag-like  portion  being  adapted  to  con- 
tain  an  equivalent  quantity  of  bre^.     A  strap  pass- 

ng.  18. 


Woo<rs  Mode  o/sHnging 
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Mizner''8  Cavairy  AceoutermenU. 


Fig.  14. 


ing  along  the  bottom  and  up  one  end  of  the 
cartridge-box  affords  the  means  for  elevating  the 
packages  of  cartridges,  which 
ht  closely  therein,  and  are  diffi- 
cult of  removal  by  the  fin- 
gers. 

Dickey,   March    21,    1865. 
To  relieve  the  soldier  of  the 
backward  pulling  of  the  knap- 
sack it  is  partially  supported^ 
by  a(^'ustable  standards  rising] 
from    a    saddle-piece,    which  I 
rests  upon  the  hips.  ' 

Sweeney,  February  4, 1862. 
The  knapsack  is  so  suspended 
that  an  air  space  mav  inter- 
vene between  it  and  the  back 
of  the  soldier.  The  curved  Diekey^s  Kfumaek 
pads  e  rest  upon  the  shoulder.  Supporter* 
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Sweeney^t  Knapsack. 


Fig.  16. 


Wk-  Ifi-  and  the  bars  JB 

descend    there- 
from to  the  back 
pUite   D.     The 
knapsack  is  se- 
cured by  plates 
to  these  parts, 
md  rigidly  held 
it    a    distance 
^m  the  back. 
Baxter, 
March  17, 1863. 
This     improve- 
_nent  is  intend- 
ed   to    prevent 
the  pressure  of 
the  knapsack  upon  the  small  of  the  back  and  the 
cramping  of  the  movement 
of  the  arms,  and  it  con- 
sists   in    supporting    the 
sack    by  strips  of  wood 
extending  from  the  shoul- 
der to  the  hips ;  also  in 
I  securing  the  chest-straps 
I  so  as  to  leave  the  arms 
'free. 

Short,  January  28, 
1862  ;  December  14, 1862. 
The  mode  of  slinging  the 
knapsack  permits  it  to  be 
loosened  so  as  to  fall  away 
from  the  shoulders  and 
spine  of  the  wearer,  as  a 
means  of  shifting  the 
weight  and  pressure,  and 
allowing  circulation  of  air 

r'tist  the  back  of  the 
permits  it  to  be  raised 

Kg.  17. 


1864.     This  invention  consists  in  the  employment 
of  a  pair  of  suspending  straps  which  pass  over  the 


Baxter^s  Kttaptack  Sing. 


Skorfs  Knapsack. 

or  lowered  in  a  vertical  line  according  to  the  con- 
venience of  the  sol- 


Flg.  18. 


Sms*s  Knapsack. 


dier.  The  neck  and 
\  shoulder  strap  is  con- 
i  I  nected  to  the  upper 
y  part  of  the  knap- 
m  sack  by  intermediate 

straps,  and  the  lower 

Sart  of  the  same  is 
esigned  to  prevent 
lateral  swaying  dur- 
ing quicK  move- 
ments. 

Sirs,      May      17, 


Fig.  20. 


Wtber^s  Knapsack. 

shoulder  in  connection  with  another  shorter  pair 
of  straps  attached  to  the  top  of  the  knapsack  near 
its  center,  and  also  a  pair  of  straps 
attached,  one  to  each  end  of  tbe 
knapsack,  for  the  purpose  of 
varying  the  position  and  shift- 
ing the  weight  of  the  same  when 
desirable. 

Weber,  January  81,  1866. 
The  frame  of  the  knapsack  is 
capable*  of  being  changed  into  a 
couch,  and  the  cover  forms  a 
shelter.  The  central  section  has 
jointed  and  folding  sides. 

Rush,  March  25,  862.  The 
frame  of  the  knapsack  is  made 
of  two  parts,   hinged   together. 


Rushes  Knapsack. 

At  the  thick  end  of  one  part  are  pivoted  two  arms, 
which,  when  thrown  out,  rest  upon  the  edge 
of  the  knapsack,  and  serve  to  hold  the  canvas 
for  forming  a  bed. 

Frodsham  and  Levett,  October  1,  1861. 
This  invention  consists  of  an  india-rubber 
casing  made  water-tight  and  containing  a  bag 
of  finely  cut  cork  or  other  filling,  thus  form- 
ing a  life-preserver.  A  pocket  is  made  in 
the  rubber  casing  to  contain  articles  of  cloth- 
ing, thus  forming  a  knapsack,  which  when 
unrolled  becomes  a  bed,  the  contained  articles 
fonning  a  pillow. 

MizNER,  November  27,  1866.  The' knap- 
sack is  combined  with  a  havei-sack.  The  straps 
that  secure  the  parts  of  the  sack  together, 
when  packed  ana  folded,  are  not  sewed  to  the 
material,  but  are  riveted  to  each  other,  and 
also  to  the  sling-straps.  The  latter  pass 
from  the  knapsack  over  the  shoulders,  be- 
neath the  armpits,  and  unite  behind  the 
back. 

McEvoY,  January  7,  1862.      The  body  is 

Fig.  21. 


Frotfsham  ant/  LettWs  Knapsack. 
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Fig.  22. 


]l£xHer^s  Ktuqmaek, 


McBvoy't  Knaptack. 


made  of  wicker-work,  and  has  partitions  and  doors  ; 
it  is  covered  with  waterproof  material,  and  con- 
tains medicines,  lint,  bandages,  splints,  and  surgical 
instruments.  It  is  design^  to  be  carried  by  the 
suigeon's  orderly  in  an  engagement  or  during  field 
duty. 

Ao-ou'mu-Ia'tor.  An  india-rubber  spring  which 
accumulates  lifting  force^  and  is  applied  to  many 

Tie.  24. 


specific    purposes    on    board    ship,    in    machine- 
shops,  etc. 

An  ap|>aratu8  used  in  working  hydraulic  cranes 
and  other  machines  where  a  steady  and  powerful 
pressure  of  water  is  required.  The  accumulator  is 
intended  as  a  substitute  for  a  natural  head,  as  being 
more  compact.  Sir  William  Armstrong,  in  the  first 
applications  he  made  of  this  principle  to  hydraulic 
cranes,  employed  a  natural  head  of  water  as  the  mo- 
tive agent,  obtaining  the  same  by  pumping  water 
into  tanks  at  an  elevation  of  about  200  feet ;  but 
subsequently  he  has  always  employed  the  accwmulaU 
or,  as  offering  the  advantages  of  greatly  increased 
capacity  for  pressure,  and  aless  pnme  cost  of  erec- 
tion. The  accumulator  is  shown  m  Fig.  24  ;  it  con- 
sists of  the  large  cast-iron  cylinder  a,  ntted  with  the 
plunger  b,  which  works  water-tight  by  means  of  the 
gllind  c,  and  packing.  To  this  plunger  is  attached, 
by  means  of  the  bolts  /,  and  strongcast-iron  cross- 
head  e,  the  loaded  weight-case  d.  Thus  a  pressure 
is  obtained  upon  the  water  in  the  cylinder,  equal 
to  a  column  of  water  1600  feet  high,  or  660  lbs. 
upon  the  square  inch.  As  the  water  is  pumped  into 
the  cylinder  by  the  pumping  endues  through  the 
pipe  h,  the  piston,  with  the  weighted  case,  rises, 
bem^  guided  by  the  strong  wooden  framework  g, 
and  IS  made  to  regulate  the  amount  of  water  pumped 
in,  by  actuating  a  throttle-valve  in  the  steam-pipe 
of  the  pumping  engine,  which  it  closes  after  having 
reachea  a  certain  height.  "When  the  cranes,  etc. 
are  in  operation,  the  water  passes  from  this  cylinder 


through  the  pipe  t,  to  those  actuating  the  motion  of 
the  cranes,  and  the  weighted  plunger  naturally  de- 
scends, always  keeping  up  a  constant  pressure  upon 
the  water  ;  in  descending,  the  same  causes  the  throt- 
tle-valve to  open  again,  and  the  water  is  again 
pumped  in, 

A'ces.    (Nautical.)    Hooks  for  the  chains. 

A-oet'i-fi-er.  An'  apparatus  for  exposing  cider, 
wort,  or  other  wash  to  tlie  air  to  hasten  the  acetifi- 
cation  of  the  fermented  liquor.     See  Graduator, 

Ao'e-tim'e-ter.    See  Acidimeter. 

Ac'e-tom^e-ter.  A  hydrometer  suitably  gradu- 
ated for  .ascertaining  the  strength  of  acetic  acid  and 
vinegar. 

Aoh'ro-mat'ic  Con-denB'er.  An  achromatic 
lens  or  combination  used  to  concentrate  rays  upon  an 
object  in  a  microscope.  See  Carpenter  on  the  Micro- 
«opc,  pp.  117-119,  ed.  1857. 

AohTO-mat'ic  Lens.  Achromatic,  literally  col- 
orless, lenses  were  first  introduced  by  John  BoUond, 
of  London,  about  the  year  1758.  Ever  since  the  in- 
vention of  the  telescope  it  had  been  a  desideratum 
with  astronomers  and  opticians  to  obtain  a  lens 
which  would  give  a  perfect  ima^  free  from  color 
with  a  moderate  focal  length,  it  having  been  found 
by  experience  that  it  was  necessary  to  increase  the 
length  of  focus  of  the  object-glasses  of  telescopes  in 
the  proportion  of  the  square  of  the  magnifying  power 
desired,  to  obtain  distinct  vision.  This  was  owing 
in  part  to  the  distortion  or  spherical  aberration, 
causecl  by  the  rays  striking  the  lens  at  greater  or 
less  distances  from  its  center,  being  refracted  at  dif- 
ferent angles  in  proportion  to  the  greater  or  less  con- 
vexity of  the  lens,  and  converging  to  different  foci 
more  or  less  distant  from  the  latter  ;  but  principally 
to  the  dispersion  or  decomposition  of  the  ught,  as  in 

{>risms,  to  two  of  which,  joined  at  their  bases,  the 
ens  is  in  fact  equivalent.     See  Prism. 

This  fringed  or  colored  appearance  mav  be  observed 
about    the  margin   of  almost    any    object    viewed 
through  a  lens  of  short  focal  lengtn,  such  as  an  or- 
dinary microscope. 
The  excessive  length  which  had  to  be  given  to  re- 
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fracting  telescopes  in  order  to  obtain  what  is  now 
considered  a  very  moderate  magnifying  power,  100 
feet  for  a  power  of  200,  led  Gregory  and  Newton  to 
the  construction  of  reflecting  telescopes  (see  Tele- 
scope), and  these  for  many  years  were  almost  the 
only  kind  in  use.  The  dispersion  of  light,  or  the 
length  of  the  spectrum  formed  by  prisms  naving  the 
same  refracting  angle,  varies  greatly  in  different  sub- 
stances though  their  refracting  powers  may  be  equal 
or  nearly  so. 

Newton  had  supposed  that  the  dispersion  was  al- 
ways proportional  to  the  refraction,  and  it  was  in 
the  course  of  a  series  of  experiments  undertaken  in 
order  to  verify  this  theory  of  Newton,  which  had 
been  controverted,  that  Dollond  was  led  to  his  dis- 
covery. 

He  found  that  a  prism  of  white  flint  glass  whose 
refracting  angle  was  about  25  degrees  refracted  the 
light  in  a  nearly  equal  degree  with  one  of  crown 
glass  whose  refracting  angle  was  29  degrees,  but  that 
the  dispersive  power  of  the  former  was  much  greater  ; 
so  that,  when  they  were  applied  together  to  refract 
contrary  ways,  a  beam  of  lignt  passed  through  them 
was  separated  into  its  component  colors,  althoujgh 
the  incident  and  emergent  parts  of  the  beam  contin- 
ued parallel. 

From  this  he  inferred  that  if  two  lenses,  one  con- 
vex and  the  other  concave,  —  which  are  in  effect 
equivalent  to  two  prisms  refracting  in  different  ways, 
—  were  so  arranged  as  that  the  dispersive  power  of 
the  flint  glass  would  be  corrected  by  the  crown  glass, 
that  the  image  produced  by  the  excess  of  refraction 
of  the  latter  would  be  sufficiently  colorless  and  dis- 
tinct to  bear  an  eye-glass  of  much  shorter  focal 
length  and  consequent  magnifying  power  than  could 
be  applied  to  a  non-achromatic,  double-convex  lens, 
formed  of  a  single  piece  of  glass ;  and  by  further 
experiment  he  ascertained  the  most  advantageous 
focal  lengths  to  be  given  to  each  glass  in  order  to 
produce  clearness  and  distinctness. 

He  adopted  a  combination   of  three  lenses,  the 

middle  one  being  of  flint  glass  and  double  concave, 

and  the  two  exterior  ones  of  crown  glass,  double 

convex,  believing  that 

Fig.  26.  it  produced  better  re- 

!  suits  and  more  effectu- 
ally corrected  the  spher- 
ical aberration ;  the 
combination  of  two 
glasses  is  now,  however, 
universally  adopted. 
It  has  been  proposed 
to  use  metallic  solutions 
and  other  liquids  which 
Achromtuie  Lmus.  have  a  higher  dispersive 

power  than  flint  glass, 
enclosed  in  glass  disks  of  the  proper  curvature  her- 
metically sealed  at  their  edges,  in  place  of  that 
article  for  the  concave  lens,  but  though  several 
of  these  substances  appear  to  have  given  excel- 
lent results  experimentally,  they  have  never  been 
brought  into  general  use. 

On  account  of  the  difficulty  of  obtaining  a  good 
article  of  flint  glass,  more  particularly,  and  the 
trouble  and  skill  required  in  grinding  and  polishing 
the  faces  of  each  piece  so  that  they  may  have  the 
proper  curvature  and  fit  accurately  together,  achro- 
matic lenses  have  always  been  and  will  probably 
continue  to  be  very  expensive,  especially  the  larger 
sizes.  Dr.  Dick  mentions  one  of  54  inches  aperture 
and  54  feet  focal  length,  which  cost  200  guineas. 

Plopl,  an  optician  of  Vienna,  has  recently  invented 
an  improvement  on  the  achromatic,  which  he  calls 
the  dialytic  telescope,  in  which  the  several  different 


kinds  of  glass  composing  the  compound  object-glass 
are  not  placed  close  together,  but  at  regulated  dis- 
tances apart.  This  arrangement  allows  a  shorten- 
ing of  the  tube. 

Chester  More  Hall,  of  Essex,  England,  invented 
the  achromatic  telescope  in  1729,  but  did  not  make 
it  public.     Dollond  haa  to  invent  it  over  again. 

Aold-im'e-ter.  An  instrument  for  detennining 
the  purity  or  strength  of  acids,  founded  on  the 
principle  that  the  strength  of  any  sample  of  acid  is 
proportionate  to  the  quantity  of  alkali  which  it 
will  neutralize,  or  the  quantity  of  carbonic  acid  gas 
which  it  disengages  from  a  carbonate  of  soda  or 
potash.  An  accurate  and  economical  apparatus  for 
this  purpose  is  proposed  by  Dr.  Ure,  as  follows: 
a  graduated  glass  cylinder,  having  a  discharge  tube 
and  capable  of  containing  10,000  grains  of  distilled 
water,  is  attached  by  a  flexible  tube  to  a  Florence 
flask  containing  a  supersaturated  solution  of  car- 
bonate of  soda  or  potash,  in  which  is  a  test-tube 
containing  a  sufficient  proportion  of  acid  by  weight 
to  evolve  carbonic  acid  gas  equal  in  volume  to  the 
contents  of  the  cylinder.  Bicarbonate  of  soda  is 
preferred,  as  one  equivalent  of  any  acid  disengages 
irom  it  two  equivalents  of  carbonic  acid  gas,  and  the 
quantities  of  various  acids  required  to  evolve  a  vol- 
ume of  gas  equal  to  10,000  grains  of  distilled  water 
are  as  follows  :  — 

Anhydrous  sulphuric  acid,  16.80  grains. 

Oil  of  vitriol,  20.58  " 

Anhydrous  nitric  acid,  22.67  ** 

**  hydrochloric  acid,  15.33  " 

"  acetic  acid,  21.42  " 

Crystallized  citric  acid,  80.64  " 

"  tartaric  acid,  63.00  " 

By  tilting  the  flask  the  test-tube  is  upset  and  the 
acid  brought  in  contact  with  the  alkaline  solution^ 
liberating  the  carbonic  acid  gas,  which  passes  over 
into  the  cylinder,  displacing  a  bulk  of  water  eaual 
to  that  of  the  gas  evolved,  the  amount  of  whicn  is 
shown  by  the  graduations  on  the  side  of  the  cylin- 
der. This  indicates  the  strength  of  the  acid.  For 
example,  if  the  water  should  be  depl-essed  to  the 
mark  50  on  the  cylinder,  it  shows  that  the  sample 
contains  but  fifty  per  cent  of  pure  acid.  This  appa- 
ratus is  the  converse  of  the  alkalimeteTf  which  see. 

A-oifl'ca-liB.  A  small  mason's  pick,  with  a  flat 
face  and  pointed  peen. 

A-oock!bilL  1.  The  situation  of  the  yards 
when  they  are  topped  up,  at  an  angle  with  the  deck. 

2.  The  situation  of  an  anchor  when  it  hangs 
from  the  cat-head  by  the  ring  only. 

A-oou'me-ter.  An  instrument  invented  by  Itard 
for  measuring  the  degree  or  extent  of  hearing. 

A-oous'nc  In'atni-mentB.  Instruments  or  ap- 
paratus pertaining  to  the  ears,  the  perception, 
measurement,  or  projection  of  sound. 

I.  Those  appertaining  to  the  ear  are,  —  1.  PrO' 
sihUic.     2.  For  exploration.     3.  For  operation, 

1.  Of  the  prosthetic  are  the 

Auricle. 

Cane  Trumpet. 

Comet.  X 

Conversation  Tube. 

Ear;  Artificial. 

Ear  of  Dionysius. 

Ear  Trumpet. 

Sonifer. 

Tympanum ;  Artificial. 

2.  Exploration, 

Acoumeter. 
Ear  Speculum. 
Otoscope. 
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3.  Operaium, 

Ear  Spoon. 

Ear  Syringe. 

Eustachian  Tube  Instrument. 

Meatus  Knife. 

Organic  Vibrator. 

II.  Instruments  for  making  or  conveying  audi- 
ble sounds.  • 

(Not  including  those  of  a  prosthetic  nature  cited 
in  Class  I.) 

Acoustic  Telegraph. 

Air  pipe. 

Alarms.     ( Varieties  ;  see  Alarms.  ) 

Musical  Instruments.    (FarieiieSf  see  Musical 

Instruments.) 
Speaking  Trumpet. 
Speaking  Tube. 
Steam  whistle. 

III.  Instruments  for  measuring  the  quality'  of 
sound,  the  extent  of  hearing,  the  number  of  vibra- 
tions in  a  given  time,  etc. 

Acoumeter. 

Kaleidophone. 

Metronome. 

Sirene. 

Sonometer. 

Tonometer. 

IV.  Auscultation  Instruments. 

Percussor. 
Pleximeter. 
Stethometer. 
Stethoscope. 

(See  the  above  in  their  alphabetical  order.) 

A-oouB'tlo  TeFe-graph.  A  tel^^ph  making 
audible  instead  of  visual  signals. 

In  this  sense  —  the  most  general —  every  aoimder 
may  be  included  in  the  class,  for  it  is  capable  of 
being,  and  is,  used  to  convey  information  by  an 
arrangement  of  repetitive  blows  and  intervals. 

The  present  common  use  of  the  Morse  instrument 
brings  it  within  this  categorv,  the  signals  beinff  read 
by  ear  rather  than  by  consulting  the  paper  ribbon. 

The  speaking-tube  may  be  considered  another 
form,  conducting  a  puff  of  air  to  the  other  end, 
where  it  operates  a  whistle,  or  the  sound  is  recog- 
nizable as  an  audible  expression. 

Briffht's  (English  Patent)  is  adapted  to  communi- 
cate phonetic  signals.  It  consists  of  an  axle  having 
a  magnet  and  double  arm  ;  the  magnet,  when  acted 
upon  by  electro-magnetic  coils,  causes  the  axle  to  vi- 
brate or  deflect  in  one  direction,  thus  sounding  a  bell 
by  means  of  a  hammer-head  on  one  arm  ;  the  subse- 

auent  reversal  of  the  electric  current  causes  a  muf- 
er  on  the  other  arm  to  sto|>  the  sound. 

In  a  more  perfect  form,  Bnght's  Acoustic  Telegraph 
consists  of  a  hammer  in  connection  with  a  lever, 
which  is  acted  upon  by  every  polarization  of  a  set 
of  electro-magnets  by  the  local  current,  and  there- 
•  upon  strikes  a  small  bell.  A  pair  of  these  bells 
are  connected  to  each  wire ;  one  bell  is  struck  by 
the  passage  of  the  positive,  and  the  other  of  the 
negative  current,  the  alphabet  being  readily  formed 
by  the  difference  in  their  tones  and  the  number  of 
beats. 

Another  form  of  audible  telegraph  consists  of  a 
wire  which  is  tapped  and  conducts  the  sound  to  a 
resonant  diaphra^. 

Wilson's  Patents,  1866,  refer  to  the  production 
of  a  musical  note  by  the  action  of  a  valve  governed 
by  the  electro-magnetic  current.  The  sound  is 
continuous  or  intermittent,  and  variable  in  tone 
or  pitch,  as  may  be  required. 

Ao'ro-ter.  A  small  pedestal  placed  on  a  pedi- 
ment and  serving  to  support  a  statue 


Ac-tin'o-graph.  An  instrument  for  registering 
the  variation  of  the  chemical  intensity  of  the  sun*8 
rays.  As  contrived  by  Mr.  Hunt,  it  consists  of  a 
fixed  cylinder  on  which  is  placed  a  prepared  photo- 
^phic  paper  covered  by  a  revolving  cylinder  hav- 
ing a  triangular  opening  divided  by  tars  through 
which  the  direct  rays  of  the  sun  pass  ;  their  effect 
upon  the  paper  indicates  their  chemical  intensity  at 
different  times. 

Ac'tl-nom'e-ter.  An  instrument  for  measuring 
the  power  of  the  sun's  rays,  invented  by  Sir  J.  F. 
"W.  Herschel  about  1826.  A  hollow  cylinder  of 
glass  filled  with  a  colored  liquid  is  soldered  to  a 
thermoraeter-tube  blown  into  a  ball  at  the  upper 
end  ;  being  exposed  alternately  to  the  sun's  rays  and 
removed  to  the  shade,  a  comparison  of  the  differ- 
ences of  expansion  of  the  liquid  indicates  the  rela- 
tive intensity  of  the  solar  raoiation. 

The  discovAy  of  the  presence  of  another  principle, 
associated  with  the  light  and  heat  derived  from  the 
sun,  seems  to  have  been  made  some  years  ago  by 
Mr.  R.  Hunt  in  England. 

Sir  J.  Hei-schel  proposed  to  establish,  as  a  unit  for 
the  intensity  of  solar  heat,  that  value  which  would, 
in  a  minute  of  time,  dissolve  a  thickness  equal 
to  one-millionth  part  of  a  meter  of  a  horizontal  sheet 
of  ice,  when  the  sun's  light  falls  vertically  upon  it. 
This  he  calls  an  actine,  and  from  experiments  made 
by  him  at  the  Cape  of  Good  Hope  he  determined 
the  value  of  a  degree  on  the  scale  of  one  of  his 
aciinometera  to  be  equivalent  to  6.093  actines. 

The  actinometer  is  useful  in  determining  the 
quantity  of  solar  heat  which  is  absorbed  in  passing 
through  the  different  strata  of  the  atmosphere,  for 
which  purpose  the  observations  must  be  made  at 
stations  differently  elevated  above  the  level  of  the 
earth  or  sea.  It  may  also  be  employed  to  deter- 
mine the  diminution  of  heat  which  takes  place 
during  eclipses  of  the  sun. 

See  Mcmwd  of  SciemJtifiG  Inquiry^  published  by 
the  English  Board  of  Admiralty^ 

One  form  of  actinometer  is  sometimes  called  a 
photometer.  The  former  name  indicates  that  its 
purpose  is  to  determine  the  actinic  power  of  the 
solar  rays,  while  the  latter  name  indicates  a  meas- 
urer of  the  intensity  of  the  light. 

One  use  of  the  actinometer  is  to  ascertain  the 
proper  time  for  exposing  a  plate  in  the  camera,  or 
a  sensitized  paper  in  the  pnnting-frame.  The  box 
has  a  spring  Dottom  and  a  glass  and  wooden  cover. 
On  the  under  side  of  the  glass  are  secured  a  series 
of  thin  strips  of  paper  arranged  in  layers  so  that 
each  layer  projects  over  the  edge  of  the  strip  above 
it,  thus  producing  a  graduated  semi-transparent  me- 
dium. The  number  of.  layers  of  any  particular 
point  is  indicated  by  black  figures  on  the  lowest 
strips  of  paper.  Upon  this  false  bottom  is  spread 
a  series  of  strips  of  paper  rendered  sensitive  by 
saturating  with  alkaline 'chromate.  The  apparatus 
is  then  exposed  to  the  light,  and  the  strips  of  sensi- 
tive paper  will  be  successively  darkened  according 
to  the  clepth  of  over-lying  paper.  See  Photometer. 

Ac'tlon. '  An  exertion,  applied  in  machinery  to 
an  effective  motion  ;  as,  — 

A  single  action  ;  illustrated  in  the  ordinary  lift- 
pump,  the  atmospheric  engine,  etc. 

A  double  action,  in  which  the  go  and  return  mo- 
tions are  each  made  effective  or  are  positively 
effected  by  the  motor :  as  the  double-acting  pump, 
throwing  a  stream  at  each  course  of  the  piston  ;  the 
ordinary  high -pressure  steam-engine,  in  which  the 
piston  is  driven  each  way  by  the  force  of  stream. 

(Music.)  The  movements  or  working  parts  of  a 
stnnged  or  wind  instrument,  which  is  operated  by 
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a  key-board ;  such  as  an  organ,  piano-forte,  melo- 
deon,  etc. 

It  includes  the  portion  between  the  keys  and 
the  strings,  —  the  portion  engaged  in  striking  and 
damping. 

The  actions  are  known,  by  a  peculiarity  in  the 
instrument,  as  grandy  square,  piccolo,  single,  double, 
upriaht  actions ;  or  from  the  inventors,  as  Broad- 
wood's,  CoUard's,  Erard's,  Steinway's,  etc.  See 
Piano-forte. 

Fig.  26. 


Piano-Forte  Action. 

A  is  the  key ;  B,  the  hammer  which  falls  back 
upon  the  check,  and  a  bar  mid  length  of  the  stock, 
called  the  hammer-rail.  (7  is  an  adjustable  bar  on 
which  is  mounted  the  jack,  whereby  the  hammer 
is  actuated.  E  is  the  rail  to  which  the  hammer 
is  hinged. 

Ao\i-punct'ti-ra'tor.  Derived  from  acus  ( Lat. ),  a 
needle.  An  acicular  instrument  for  treating  certain 
complaints,  such  as  headaches,  lethargies,  etc.  It  is 
of  great  antiquity  in  the  East,  and  of  late  years  it  has 
been  introduced  somewhat  extensively  into  Europe 
and  the  United  States.  The  essential  apparatus 
employed  is  simply  a  set  of  needles  set  in  a  handle, 
or  detached  needles,  which  by  a  slight  rotary  move- 
ment are  passed  to  the  required  depth  beneath  the 
tissues  and  allowed  to  remain  for  a  length  of  time 
varyinff  from  a  few  minutes  to  an  hour. 

In  the  sixteenth  century,  according  to  Jerome  Car- 
dan, the  practitioners  of  this  art  travelled  from  place 
to  place,  and  rubbed  their  needles  with  a  magnet 
or  substance  which  they  pretended  rendered  tneir 
insertion  painless.  Without  any  such  application, 
however,  the  punctures  are  so  minute  that  pcdn  is 
not  felt  after  tne  first  insertion  of  the  needle. 

The  needles  are  sometimes  used  for  conducting 
the  ealvanic  current  to  parts  at  some  distance  be- 
neath the  surface  of  the  skin,  and  are  sometimes 
made  hollow  for  the  injection  of  a  sedative  into  the 
tissues,  for  the  relief  of  neuralgic  affections.  This 
latter  mode  of  application  was  suggested  by  Dr. 
Alexander  Wood  of  Edi^ibui^gh,  Scotland.  See 
An-«8THETic  Apparatus. 

It  is  sometimes  called  a  Derrhopathic 
or  Irritation  Instrument,  and  is  used  to 
introduce  a  vesicatory  liquid  beneath  the 
epidermis. 

FiRMENiCH*8  instrument,  March  18, 
1862,  may  be  considered  a  type  of  its 
class.  The  piston  containing  the  needles 
is  adjustable  in  its  cylinder,  which  holds 
the  medicinal  preparation.  The  needles 
^^  project  through  the  diaphragm  to  the 
required  extent,  and  the  epispastic  liquid 
insinuates  itself  along  with  the  needles 
into  the  punctures. 

Klee's  acupuncturator,  June  19, 1866, 
has  a  regulating  nut  g,  to  a^'ust  the 
depth  of  penetration  of  the  needles  which 


Sroject  through  the  diaphragm  to  con- 
^ uct  the  liquid  from  the  cylinder  A  and 
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introduce  it  through  the  skin.  The  needles  h  are 
stocked  in  the  piston  £,  whose  stem  d  is  sleeved 
in  the  stem-screw  cf. 

In  Oriental  countries  the  needles  are  made  of 
gold  or  silver.     In  China  their  manufacture  is  regu- 
lated by  law.     They  are  of  different  sizes,  some 
about  four  inches  in  length  and  having  spiral  han- 
•dles  to  facilitate  their  rotation  after  insertion.    Thev 
are  driven  in  by  a  small,  lead-loaded  hammer  with 
a  leathern  face.    Their  use  is  very  common  in 
China  and  Japan,  and  was  communicated  to 
Europe  by  the  physician  to  the  Dutch  Em- 
bassy in  the  seventeenth  centuiy.     It  was 
revived  in  France  in  1810.     The  £nfi;lish 
needles  are  long,  made  of  steel,  and  have 
knobbed    heads   to  facilitate  turning  after 
introduction.    The  tendency  here,  judging  by 
the  patents,  is  to  have  the  needles  in  clusters. 
The  operation  is  well  performed  by  a  tubu- 
lar needle  connected  with  a  syringe,  by  which 
a  weak  solution  of  morphia  is  injected  into  a 
diseased  tissue,  producing  local  anesthesia. 
See  An-«sthetic  Instruments  ;  Hypoder- 
mic Syringe.     For  the  reverse  use  of  hol- 
low needles,  see  Trocar. 
A'coB.    A  needle.     As,  — 
AciLs  Cannulata  ;  a  trocar,  or  tubular  needle  for 
discharging  liquids. 

Aeus  Inierpundoria ;  a  couching-needle  used  in 
operations  for  cataract 

Acus  Ophthalmica :  one  used  in  operations  for 
ophthalmia  or  cataract. 
Acus  Triquetra ;  a  trocar,  or  three-sided  needle. 
Ao'u-ten-ao'u-lum.     A  needle-holder  or   for- 
ceps ;  a  needle-handle  ;  a  porte-aiguille. 

A-dapf  er.  1.  A  glass-tube  open  at  both  ends, 
and  used  to  connect  a  retort  with  its  receiver. 

2.  A  receiver  with  two  opposite  necks,  one  of 
which  admits  the  neck  of  the  retort  while  the  other 
is  joined  to  another  receiver.  It  is  used  in  distilla- 
tions to  give  moro  space  to  elastic  vapors  or  to  increase 
the  length  of  the  neck  of  a  retort.     See  Aludel. 

3.  A  tube  to  adapt  or  fit  an  accessory  apparatus 
to  the  body  of  the  microscope,  as  the  adapter  which 
carries  the  analyzer  of  the  polarizing  apparatus,  etc. 

Ad'a-tis.  A  species  offine  cotton  cloth  made  in 
India. 

Ad-den'dum.  (Gearing.)  The  difference  between 
the  real  and  the  geometrical  radius  of  a  circular 
cog-wheel ;  that  is,  between  the  radius  of  the  piidh 
circle  and  the  outer  circle  which  touches  the  crests 
of  the  teeth. 

Ad'dloe.  The  obsolete  name  of  an  adze  ;  which 
see. 

Add'ing  BCa-ohine'.  An  instrument  or  machine 
by  which  adding  of  numbers  is  effected.  See 
Abacus  ;  Arithmometek. 

Ad-dress'ing  BCa-ohine'.  A  machine  for  ad- 
dressing newspapers  and  magazines  in  which  the 
same  series  of  names  is  repeated  from  time  to 
time  as  the  day  of  issue  recurs.  There  are  two 
modes.  One  is  to  print  the  addresses  consecutively 
upon  slips  which  are  gummed  on  the  back  and  fed 
intermittingly  to  the  cutter  which  cuts  off  each 
address.  This  is  then  pressed  upon  the  folded 
paper  or  pamphlet,  which  is  placea  in  position  to 
receive  its  direction.  The  other  mode  is  to  set  up 
the  type  of  each  address  in  a  form,  and  so  arrange 
the  forms  that  they  are  successively  presented  at  a 
s|)ot  to  which  the  enveloped  papers  are  consecu- 
tively fed. 

Over  twenty  patents  have  been  granted  in  the 
United  States  on  machines  for  this  purpose. 

One  of  the  earlier  forms  of  this  device  is  that  de- 
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scribed  in  Moeser's  patent,  June  24,  1851.  The 
different  addresses  are  set  up  in  columns  in  a  galley, 
and  are  brought  under  the  action  of  a  stamp,  being 
moved  intermittingly  by  means  of  a  slide ;  the 
addresses  are  exposed  aericUim  at  a  slit  in  a  plate, 
allowing  the  paper  or  object  to  be  printed  to  be 
pressed  down  upon  the  address  beneath  the  slit 
of  the  plate,  ana  shielding  the  paper  from  the  ad^ 
joining  lines.  This  series  of  addresses  forms  a  me- 
chanical record  on  which  changes  may  be  made  as 
they  become  necessary.  This  patent  was  reissued 
January  30, 1866,  and  was  extended  to  the  year  1872. 

Campbell,  January  20,  1863.  The  addresses  are 
set  up  in  parallel  columns,  and  are  secured  in  a 
common  chase*  The  machine  is  supported  over  the 
chase  by  end-pieces,  and  is  automatically  advanced 
after  each  depression  of  the  platen.  Resting  upon 
ways  which  span  the  chase  is  a  traversing  bed-piece 
with  an  upnght,    affording  a  pivotal 

attachment  for  a  lever  which  a'"" ^'^-' 

elevates  and  depresses  a  plat< 
guide-rod.  The  elevation  of 
by  means  of  the  toggle,  act 
wlieel,  which,  mashing  into  a 
vances  the  platen  to  delivei 
impression  on  an  advanced  poii 
exhausting  all  the  addresses  i 
column,  the  bed-piece  is  mo 
ally  to  bring  the  platen  into  cc 
ence  with  the  next  column, 
is  fed  beneath  the  platen  just 
to  the  down  stroke  of  the  Ic 
form  is  previously  inked  so 
address  is  ready  to  deliver  it 
sion  when  called  on. 

Tiffany  and  Soule,  March 
The  type  addresses  are  conta 
partitional   galley  or  chase, 
moved  by  a  pawl  dependent 
platen  lever,  as  the  latter  is  r 
pinion  on  the  shaft,  whose  i 
thus  actuated  by  the  lever-pa 
means  of  forwarding  the  gaU 
at  a  time,  and  each  line  of  1 
comes  to  the  wide  pinion  is  separated 
from  the  rest  by  elevation  so  as  to  ex- 
pose it  at  the  slit  in  the  plate  above,  in  contact  with 
the  paper  which  is  placed  upon  it  below  Jhe  de- 


Flg.  29. 


Tiffany  and  SouieU  Addressing  Machine. 

scending  platen.     A  sheet  metal  plate  depresses  the 
type  after  the  impression  is  delivered. 

Soule,  October  2,  1860.  The  forms  of  the  ad- 
dresses are  arranged  in  columns  in  the  chase  F, 
and  the  plate  moves  intermittingly  above  it.  The 
oscillating  platen  C  is  pivoted  to  oearings  D,  on  the 
plate  j4,  wnich  has  a  slit  brought  into  correspond- 
ence with  each  address  in  turn.  The  plate  is 
advanced  intermittingly,  after  each  impression,  by 
the  contact  of  the  descending  lever  with  an  oblique 
end  to  one  arm  of  the  bell-crank  which  is  pivoted  to 
the  plate,  the  other  end  of  the  lever  engaging  a  rack 
on  tne  bed-plate. 


Soviets  Addressing  Machine. 


ScHUH,  April  26,  1869.     The  hopper  C  contains 
the  documents,  which  are  discharged  consecutively 

File.  30. 


8ehuh-s  Addressing  Mdchins, 

by  the  movements  of  a  sliding  g^te  which  is  pro- 
vided with  a  heel  or  step  which  drives  the  document 
before  it  from  beneath  the  pile.  The  type  ad- 
dresses are  fed  down  an  inclined  board  ^,  and 
thence  are  forwarded  along 
a  level  channel  E,  to  the  ^-  31. 

point  beneath  the  platen 
P.  On  arriving  at  this 
point  they  are  successivalyr 
raised  by  the  action  of  a 
piston  X,  which  is  raised 
Dy  a  cam  on  a  horizontal 
shaft  beneath.  The  ad- 
dress is  elevated  to  meet 
the  descending  platen  P, 
and  the  paper  introduced 
between  tnem  receives  the  c 
pressure  from  one  and  the 
impression  from  the  other. 
The  type  is  then  forwarded 
by  the  type-shifter  O,  along 
the  elevated  channel  g, 
from  whence  the  addresses 
are  removed  in  gangs.  The 
notice-bell  R  is  actuated  by 
the  t3rpe  at  intervals  to  an- 
nounce that  a  certain  gal- 
ley is  exhausted.  Davis^s  Addrfssin^  Machinf. 
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BowLUS,  May  1,  1860.  The 
chain  has  type-boxes  e,  which  have  spring 
sides  for  clasping  the  forms,  each  of  which 
constitutes  an  address.  The  forms  are 
placed  in  a  column  in  the  feed-box  A,  are 
taken  one  at  a  time  by  the  pockets  in  th« 
feed-wheel  B,  and  are  trans- 
ferred to  the  type-boxes  in 
the  endless  chain.  They 
I  are  ^carried  \>y  the  latter^ 
beneath  the  inking-rollers  H 
/,  which  are  presented  con- 
secutively to  tlie  forms,  hav- 
ing previously  received  ink 
from  the  ink-supply  rollers 
G  H.  The  paper-feeding 
and  printing-roller  M  has  a 
travelling  apron  which  feeds 
the  strip  of  paper  to  the 
forms,  and  tne  latter  are 
cleansed,  as  they  return  in  the  re- 
versed position,  by  the  rotary  brush 


iV,  which  rotates  in  the  wash-tub  0,  and  in  contact 
with  the  type. 

Doty,  January  26, 1864.  This  machine  is  for  cut- 
ting off  addresses  from  a  strip  of  paper  previously 
printed  and  gummed  on  the  respective  sides.  The 
strip  is  fed  from  a  spool  0,  and  is  drawn  over  the 
concave  bed  K  by  the  oscillating  arm  F^  whose 
finger  i  engages  the  paper.  The  gummed  side  of 
the  paper  being  underneath  is  moistened  by  the 
wet  sponge  a,  and  passes  between  the  stationary 
cutter  E  and  the  descending  cutter  D,  which  is 
depressed  by  the  spring  plunger  6,  and  so  actuated 
by  the  spring  (2  as  to  make  a  shear-cut  upon  the 
strip  of  paper  as  it  removes  the  address.  The  feed 
levers  F  are  pivoted  to  the  frame,  and  actuated  by 
projections  from  the  descending  plunger. 

In  Dick's  machine,  October  4,  1859,  the  ad- 
dresses are  set  up  in  columns  in  a  form,  and  the 
printed  sheet  is  cut  into  strips,  each  of  which  has  a 
column  of  addresses.  The  reverse  side  is  pasted, 
and  the  slip  is  fed  forward  one  address  at  a  time ; 
the  descending  stamp-shear  removes  the  address  and 
presses  it  upon  the  wrapper  or  the  paper,  as  the 
case  may  be.  The  pressure  of  the  machine  on  the 
pile  of  wrappers  operates  the  cutter  and  removes 
the  label. 

In  Peck  and  Wright's  machine,  January  12, 
1864,  the  wooden  blocks  upon  which  the  addresses 
are  cut  are  bevelled  upon  one  side,  so  that  a  series 
of  them,  when  placed  in  a  column  galley,  forms  a 
continuous  ratchet,  of  which  each  block  is  a  separate 
tooth  by  which  they  are  fed  forward,  preserving  the 
reauisite  intervals. 

In  some  cases  the  quads  of  the  forms  afford  teeth 
by  which  the  column  is  advanced. 

Bakrinoton,  June  14,  1859.     The  cylinder  has 

Fig.  84. 


Doty^s  Addressing  Machine. 


Dick's  Addressing  Machine. 

grooved  ribs  for  holding  forms  of  type  and  present- 
ing them  consecutively  at  the  proper  point  for 
delivering  an  impression. 

Marshall,  November  1,  1859.  The  "forms" 
constitute  links  of  an  endless  chain,  which  unwinds 
from  one  drum  and  winds  on  to  another,  being  inked 
on  their  passage  by  one  set  of  devices,  and  the  con- 
secutive links  depressed  by  a  stamp  on  reaching  a 
certain  point  of  their  progress  at  which  is  presented 
the  paper  or  envelope  to  be  superscribed. 

NoRDYKE,  March  1,  1859.  The  envelopes  on  an 
endless  conveyer  are  fed  beneath  the  forms  which  are 
fed  upon  one  track  and  discharged  upon  another, 
being  subjected  at  a  given  point  to  the  action  of  a 
pressure-roller. 

Carpenter,  May  5,  1857.  The  forms  are  placed 
in  pockets  in  the  periphery  of  a  wheel.     The  news- 
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paper  being  held  above  the  fonn,  the  platen  is  de- 
pressed by  a  treadle  and  the  impression  obtained. 
On  releasing  the  treadle  the  spring  raises  the 
platen,  and  the  pawl  turns  the  cylinder  one  tooth, 
bringing  the  next  name  in  series  beneath  the 
platen. 

Campbell,  January  17,  1860,  patented  a  machine 
for  printing  addresses  on  the  maigins  of  news- 
papers, simultaneously  with  the  printing  of  the 
newspapers,  by  means  of  cells  or  boxes,  containing 
the  addresses  set  up  in  type  and  conveyed  to  the 
form  by  means  of  an  endless  apron  having  an  auto- 
matic, intermittent  movement. 

Batley,  January  17,  1860.  The  type  are  ar- 
ranged on  slats,  so  connected  together  as  to  be 
moved  successively  through  the  machine.  The  pa- 
pers are  fed  into  the  machine  by  finger  bars  and 
spurs,  and  the  addresses  elevated  in  succession  to 
make  the  impression. 

Lord,  September  7,  1858.  The  type  forming  the 
addresses  are  inserted  in  boxes  secured  spiraUy  on  the 
periphery  of  a  revolving  cylinder.  The  newspapers 
or  envelojies  are  successively  pressed  a^nst  the 
type  in  tne  boxes  by  a  horizontally  reciprocating 
maten  whose  action  is  in  concert  with  the  cylinder. 
The  inking  apparatus  is  caused  to  follow  the  spiral 
arrangement  or  the  form,  being  gradually  moved  by 
a  screw  similar  to  a  lathe-feed  screw. 

Harrild*s  machine  (English)  consists  of  a  slid- 
ing groove  of  some  length,  in  which  is  placed  a  galley 
containing  as  many  of  the  required  directions  as  it 
vdll  hold  set  up  in  type  and  locked  up.  A  treadle 
moves  it  along,  one  notch  at  a  time,  under  a  parch- 
ment frisket,  till  a  direction  arrives  just  under  the 
aperture  cut  in  the  frisket,  the  newspaper  envelope 
is  laid  over  it,  and  the  treadle  brings  a  platan  down 
upon  the  newspaper. 

The  galley  then  passes  along,  notch  by  notch,  till 
its  directions  are  exhausted,  when  it  is  superseded 
by  another. 

Ad^he'sion  Car.  A  car  whose  wheels  are  adapted 
to  grasp  a  rail  or  to  bear  upon  it  in  such  a  way  as  to 
have  an  adhesive  or  tractive  power  greater  thui  that 
due  merely  to  the  weight  of  imposition. 

Among  the  forms  may  be  mentioned  :  — 

The  cogged  rail.     See  Railroad. 

The  center  rail,  with  a  horizontal  pair  of  gripping- 
wheels.    See  Railroad  ;  Center  Kail. 

Another  form  is  a  wheel  with  an  angularly 
grooved  periphery,  which  bites  the  flanges  of  a 
double-headed  rail. 

In  the  early  history  of  railroad  engineering 
many  devices,  especially  the  cog^d  rail,  were  em- 
ployed to  give  adhesion,  or  tractive  grip  upon  the 
rail.  These  were  eventually  laid  aside  as  more  cor- 
rect views  were  attained.  In  climbing  inclined 
planes,  however,  devices  of  this  kind  are  yet  found 
useful,  and  arQ  noticed  under  the  appropriate  heads, 
cited  above. 

CoifjffUienU  of  Adhetivn  of  Locomotives  per    Ton   upon  the 
Dnving'  Wheels. 

Lbs. 
When  the  rails  are  very  dry,  .  .  670 
When  the  rails  are  very  wet,  .         600 

In  misty  weather,     ....     860 
In  frost  or  snow,  ....         200 

In  coupled  engines  the  adhesion  is  due  to  the 
load  upon  all  the  wheels  coupled  to  the  drivers. 

The  adhesion  must  exceed  the  traction  of  an 
engine  upon  the  rails,  otherwise  the  wheels  will 
slip. 

Ad'it.  A  drift,  or  nearly  horizontal  tunnel  form- 
ing a  road  or  drain  in  a  mine,  by  which  the  ore  is 


extracted  or  water  carried  off.     Its  dischaiging  end 
is  at  the  natural  surface.     A  day-level,  or  soxigh. 

The  great  adit  in  Cornwall  drains  the  waters 
from  the  Gwennap  and  Redruth  mines,  and  is  near- 
ly thirty  miles  long.  It  discharges  its  waters  into 
the  sea,  forty  feet  above  hi^h-water  mark. 

Adit;s  may  be  driven  eituer  along  the  course  of  a 
vein  or  bed  or  through  an  unproductive  stratum  of 
rock,  and  are  frequently  run  in  a  direction  trans- 
verse to  the  general  bearings  of  the  veins  or  lodes, 
with  a  view  to  exploration  ;  such  an  adit  is  termed 
a  cross  cut. 

In  the  early  working  of  a  mine,  the  adit,  from  mo- 
tives of  economy,  is  made  as  short  as  practicable  ; 
but  as  the  operations  progress  it  is  often  advisable  to 
drive  another  at  a  lower  level  and  of  greater  length, 
to  avoid  the  difficulty  of  pumping  or  lifting  the  wa- 
ter from  a  considerable  depth. 

Ad-ju8tlng  Sorew.  A  set-screw  of  an  instru- 
ment by  which  one  part  is  moved  upon  another, 
either  for  focus,  level,  tension,  or  otherwise. 

Ad-joBt'ihg  Tool.  (Hoi-ology.)  A  tool  by  which 
the  snail  of  the  fusee  is  regulated  so  that  its  increase 
of  diameter  may  exactly  countervail  the  decreased 
strength  of  the  spring  as  it  unwinds  in  the  barrel. 
The  object  is  to  obtain  an  exactly  equal  power  at  all 
times  upon  the  train. 

Ad'mi-raL  A  leading  ship  <jf  a  squadron.  (From 
Sar.  Emir,  the  Sea.) 

"  To  be  the  mast 
Of  some  greet  ammiral.**  —  Paradise  Lost,  B.  L 

A-do'be.  Adobes,  or  unbumt  bricks,  are  prin- 
cipally in  vogue  in  the  plains  of  Shinar  and  Egypt, 
and  in  China  and  certain  portions  of  North  Amenca 
inhabited  by  the  Puebla  Indians.  If  well  bwmed, 
the  clay  forever  loses  its  plasticity,  and  cannot  again 
be  reduced  to  a  mortar.  If  it  be  merely  dried,  it 
will  assume  its  original  condition,  as  it  came  from 
the  pug-mill.  Such  has  lately  (1871)  been  the 
experience  of  the  Chinese  in  the  vicinity  of  the 
Hoang-ho,  whose  houses  of  adobes  are  reduced  to 
mud-heaps  by  the  overflow  of  the  river.  Mr. 
Tomlinson,  C.  £.,  of  London,  has  treated  tins 
matter  more  fully  than  any  other  author  writing 
in  our  langua^,  and  he  says  :  '*  The  first  action  ^ 
heat  is  to  drive  off  hy^rometric  water ;  the  clay 
then  becomes  dry,  but  is  not  chemically  changed, 
it  does  not  cease  to  be  plastic.  On  continuing  to 
raise  the  heat,  the  chemically  combined  water  is 
separated,  and  the  clay  undergoes  a  molecular  change 
which  prevents  it  from  taking  up  water  again  except 
mechanically.  With  the  loss  of  this  chemically 
combined  water  clay  ceases  to  be  pla.stic.** 

In  the  directions  which  have  been  published  for 
building  with  adobes,  it  is  recommended  that  they 
should  be  guarded,  by  some  material  impervious  to 
water,  from  absorbing  moisture  from  tne  ^und, 
and  also  that  the  roof  should  be  made  to  project  not 
less  than  two  feet  in  order  to  shed  the  water  and 
prevent  its  running  do\Mi  the  walls.  These  direc- 
tions seem  to  indicate  the  weak  point,  and  the  ex- 
periences derived  from  the  dry  plains  of  Asia  and 
Africa,  and  the  elevated  arid  regions  of  Northern 
Mexico  and  Lower  California,  do  not  apply  so  well 
to  our  more  humid  climate. 

The  mold  for  making  adobes  resembles  the  ordi- 
nary brick-mold  in  having  four  sides  and  having 
handles  at  the  ends,  but  no  top  or  bottom.  It  is 
much  laiger,  however,  and  sometimes  a  pair  are 
placed  in  a  single  frame.  It  is  placed  in  position  on 
the  drying-ground,  filled  with  clay,  and  when  the  top 
is  smoothSi  by  a  striker,  the  mold  is  carefully  raised, 
leaving  the  adobe  to  dry  for  a  few  days,  when  it  is 
turned  to  expose  the  other  side.     A  few  weeks  of 
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favorable  weather  complete  the  drying. 

It  does  not  ap- 


It  is  a 
cheap  material  and  easily  built  iip. 
pear  likely  ever  to  become  a  favorite  mode  of  build- 
ing in  those  parts  of  the  United  States  which  are  at 
present  most  thickly  populated.  It  will  not  do  to 
make  too  general  a  statement  in  a  country  whose 
climate  varies  between  Alaska  and  Mexico. 

Ad-vioe'-boat.  A  fast-sailing  vessel  used  for 
reconnoitering.  First  used,  ray  the  authoiities,  in 
■spying  the  operations  of  the  French  fleet  in  Brest, 
previous  to  the  battle  of  La  Hogue,  1692.  Of  course 
Themistocles  and  the  consul  Uaius  Duilins  never 
had  any  light  amphiprorse  to  *' overhaul  "  the  Per- 
sians or  the  Carthaginians,  **  and  when  found  make 
note  on." 

Adse.  The  adze  is  a  very  ancient  tool,  and  has 
a  curved  blade  whose  edge  is  at  right  angles  to  the 
handle  ;  differing  from  the  axe,  in  which  the  blade 
is  parallel  to  the  handle.    The  forms  and  sizes  differ 

Fig.  86. 


Fig.  87. 


Egypdem  Adze,    (Thebes.) 

the  edges  curved  or  straight,  the  blade  generally 
straight. 

The  figures  in  the  accompanying  cut  are  from  a 
building  in  Thebes  ;  one  is  holding  a  carriage-pole  or 
tongue,  while  the  other  is  dressing  it  to  shape  with 
an  adze. 

In  the  other  illustration  the  blade  of  the  adze  is 
shown  confined  by  a  band  or  strap  to  the  helve.   The 


Fig.  88. 


-with  the  character  of  the  work,  and  in  some  cases 
the  bit  is  gouge-shaped  in  addition  to  its  curve  in 
the  plane  of  its  motion.     It  is  swung  in  a  path  of 
about  the  same  curvature  as  the  blade,  the  shoulder- 
Joint  being  the  center  of  motion,  and  the  entire  arm 
■and  tool  forming,  as  it  were,  an  inflexible  radius. 
The  above  cut  from  Holtzapffel  gives  an  idea 
of  the    presentation 
J^-  8ft.  to  their  work  of  va- 

^  rious  wood-cutting 
^  tools,  a  a  represent 
the  axe  or  hatchet, 
with  two  bevels ;  b, 
the  broad-axe,  or  sin- 
gle-bevelled axe ;  c, 
the  adze  ;  d,  the  In- 
dian angular-bitted 
adze  ;  e,  the  chisel ; 
/,  the  mode  of  pres- 
entation of  a  metal- 
cutting  tool,  intro- 
Adzt,  duced  for  the  sake  of 

comparison. 
Fig.  36  is  the  modem  adze. 
"The  adzes  of  ancient  Egypt  were  of  different  forms ; 


Egyptian  Adze.    (Thebes.) 

adze  appears  often  in  the  Egyptian  painting  and  sculp- 
ture, and  was  the  principal  tool  in  ancient  Egypt  for 
fashioning  articles  of  wood.  Its  blade  was  of  bronze 
and  the  handle  of  tamarisk. 

The  Roman  adze  (ascia)  is  shown  on  many  ancient 
monuments.  Some  have  a  rounded  edge,  some  a 
straight.    It  was  then,  as  now,  a  ship-buflder's  tool. 

The  aciaculua  had  a  similar  rounded  head,  but  was 
a  stone-mason's  tool,  having  a  square  face  and  point- 
ed peen. 

Among  many  of  the  West  India  Islanders  adzes 
and  axes  of  shell  were  used. 
When    it    was    procurable  Fig.  89. 

they  were  made  of  flint ;  this 
was  worked  into  the  shape 
of  a  tool  and  attached -by 
sinews  or  cords  to  a  helve, 
or  fastened  to  a  withe  (see 
Axe),  or,  as  in  Figs.  39,  40, 
the  cutting  material  of  shell, 
flint,  or  o&idian  was  lashed 
to  a  stock.  Metal  super- 
seded the  other  materials  in 
most  pai-ts  of  the  world,  but  < 
many  barbarous  nations  of 
America  and  Polynesia  yet 
make  their  weapons  of  the 
material  generally  discarded 
at  a  very  distant  date  in  the 
Old  World. 

Fig.    89  represents  three 
stone    adzes  of   the    South 
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Fig.  40.  Pacific,  and  Fig.  40  a  stone  adze 

of  the  Chalam  Indians,  who  oc- 
cupy the  shores  of  Puget  Sound. 
It  suggests  the  most  ancient  form 
of  the  tool,  employed  especially 
for  digging  out  the  canoes  from 
the  soUd  log.  These  canoes  were 
common  at  a  period  before  the 
discovery  of  iron  in  Europe,  and 
their  remains  are  there  found  as- 
sociated with  the  implements  of 
the  stone  and  bronze  ages. 

The  stone  adze  of  the  Tahitians, 

when  visited  by  Captain  Cook,  was 

similar  to  those  represented  in  Fig. 

89.     Large  ones  for  cutting  down 

trees  weighed  from  six  to  seven 

Chalam  Adze,      pounds  ;  smaller  ones,  for  carving, 

out  a  few  ounces.     All  of  them 

needed  continual  sharpening,  for  which  purpose  a 

stone  was  kept  in  reaoiness. 

Adzes  are  Imown  as 

FlcU,  when  the  blade  has  a  straight  edge  ; 
Rowndingy  when  the  edge  is  curved  ; 
Notching^    with    a    straight   blade  and  straight 
edge. 

2S-o1i-an.  A  contrivance  attached  to  pianos 
by  which  a  wind  instrument  may  be  introduced  as 
an  accessory  at  the  pleasure  of  the  performer,  air 
bein^  supplied  by  a  bellows  worked  by  a  pedal. 

.S-o'u-an  Harp.  A  species  of  musical  instru- 
ment, the  sounds  of  which  are  produced  by  currents 
of  air  passing  over  its  strings,  which  are  commonly 
fifteen  in  number.     Its  principle  may  be  familiarly 

Pig.  41. 


JBoiian  Harp, 

shown  on  a  large  scale  by  the  action  of  the  tele- 
graph wires  stretched  from  one  pole  to  another. 
On  a  windy  day  especially  these  will  be  found,  by 
any  one  stationed  near,  to  emit  musical  tones  rising 
and  falling  in  proportion  to  the  strength  of  the 
wind,  and  more  or  less  grave  in  proportion  to  the 
tension  of  the  wires. 

Were  the  number  of  wires  increased,  and  their 
length  and  tension  pnroperly  varied,  these  would 
constitute  a  perfect  ^lian. 

A  common  mode  of  construction  is  to  make  a  box  of 
thin  wood  and  of  suitable  length,  to  set  beneath 
a  window-sash.  It  may  be  five  or  six  inches 
in  width  and  depth.  At  one  end  of  the  box  are 
pins  equal  in  number  to  the  strings  employed, 
and  at  the  other  as  many  pegs  ;  the  strings,  be- 
ing made  fast  to  the  pins  at  one  end,  are  tuned 
by  turning  the  p€«8  at  the  other.  The  box 
is  open  on  the  sides  presented  towards  the 
room  and  to  the  exterior  air,  and  the  strings 
are  sounded  by  the  passage  of  the  air  through 
the  box.  Catgut  is  ustudly  employed  for  the 
strings. 

It  is  supposed  to  have  been  invented  by 
John  J.  Schnell,  musical-instrument  maker  to 
the  Countess  d'Artois.  It  was  suggested  by 
the  vibration  of  the  strinfls  of  a  harp  placed 
in  a  breezy  situation.  Exposed  for  sale  in- 
1789  under  the  name  of  Anano  Chords, 
2 


Its  use  was  revived  by  Kircher. 

One  of  the  Talnfuds  says  that  the  harp  of  David 
sounded  when  the  north-wind  blew  on  it,  and  it 
has  been  suggested  that  he  had  an  iBolian,  as  we 
understand  it.  The  sounding  of  his  harp  by  a  gust 
of  wind  would  be  nothing  extraordinary  if  it  stood 
near  his  north  window,  which  was  probably  open 
for  air  and  chosen  for  its  coolness  ana  shade  in  the 
climate  of  Judna.  David  wrote  a  good  deal  in 
praise  of  shade  and  900I  drink. 

.SS-o-U'na.  {^MvMc,)  A  modification  of  the  accor- 
deon,  by  Wheatstbne,  leading  to  the  concertina. 

.Si-ori-pile.    Was  invented  or  first  described  by 
Hero,    of  Alexandria.      It 
was    a    rotary    engine,    in  F***  42. 

which  steam  issued  from 
the  ends  of  bent  arms  and 
by  reaction  rotated  the  hol- 
low shaft  or  sphere  to  which 
the  arms  were  attached. 
S^ro's  engine  revolved  in 
the  Serapion  about  150 
B.  C,  and  many  applica- 
tions for  patents  in  the^ 
United  States  and  other 
countries  have  been  made 
for  the  same  device  within 
a  few  years  past.  Invent- 
ors seem  loth  to  give  up  this 
simplest  form  of  engine, 
but  it  is  not  probable  that 
it  will  ever  prove  a  useful  Hero's  Steam-Emgim, 
or  economical  one. 

The  above  cut  is  copied  from  Hero's  "SpiritaUa," 
edited  by  Woodcroft,  of  London.  See  Steam- 
Enoine. 

Ely's  iEoUpile,  1867,  is  adapted  for  rotating  a 
toy.  It  is  poised  with  its  boiler  on  a  central  verti- 
cal pivot,  and  is  connected  by  a  bend  with  the  shaft 
on  whose  platform  the  toys  are  displayed. 

A  more  serious  attempt  at  applying  the  principle 
of  the  iEolipile  is  Banta's  Rotary  bteam-Engine, 
Afa^  28,  1867.  The  hollow  arms  rotate  in  closed 
cyhnders,  and  their  shafts  are  so  connected  as  to 
be  continuous,  the  packing  of  the  series  being  per- 
formed at  one  operaflon.  The  steam  passes  in  at 
the  axis  of  each,  and  issues  at  a  tangent,  driving 
the  wheel  by  reaction. 

It  is  attempted  to  obtain  the  use  of  the  steam  in 
a  number  of  successive  chambers,  in  apparent  for- 
getfulness  of  the  loss  by  back-pressure.  The  steam 
enters  at  the  left,  and,  issuing  from  one  pair  of 
arms,  escapes  into  the  first  chamber  ;  from  thence  it 
passes  to  the  second  wheel,  so  called,  and  emerges 
mto  the  second  chamber,  and  -so  on.  The  hubs  of 
the  wlicels  are  clutched  together,  so  that  their  cumu- 

Flg.  48. 
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Rotary  Steam-Engine. 

lative  effect  is  eventually  utilized  upon  the  maift 
shaft,  on  which  is  the  pinion.  See  Reaction 
Steam-Engine. 

JES-ol'o-phon.  The  seraphine  ;  the  predecessor 
of  the  melodeon  and  parlor  or^n. 

JB'o-luB.  A  small  ventilating  machine  for  renew- 
ing the  air  of  apartments. 

A'er-a'tor.  1.  An  apparatus  for  making  aerated 
waters.  These  consist  simply  of  pure  water  im- 
pregnated either  naturally  or  artificially  with  gases, 
and  are  used  largely,  when  combined  with  vegetable 
acids  and  sugar,  as  refreshing  refrigerating  beverages 
in  warm  weather,  and  in  medical  practice  during 
feverish  conditions.  The  insipid  taste  of  meltea 
snow  or  rain-water  is  chiefly  due  to  the  small  quan- 
tities of  gases  therein  contained  ;  but  when  such 
water  has  come  in  contact  with  the  atmosphere  by 
trickling  down  a  ledge  of  rocks,  and  rushing  along 
a  boiling,  rapid  stream,  or  being  dashed  to  and  fro 
by  the  winds,  it  absorbs  the  gases  from  the  air  and 
is  naturally  aerated.  Ebullition  dissipates  the  gases 
contained  in  spring-water,  rendering  it  as  flat  and 
insipid  to  the  taste  as  before  it  was  aerated.  The 
waters  of  many  mineral-springs  are  aerated  in  a  natu- 
ral way  by  the  gases  arising  m>m  the  decomposition 
of  minerals  washed  together  from  their  subterranean 
beds.  The  first  attempt  to  prepare  artificial  aerated 
waters  was  made  by  M.  Venel  by  dissolving  in  a  pint 
of  water  two  drachms  of  fossil  alkali  to  which' he 
added  an  equal  quantity  of  muriatic  acid.  He  used 
a  vessel  with  a  narrow  neck  to  prevent  the  escape 
of  gas,  depositing  the  ingredients  in  such  a  manner 
that  they  would  not  communicate  with  each  other 
until  after  the  vessel  was  corked.  In  this  case  the 
gas  evolved  in  a  vial  nearly  full  and  closely  corked 
suffers  such  a  degree  of  compression  as  to  greatly 
promote  its  combination  with  the  water.  M.  Venel 
supposed  that  the  real  ingredient  to  which  it  owed 
these  qualities  was  common  air.  Two  memoirs  of 
his  experiments  were  read  before  the  Royal  Academy 
of  Sciences  in  1750.  Dr.  Priestley  greatly  improved 
upon  the  discoveries  made  by  Venel  and  others,  and 
in  1767  contrived  an  easy  method  of  impregnating 
water  with  the  principle  then  denominated  "fixed 
air,"  by  placing  shallow  pans  of  water  near  the  sur- 
face of  the  fermenting  vessels  of  a  brewery,  which  in 
a  few  hours  became  pleasantly  impregnated  with  the 
escaping  gas.  He  found  upon  experiment  that  the 
impregnation  was  accelerated  by  pouring  the  water 
from  one  vessel  into  another  ;  but  it  did  not  occur 
to  him  till  the  year  1772  that  this  could  be  effected 
by  the  gases  dislodged  from  decomposing  chalk  and 
other  calcareous  substances  confine<l  in  an  air-tight 
Dr.  John  North's  apparatus  for  iii\pregnat- 


ing  water  with  carbonic  acid  was  invented  in  1775. 
Between  the  years  1807  and  1852  thirty-one  Eng- 
lish patents  were  granted  for  apparatus  and  methods 
for  preparing  aerated  water,  and  fifteen  patents  for 
vessels  to  hold  such  waters,  and  for  methods  for 
bottling.  The  most  common  beverage  is  Carbonic 
Acid  WcUer^  generally  spoken  of  as  soda-water, 
though  it  seldom  contains  any  soda.  It  is  pre- 
pared in  large  (Quantities  by  placing  whiting,  chalk, 
or  marble-dust  in  an  air-tight,  lead-lined  vessel  with 
water  and  sulphuric  acid.  The  flulphuric  acid  com- 
bines with  the  lime  to  form  sulphate  of  lime  (plas- 
ter of  Paris),  and  carbonic  acid  is  evolved  as  gas. 
The  latter  is  received  in  a  reservoir,  and  is  after- 
wards forced  into  water  agitated  by  machinery  so 
that  the  latter  absorbs  about  five  times  its  own  vol- 
ume of  the  gas.  The  water  then  constitutes  a  brisk 
sparkling  liquid,  with  a  pungent  but  pleasant  acid- 
ulous taste.  It  may  be  prepared  on  a  small  scale, 
for  family  and  medical  purposes,  by  using  the  appa- 
ratus known  as  the  Gazogene  or  Seitzogene. 

The  complete  apparatus  is  shown  in  Fig.  45,  and 
also  the  separated  jmrts.  The  lower  globe  is  filled 
with  water  by  means  of  the  long  funnel,  and  then 
the  tube  is  closed  by  the  stopper,  and  the  powders, 
consisting  of  bicarbonate  of  soda  and  tartaric  acid, 
are  then  placed  in  the  upper  globe  by  means  of  the 
small  funnel.  The  stopper  is  then  withdrawn, 
and  the  long  tube  is  inserted  and  screwed  closely 


Fig.  46. 


Portable  Soda-Water  AppanUui. 

down.  The  apparatus  is  then  inclined  so  that  the 
upper  globe  is  about  one  third  filled  with  water, 
then  placed  erect  and  allowed  to  stand  two  hours. 
If  the  screw  stopcock  at  the  top 
be  opened,  the  carbonated  water  will  ?i—  ' 

flow  out  readily  into  any  vessel 
placed  to  receive  it.  Occasionally 
bisulphate  of  potash  is  used  in- 
stead of  tartanc  acid,  to  save  the 
expense  of  the  latter.  ^ 

The  devices  which  are  ordinarily  ^ 
called    Soda- Water  ApparattLS,    or 
Soda- Fountains  J  are  those  used  in 
drawing  the  beverage  and  mingling 
it  with   the  flavoring  synips,   etc. 

See  SODA-FOUNTAIN. 

In  the  bottle  for  aerated  liauids, 
patented  by  Warker,  Marcn  18, 
1862,  the  spout  of  the  metallic 
fountain -heaa  is  lined  with  glass  to 
keep  the  liquid  from  contact  with 
the   metal.     The  shoulder   on   the 

top  edge  of  the  neck,  the  alternate  

grooves,  and  the  ridges  on  the  neck  w^j^,  Bottufor 
are  used  to  strengthen  the  attach-  Atrated  Liquids. 
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Wg.  47.  ment  of  the  metallic  cap  to  which 

the  fountain-head  is  screwed. 

In  Pratt's  apparatus  for  aerat^ 

ing  liquids,  September  10,  1867, 

the  plunger  Ki8  a  concavity  which 

cames  down  the  air ;  the  latter 

is  expelled  as  the  plunger  reaches 

-jD  the  convex  bottom,  and  is  driven 

1^  through  the  holes    in  the  tube 

1  and    disseminated    through  the 

'  liquid  in  the  outer  vessel. 

Meglone,  August    14,    1866. 
The  tube  is  introduced  through 
the  cork  ;  the  liquid  enters  holes 
at  its  lower  end,  and  is  discharged 
-  at  the  goose-neck,  when  the  stop- 
J^att*s  Aerator.      cock  is  opened.     The  bottle  may 
be  charged  by  means  of  an  aux- 
iliary tube,  also  passing  through  the  cork,  and  either 
removed  or  closed  when  the  bottle  is  filled  vdth 
the  aerated  liouid. 

The  liquid  contents  of  these  bottles 
may  be  aerated  by  means  of  a  simple  air- 
\  pump  placed  in  temporary  connection 
11  with  the  tube  when  the  eduction  nozzle 
IJ  is  removed  ;  or  chemicals  may  be  intro- 
duced whose  reaction  liberates  gas  when 
they  meet  in  solution.     The  aeration  of 
sparkling    champagne  and  Catawba    is 
produced  by  adding  a  small  amount  of 
white  sugar  to  the  wine  in  bottling,  the 
slight  fermentation  eliminating  alcohol 
therefrom  and  liberating  carbonic  acid- 
gas.     The  effervescing  drinks,   such  as 
ginger-beer,  are  also  dependent  for  their 
ebullition  upon  the  fermentation  of  the 
ingredients  and  the  development  of  the 
same  gas.     Carbonic  acid,  in  moderate 
quantities,   has   a  very   salutary  effect 
upon  the  stomach,  while  it  is  so  fatal 
wnen  breathed  into  the  lungs.     As  "^ 
''after  damp "  or  ** choke  damp  "  of 
miner,  it    has  often  killed  tnose 
survived  the  explosion  of  the  carbur 
At  the  Black  Hole,  near  Calcutta 
killed  one  hundred  and  twenty-four  persons 
were  confined  in  a  room  eighteen   feet  square 
order  of  Dowlah,  Viceroy  of  Bengal,  June  20, 
1756.     As  a  gaseous  result  of  the  combustion 
of  carbon,  —  as  of  charcoal,  for  instance,  —  it 
has  destroyed  the  lives  of  many  who  have 
gone  to  sleep  in  ill-ventilated  rooms. 

Machines  are  made  on  a  large  scale  for 
charging  soda-fountains. 

Cameron's  aerator  has  a  gas-generator  a 
made  of  cast-iron,  lined  with  sheet-lead  to 
prevent  the  action  of  the  sulphuric  acid  upon 
the  iron.  The  vessel  contains  fifteen  gallons, 
and  is  partially  filled  with  water  and  whiting 
or  other  carbonate  of  lime.  The  agitator  o 
is  also  covered  with  sheet-lead,  and  its  stem 
passes  through  a  stuffing-box  c,  at  the  top 
of  the  vessel.  The  acid-holder  e  is  formed 
of  lead,  and  has  a  sapacity  of  two  gallons,  and 
is  partially  filled  with  oil  of  vitriol.  The  acid 
is  kept  from  running  down  into  the  generator 
by  means  of  the  conical  plug/  which  fits  into 
a  conical  seat  in  the  leaden  pipe  g.  This  plug 
is  attached  to  a  rod,  and  moves  up  and  do\^ii 
through  the  stuffing-box  A,  and  is  preventecl 
from  turning  round  by  means  of  a  pin  A:,  mov- 
ing in  a  slit  in  the  bridle  /  ;  the  screw-nut  is 
riveted  loosely  into  the  top  of  the  bridle.  ITie 
pipe  71,  which  forms  a  communication  between 


Soda- Water 
Bottie. 

hydrogen. 


the  top  of  the  acid-holder  e  and  the  pipe  a  in  which  the 
plug-rod  moves,  pi^serves  an  equilibnum  of  pressure, 
so  as  to  prevent  the  acid  from  rising  higher  in  the 
pipe  s  than  the  level  of  the  acid  in  5ie  acid-holder  ; 
by  which  means  the  brass- work  of  the  stuffing-box  is 
preserved  fVom  injury.  To  prevent  any  of  the  sul- 
phuric acid  from  being  carried  over  by  the  efferves- 
cence, an  intermediate  vessel  o,  containing  about 
three  gallons,  is  formed  of  lead  or  lined  with  that 
metal.  The  intermediate  vessel  is  filled  with  water 
above  the  eduction-pipe  from  the  generator  a. 

The  impregnator  v  holds  about  sixteen  gallons, 
and  is  made  of  cast-iron  lined  with  lead,  or  of 
tin-lined  copper,  and  the  agitator  m  is  covered 
with  lead  or  is  made  of  wood.  The  impregnator  is 
filled  to  the  dotted  line  with  water,  to  which,  in 
making  saline  waters,  the  proper  proportion  of  sesoui- 
carbonate  of  soda,  carbonate  of  magnesia,  or  otner 
in^edients  is  added. 

For  the  ordinary  soda-water  no  medicament  is  add- 
ed.  A  pressure-gauge  t  is  connected  by  a  leaden  pipe. 

The  operation  is  as  follows  :  — 

Bv  turning  the  nut  m  the  plug  is  raised,  and  acid 
is  allowed  to  run  into  the  generator  a,  when  it  acts 
upon  the  carbonate,  disengaging  the  carbonic  acid 
gas  in  quantity  proportioned  to  the  amount  of  acid 
admitted.  The  plug  is  again  lowered  when  the  as- 
certained proper  amount  has  entered  the  generator. 
The  gas  passes  bv  the  intermediate  vessel  into  the 
impregnator  i>,  where  it  is  absorbed  by  the  water. 

The  aerated  water  is  drawn  off  from  the  impreg- 
nator into  glass  bottles,  and  tightly  corked ;  or  is 
removed  and  placed  in  connection  with  the  ordinary 
soda-fountain  apparatus  by  which  the  liquid  is 
drawn  into  glasses. 

Bakewell's  soda-water  apparatus  (English)  has 
the  generator  and  impregnator  in  the  same  vessel, 
separated  by  a  diaphragm,  and  connected  by  a  pipe. 

Fig.  49. 


Oameron?8  Afrator. 
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The'  vessel  is  on  trunnions,  and.  is  oscillated  so  as 
to  allow  a  pendulous  stirrer  in  the  lower  vessel  to 
agitate  the  solution  of  the  carbonate  of  lime.  The 
gas  passes  to  the  upper  chamber,  where  it  performs 
a  circuitous  course  in  the  water  which  absoros  it. 
..^  -        „.     ,«  Other  apparatus 

depends  upon  me- 
chanical means  for 
ii\jecting  the  gas 
into  the  water  oy 
_  means  of  a  pump 
or  syringe. 

Many  other  de- 
vices might  be 
cited,  but  tney  con- 
tain substantially 
the  same  parts  un- 
der modified  ar- 
rangements, —  a 
generator  with  a 
means  for  admit- 
ting the  acid,  a  con- 
ductor for  the  gas, 
and  an  impregnator 
in  which  the  water 
is  permeated  by  the 
gas  evolved. 

Thomas's  apparatus  for  bottling  mineral  waters, 
June  18,  1867,  is  applied  directly  at  the  spring. 

The  water  is  drawn  from  a  considerable  depth 
through  a  pipe  let  down  in  the  spring ;  a  perfo- 
rated plate  of  glass  is  placed  in  the  water  below  the 
mouth  of  the  tube,  and  jets  of  gas  from  a  reservoir 
are  dischai^ged  below  the  plate. 

The  object  is  to  charge  mineral-water  with  gas,  or 
to  add  an  extra  supply  of  gas  thereto. 

2.  A  contrivance  for  fumigating  grain  in  bulk,  to 
destroy  fungi  and  insects. 

Fig.  61. 


Appanutusfor  bottling  at  the  l^pring. 


Fontaine^s  Airial  Rmlufoy, 

A-e'rl-al  Car.  A  car  adapted  for  traveling  in 
the  air. 

The  name  is  somewhat  loosely  applied,  and  may 
mean  one  of  three  things  :  — 

1.  The  basket  or  receptacle  of  a  balloon. 

2.  A  car  whose  weight  is  partially  or  entirely 
counterbalanced  by  a  balloon,  and  which  travels  on 
wires  by  means  of  driven  wheels.     See  next  article. 


8.   A  car  on  an  elevated  railway. 

A-e'ri-al  Rail'way.  An  attempt  to  govern  the 
balloon  or  aerostat  by  guiding  rails  or  wires 
stretched  between  posts. 

Fontaine's  Aerial  Railway,  February  5,  1867, 
may  be  taken  as  a  sample. 

The  weight  of  the  car  is  counterbalanced  by  an 
attached  balloon.  The  cigar-shaped  car  is  driven  by 
steam,  the  deeply  indented  side-wheels  travelling  up- 
on wires  which  rest  upon  brackets  whose  flanges  pro- 
ject into  the  circumferential  depressions  in  the  wheels. 

The  wire-way  supported  on  posts  has  been  adopted 
for  carrying  freight.     See  Wire- way. 

A'e-ro-njr'dro-dy-nain'io  "Wheel.  A  mode 
of  transmitting  power  to  great  distances  proposed  by 
a  Belgian  engineer,  Mr.  CaUes.  The  plan  of  Mr. 
Calles  is  to  make  use  of  air  under  a  certain  degree 
of  compression  as  the  vehicle  of  the  force  to  be  trans- 
mitted, not  by  accumulating  the  air  thus  employed 
in  reservoirs,  but  by  driving  it,  by  the  operation  of 
the  original  motor,  directly  mto  a  tube  extending  to 
the  point  of  final  application,  where  it  is  to  be  dis- 
charged beneath  a  wncel  submei*ged  in  water,  which, 
it  is  to  turn  by  its  ascensional  force.  See  Air  as  a 
Means  of  transmitting  Power. 

A'er-om'e-ter.  An  instrument  invented  by  Dr. 
M.  Hall,  for  ascertaining  the  mean  bulk  of  air  or 
gases  in  pneumatic  experiments. 

It  consists  of  a  bulb  of  glass  of  four  and  one  half 
cubic  inches'  capaci^,  blown  at  the  end  of  a  long 
tube  whose  capacity  is  one  cubic  inch.    This  tube  is 
inserted  into  another  tube  of  nearly  equal  length, 
which  is  supx)orted  on  a  sole,  and  the  first  tul^  is 
sustained  at  any  required  height  within  the  second 
by  the  pressure  of  a  spring.      Five  cubic  inches  of 
atmospheric  air,  at  a  medium  density  and  tempera- 
ture, are  introduced  into  the  bulb  and  tube,  ot  the 
latter  of  which  it  will  occupy  one  half.    The  other 
half  of  this  tube- and  part  of  the  tube  in  which  it  is 
inserted  are  occupied  oy  the  liquid  of  tlie  pneumatic 
f-rmirrK      T>ift  n/tinf.  r%f  iha  tubc  at  which  thc  air  and 
le  figure  5  to  denote  five 
md  lower  halves  of  the 
3  five  parts,  representing 
The  external  tube  has  a 

. )    A  light  gauze  or  imi- 

50  N. 

A^e-roHiteam  En'- 
g;ine.  An  engine  in 
which  the  expansive 
power  of  combined  heat- 
ed air  and  steam  is  used 
in  driving  a  piston. 

The  Air  Eiigiiie  fol- 
lowed closely  in  the  wake 
of  the  Watt  Steam-En- 
gine. 

Oliver  Evans,  during 
the  latter  portion  of  the 
last  century,  suggested 
the  combination  of  the 
"^  heated  gases  and  air 
with  the  steam,  as  a 
motor.  He  called  it  a 
Volcanic  Engine,  which  see. 

Glazebrook  used  moistened  hot-air  in  his  Air 
Engine,  English  Patent,  1797.  See  Air  En- 
gine. 

The  air  is  moistened  before  reaching  the  cylinder 
in  Paine's  Engine,  United  Sutes  Patent,  November 
30,  1858.  In  this  case  it  is  the  cool  refrigerated  air 
that   is  moistened,    and   the   amount   of  moisture 


Digitized  by 


Google 


AERO-STEAM  ENGINE. 


21 


AERO-STEAM  ENGINE, 


would  be  very  far  below  saturation  when  the  air 
came  to  be  heated. 

The  same  may  be  said  of  Glazebrook's,  1797,  with 
the  additional  remark  that  Glazebrook  condensed 
the  air  in  the  preliminary  process,  before  exposing 
it  to  moisture,  so  that  the  heat  incident  to  its  con- 
densation would  enable  it  to  absorb  more  water,  but 
still  far  less  than  would  be  sufficient  to  saturate  it 
when  it  came  to  be  heated  by  the  furnace. 

Fig.  62. 


Bennett^s  AmsUam  Bngiiu. 

Bennett,'  United  States  Patent,  August  8,  1888, 
introduced,  or  at  least  adopted,   two  new  features  : 
1.  He  conducts  the  incoming  charge  of  air  to  the 
furnace,  and  makes  it  the  means  of  maintaining  com- 
bustion under  pressure ;  2.  The  furnace  is 
air- tight,  and  the  volatile  results  pass  through 
the  steam-boiler,  are  washed,  and  pass,  fully 
saturated,  to  the  cylinder.   See  Air  Engine. 

The  steam  and  air  might  have  been  com- 
bined in  any  rec^uired  relative  ratio  in  this 
boiler,  but  the  inventor  does  not  appear  to  . 
have  supposed  any  specific  proportion  was  I 
necessary,     a  a  is  a  vertical  cylinder  con- J 
stituting  the  shell  of  the  boiler,  b  b  a  small- 1 
er  cylinder  placed  within  the  former  and  ' 
forming  the  furnace  and  ash-pit;  this  is  . 
entirely  surrounded  by  water,     c  is  a  tube 
connected  with  a  blowing-machine,  and  hav- 
ing two  branches  d  and  e,  —  the  former  of 
which  admits  a  portion  of  air  above  the  fuel, 
and  the  latter  a  portion  into  the  ash-pit 
below  the  fire-bars.      Two  throttle-valves, 
or  dampers,  //,  are  provided  to  regulate 
the  draft  through  each  Dranch.     pr  is  a  short 
cylindrical  neck,  through  which  the  smoke 
and  heated  air  pass  into  the  steam-chaQi- 


ber,  where  they  mix  wij;h  the  steam,  and  with 
it  pass  to  the  working  cylinders.  The  neck  g  is 
covered  with  a  valve  n  opening  upward,  the  sides 
of  which  are  turned  down  to  cause  the  heated  air  to 
pass  through  the  water,  and  thereby  give  out  a 
portion  of  its  heat  to  the  latter  ;  this  also  serves  to 
wa^  the  heated  air  and  arrest  grit  which  would 
injure  the  cylinder  and  piston,  t,  a  safety-valve,  k, 
a  valve  by  which  the  pipe  that  conveys  the  steam 
to  the  engine  can  be  closed  when  required ;  Z,  the 
pipe  by  which  the  water  is  conveyed  to  the  boiler 
from  the  feed-pump  ;  the  end  of  this  pipe  enters  the 
boiler  and  delivers  the  water  on  to  the  top  of  the 
valve  h ;  this  is  with  a  view  to  prevent  the  valve 
becoming  excessively  heated  by  the  action  of  the 
fire,  m  is  the  fuel-spout  by  which  coal  is  intro- 
duced into  the  fireplace  ;  on  it  is  bolted  the  hopper 
n,  having  at  its  upper  end  a  flat  sliding  valve  o, 
and  another  one  p  at  its  lower  end ;  these  valves 
slide  in  grooves,  and  are  moved  by  me^s  of  racks 
and  pinions.  They  are  ground  to  their  seats  so  as 
to  make  air-ti^ht  joints^  and  during  the  whole  time 
the  engine  is  in  operation  the  coal-hopper  is  kept 
dosed  oy  one  or  other  of  these  valves.  In  kin- 
dling the  fire  the  valves  o  and  p  are  both  opened, 
lighted  kindling  is  dropped  through  the  chute,  and 
then  a  quantity  of  fuel.  The  valves  are  then  closed, 
the  blower  started.  When  the  engine  is  set  to  work, 
it  forces  air  into  the  furnace  both  above  and  below 
the  fuel  at  each  stroke,  which,  having  no  vent  to 
escape  but  at  the  valve  A,  accumulates  in  the  fur- 
nace until  its  pressure  somewhat  exceeds  that  of  the 
steam  upon  the  valve  h,  when  it  lifts  the  valve,  and, 
rising  up  through  the  water,  mixes  with  the  steam, 
and  passes  along  with  it  to  the  engines.  ^  is  a 
slider,  by  opening  which  the  ashes  from  the  furnace 
can  be  withdrawn  ;  when  this  is  requisite  the  dam- 

Eers//  must  be  first  closed,  v  is  the  blow-oflf  cock, 
y  which  the  water  can  be  discharged  from  the 
boiler  when  req^uired,  and  w  is  a  hole  covered  by  a 
door  for  removing  any  mud  which  may  have  accu- 
mulated. At  a;  is  a  glass  gage  to  show  the  height 
of  the  water  in  the  boiler,  and  at  y  is  a  glass  eye- 
piece through  which  the  state  of  the  fire  can  be 
ascertained,     z  is  the  man -hole  of  the  boiler. 

William  Mont.  Storm's  experiments  in  com- 
bined air  and  steam  covered  the  period  1851  -  55,  and 
perhaps  later.  His  Cloud  Engine,  in  which  steam 
and  air,  in  a  condition  resembling  fog,  were  used 
to  propel  a  piston,  was  exhibited  at  the  fair  of  the 
American  Institute,  New  York,  in  1866.  The  ma- 
chine appears  to  have  failed  to  realize  the  expecta- 
nt 68. 
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lions  of  the  inventor.  There  was  a  lack  of  adjust- 
ment somewhere,  it  may  be  supposed,  but  the  end 
is  not  yet. 

In  Washburn's  Air-Heater  and  Steam-Generator, 
United  States  Patent,  September  5,  1865,  the  air  is 
also  introduced  under  pressure  into  the  furnace,  and 
then  passed  through  a  cleansing- tank  before  being 
added  to  tiiie  steam  evolved  in  the  coil  of  pipe  which 
constitutes  the  steam-generator.  In  this  apparatus 
full  saturation  is  obtained.  See  illustration  m  Air 
Engine. 

Stillman's  Hot  Air  and  Steam  Generator,  August 
9,  1864,  has  also  the  combination  of  air  and  steam. 

BiCK ford's  Patent,  June  6,  1866,  may  also  be 
examined  in  this  connection. 

In  T anger's  Steam  Generator,  December  4,  1866, 
the  air  is  injected,  into  the  pipes  E  and  /  by  means 
of  a  force-pump,  and  after  being  heated  while  passing 
through  tne  convolutions  of  the  pipes  F  and  J,  is 
forced  into  the  boiler  by  nipples,  as  shown  at  K. 

In  Tarr's  Aero-Steam  Engine,  1867,  the  air  is 
heated  within  the  furnace,  and  is  thence  forced 
through  the  pipe  into  the  steam-chest,  where  it  min- 
gles with  the  steam  coming  through  the  pipe  ;  and 
the  mixture  of  steam  and  hot  air  is  by  means  of  a 
slide-valve  admitted  alternately  above  and  below 
the  piston  in  the  ordinary  way,  so  as  to  produce  the 
usual  reciprocating  motion. 

Warsop's  En^e  (English),  1869,  is  started  by 
steam  in  the  ordmary  manner.  A  jingle-acting  air- 
pump,  worked  from  the  crank  shaft,  compresses  air 
to  a  little  more  than  the  boiler  pressure ;  the  air 
then  passes  through  a  long  circuit  of  straight  and 
coiled  pipe,  which  traverses  the  exhaust-pipe,  makes 
several  spiral  coils  in  the  chimney,  then  descends  at 
one  side  of  the  fire-box,  is  exposed  to  the  full  fire, 
and  finally  passes  by  a  valved  opening  into  the 
boiler  at  the  bottom  of  the  water-space. 

Warsop's  object  is  similar  to  that  of  several  of  his 
predecessors,  to  make  steam  assist  the  ex|)ansive 
force  of  air,  and  to  avoid  the  difficulties  of  lubrication 
incident  to  the  use  of  hot  air  alone.  He  attempts 
to  obtain  the  maximum  effect  from  mixed  air  and 

Fig.  54. 


steam  by  instituting  a  certain  approved  proportion 
between  the  t^'o.  It  is  ouite  probable  that  such  a 
ratio  may  be  found,  and  tnat  it  may  secure  substan- 
tial economical  advantages. 

The  pipe  A^  through  which  the  air  is  forced  into 
the  boiler  by  the  action  of  the  air-pump,  is  of  iron, 
and  is  1^  inches  in  diameter  outside,  and  1 J  inch 
bore.  On  leaving  the  pump  the  pipe  is  first  led  to 
the  heater  By  shown  on  the  left  oi  the  engraving^ 
whebein  it  is  exposed  to  the  exhaust  steam.  The 
heater  consists,  as  will  be  seen,  of  a  cast-iron  cylin- 
drical vessel  placed  in  a  vertical  position  and  pro- 
vided with  two  branches  —  one  near  the  bottom  and 
the  other  near  the  top  —  through  which  the  exhaust 
steam  respectively  enters  and  escapes  from  the  cas- 
ing. At  the  top  of  the  heater  is  placed  a  small 
cylindrical  tank  J),  exposed  at  the  bottom  and  sides 
to  the  exhaust  steam,  and  perforated  around  the 
upper  part  of  the  sides,  so  that  in  the  event  of  its 
receiving  an  excess  of  water  the  latter  may  overflow 
and  fall  to  the  bottom  of  the  heater.  Through  a 
stuffing-box  at  the  bottom  of  the  tank  there  passes 
a  tube  with  a  rose  E  at  the  lower  end,  this  tube 
being  carried  by  a  float  Fj  which  swims  in  the 
water  at  the  bottom  of  the  heater,  as  shown,  and, 
by  means  of  a  cord  passing  from  the  top  of  the  tube, 
works  a  cock  Cr,  which  regulates  tne  supply  of 
water  to  the  tank  at  the  top  of  the  heater. 

The  air-pipe  A^  after  leaving  the  heater  just 
described,  passes  along  the  exhaust-pipe  C  to  the 
chimney  H,  and,  descending  the  latter  spirally,  as 
shown,  passes  into  the  flue  beneath  tne  boiler. 
Here  it  is  led  backward  and  forward,  as  shown  in 
the  plan,  and  after  making  several  convolutions  in 
the  smoke-box,  is  led  back  to  the  front  of  the  boiler, 
where  it  communicates  with  a  valve-box,  contain- 
ing an  ordinary,  light  clack-valve.  The  object  of 
this  valve  is  to  prevent  water  from  entering  the  air- 
pipe  when  the  engine  is  stopped.  From  l£e  valve- 
hox  a  pipe  is  led  down  witnin  the  boiler  to  the 
bottom  of  the  latter,  this  pipe  being  perforated  at 
intervals  on  the  upper  side.  The  perforations  are 
placed  closer  together  at  the  farther  end  of  the 

pipe  than  they 
are  at  the  end  at 
which  the  air  en- 
ters, and  by  this 
means  an  equable 
y/  distribution  of  the 
'//  air  at  the  differ- 
//  ent  parts  of  the 
//.  boiler  is  insured. 
;^  The  lengths  of 
y,  the  various  por- 
y/  tions  of  the  air- 
y/  pipe  are  as  fol- 
'//  lows  :  In  feed- 
%  water  heater,  12 
/a  feet ;  in  exhaust- 
///  pipe,  18  feet  6 
7/  inches  ;  in  chim- 
y/  ney  and  flues,  in« 
/'  eluding  coils  in 
^  smoke  -  box  and 
■//  under  boiler,  58 
^ feet; total,  88 feet 
ji  6  inches.  The 
y-  total  external  sur- 
'^^face    exposed   by 


Wanop'**  Aero- Steam  Engine- Boiler. 


^^Hhis  pipe  is  thus 

lA     The    principal 
dimensions  of  the 


'//  about  862  square 

I  feet. 
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boiler  are  as  follows  :  Len^h,  8  feet ;  diameter  of 
shell,  3  feet  6  inches ;  diameter  of  fire-box  flue, 
2  feet  2  inches  ;  length  of  fire-box  and  combustion - 
chamber,  5  feet ;  and  length  of  tubes,  3  feet.  The 
tubes  are  41  in  number,  most  of  them  being'  2g 
inches,  and  some  of  them  2A  inches  diameter. 
The  total  effective  heating  sunace  exposed  by  the 
boiler  is  about  130  square  feet. 

JB'thi-opft  Min'er-aL  A  compound  of  sulphur 
and  mercury,  so  called  on  account  of  its  blacl^ness. 
The  black  sulphuret  of  mercuiy,  formed  by  tritu- 
rating together  mercury  and  sulphur  until  the  two 
combine  and  form  a  black  powder. 

iE^thri-  o  -  scope. 


Fig.  66. 


JBtkrio»cop$. 


An  instrument  for 
measuring  the  degrees 
of  cold  arising  from 
exposure  under  dif- 
ferent conditions  of  the 
sky.  A  highly  pol- 
ished metallic  cup  or 
concave  *  mirror  is 
placed  upon  a  pedestal 
of  convenient  hight, 
and  a  differential  ther- 
mometer is  placed 
within  it  so  that  one 
of  the  bulbs  of  the 
thermometer  shall  be 
exactly  in  one  focus  of 
the  mirror  ;  the  other 
bulb  being  not  in 
either  focus  is  not  af- 
fected by  the  pulsa- 
tions, the  effects  of 
which  on  the  cup  are 
concenti-ated  upon  the 
first  bulb,  the  air  in 


which  being  suddenly  contracted  upon  its  exposure 
to  a  clear  sky,  the  liquid  in  that  branch  of  the  stem 
is  caused  to  rise.  The  cup  is  kept  covered  with  a  me^ 
tallic  plate,  except  at  the  moments  of  observation. 

Af  fi-nage.  The  act  of  refining  or  making  purer, 
as  the  affinage  of  metals. 

Aft'er-rake.  The  part  of  the  stem  which  over- 
hangs  the  keel. 

Aft'erHiall.  (Nautical.)  A  sail  whose  center  of 
effort  is  abaft  the  general  center  of  effort  of  all  the 
sails.  Head-sails  are  relatively  before  the  said 
point,  and  by  means  of  these  head  and  after  sails  a 
ship  may  be  maneuvred. 

Aft'er-tlm'bers.  {Shipbuilding.)  1.  Radiating 
cant'frames,  abaft  the  fashion-pieces  and  below  the 
wing-transom,  stepped  partly  on  the  dead-wood  and 
partly  on  stepping- pieces  bolted  to  the  sides  of  the 
inner  stem-post. 

2.   Those  abaft  the  midship  section. 

Ag^a-ba'nee.  {Fabric)  Cotton  embroidered  with 
silk,  made  in  Alep)x>. 

Ag'ate.  (Printing.)  1.  A  size  of  type  between 
Pearl  and  Nonpareil ;  called  Ruby  in  England. 

Agate,  or  Baby. 
NonparelL 

2.  The  draw-plate  of  the  gold-wire  drawers ;  so 
called  because  the  drilled  eye  is  an  agate. 

3.  The  pivotal  cup  of  the  compass-card. 
Age'ing.     (Pottery.)    The  storage    of  prepared 

clay,  to  allow  it  time  to  ferment  and  ripen  before 
using.^  The  sUp^  consisting  of  levigated  clay  and 
flint,  is  mn  in  a  thin  solution  through  sieves  and 
brought  to  a  creamy  consistence.  Tnis  is  boiled 
down  to  give  it  more  solidity,  and  is  then  stored 
away,  sometimes  for  years,  being  occasionally  cut 


out  in  chunks  and  slapped  to  expel  air  and  develop 
the  plasticity.  During  the  ageing  process  a  slight 
fermentation  occurs,  carbonic  acid  and  sulphureted 
hydrogen  are  disengaged,  and  the  mass  is  improved 
in  texture  and  Quality.  The  clay  is  thus  allowed 
to  temper  in  cellars  or  under  cover,  sometimes  for 
several  years. 

In  China,  a  potter  prepares  the  clay  for  the  sue- 
ceeding  generation  while  working  up  that  be- 
queathed to  him  by  his  ancestors. 

(Wine  and  Liquors.)  Devices  for  this  purpose 
subject  the  liquid  to  heat  and  agitation ;  some  of 
them  using  the  combined  action  of  heat,  electricity, 
and  attrition.     See  Wine-ageino  Apparatus. 

(Cali/u)  Printing.)  The  exposure  of  printed  cali- 
coes in  a  sufliciently  moist  and  warm  air  to  allow 
the  colors  to  permeate  and  mature.  An  apparatus 
was  patented  by  Thom,  England,  for  applying  air 
loaded  with  moisture  of  a  given  temperature  to  the 
printed  fabric,  which  is  then  folded  and  allowed  to 
rest  for  a  few  hours  in  that  condition. 

A-giBt'ment  A  dike  or  embankment  to  prevent 
the  overflow  of  land  abutting  upon  a  streamer  the  sea. 
,Ag'i-ta'tor.    A  rotating  beater  or  armed  shaft  for 
mixing  and  disturbing  articles  mechanically  sus- 
pended in  water,  such  as 

The  pulp  in  the  stuff-chest  of  a  paper-machine. 

The  mash  in  the  mash-tub  of  a  brewery. 

The  mixture  of  starch,  sugar,  etc.,  and  water,  in. 
the  washing  process  of  starch-maldng. 

Ag'rl-cuLlt'ur-al  Im^ple-ments.  These  are 
treated,  as  fully  as  the  limits  will  permit,  under  their 
respective  heads  ;  it  is  needless  to  repeat  here  the 
history  of  their  propessive  development  or  the 
order  of  their  succession.  See  the  following,  under 
their  respective  heads  :  — 

Agricultural  and  Husbandry  Implements,  eto. 


Aberuncator. 

Animal-clutch. 

Animal-poke. 

Apiary. 

Atmospheric  chum. 

Auger.     Earth-boring. 

Aveler. 

Averancator. 

Awner. 

Bagasse-dryer. 

Bag-fastener. 

Bag-holder. 

Bag-tie. 

Bale-tie. 

Baling-press. 

Band  for  baling. 

Band  for  binding  grain. 

Band-cutting  machine. 

Barking-tools. 

Barley-chumper. 

Barley-fork. 

Barlev-huller. 

Bar-share  plow. 

Basket. 

Bean-harvester. 

Bean-mill. 

Bee-feeder. 

Bee-fumigator. 

Beehive. 


Binding    attachment 

harvesters. 
Binot. 
Blade. 
Bob-sled. 
Bog-cutting  plow. 
Bott-hammer. 
Bow.     Ox 
Braking-machine. 
Branding-tool. 
Breast-plow. 
Brier-scythe. 
Broach. 

Broadcast-sower. 
Bruising-machine. 
Brash-piuller. 
Buggy-cultivator. 
BuU-nose  ring. 
Bush-harrow. 
Bush-^ylhe. 
Butter-mold. 
Butter-tongs. 
Butter-worker. 
Calorifier. 
Cane-harvester. 
Cane-scraper. 
Cane-stripper. 
Cattle-feeder. 
Cattle-leader. 


for 


Beehive,  swarm-indicator  Cattle-pump. 

for  Cattle-stall. 

Bee-tax.  Cattle-tie. 

Belly-roll.  Caving-rake. 

Bill.  Chaff-cutter. 

Bill-hook.  Cheese-cutter. 

Binder.  Cheese-hoop. 
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Cheese-knife. 

Cheese-shelf. 

Cheese- vat. 

Chessel. 

Chicken-msing  appara- 
tus. 

Chopness. 

Chopper. 

Chum. 

Chum-dasher. 

Chum-power. 

Cider-mill. 

Cider-press. 

Clevis. 

Clod-crusher. 

Clover-harvester. 

Clover-huller. 

Clover-thrasher. 

Clutch  for  catching  ani- 
mals. 

Cockle-separator. 

Colter. 

Com-coverer. 

Corn-crib. 

Com-cultivator. 

Corn-cutter. 

Com-harp. 

Com-harvester. 

Cora-huUer. 

Com-husker. 

Corn-husk  splitter. 

Corn-knife. 

Corn-planter. 

Com-plow. 

Corn-row  marker. 

Com-sheller. 

Com-shocking  machine. 

Corn-stalk  cutter. 

Com-stripping  knife. 

Cotton-brush  chopper. 

Cotton-chopper. 

Cotton-cultivator. 

Cotton-gin. 

Cotton-picker. 

Cotton-press. 

Cotton-scraper. 

Cotton-seed  cleaner. 

Cotton-seed  planter. 

Cotton-seed  preparing. 

Cotton-topper. 

Cow-milker. 

Cradle. 

Cranbeny-gatherer. 

Cream  slice. 

Croom. 

Cultivator. 

Cultivator  plow. 

Curculio-trap. 

Curd-breaker. 

Curd-cutter. 

Cutter.    Harvester 

Cutting-box. 

Diamond  plow. 

Dibble. 

Dibbling-machine. 

Digger. 

I^iggipg-Q^t^hine. 

Ditching-machine. 

Ditching-plow. 

Ditching-tools. 

Double  plow. 

Double-mold-boerd  plow. 

Double  shovel  plow. 

Drag. 


Draining-plow. 

Drill.     Barrow. 

Drill.     Grain. 

Drill.     Harrow. 

Dropper. 

Dumping-reel. 

Dung-fork. 

Dung-hook. 

Edging  shears. 

Egg-hatchinff  apparatus. 

Expanding  plow. 

Fanniug-mill. 

Feed-bag. 

Feed-cutter. 

Feed-rack. 

Fence. 

Fence-jack. 

Fence-post. 

Fence-post  driver. 

Fertilizer-sower. 

Fiddle. 

Finger. 

Flafl. 

Flax-brake. 

Flax-puller. 

Flax-scutcher. 

Flax-thrasher. 

Flax-washer. 

Fleece-folder. 

Flower-pot. 

Fork. 

Fork.     Horse  hay- 

Frait-dryer. 

Fruit-frame. 

Frait-ffatherer. 

Fmit-Jadder. 

Fruit-picker. 

Frait-preserving  house. 

Fruit-press. 

Fumigator. 

Furro  wing-plow. 

Ga^  wheel. 

GaUows. 

Gang-cultivator. 

Gang-plow. 

Garden  ladder. 

Garden  shears. 

Garden  syringe. 

Garlic-separator. 

Gate. 

Gate-post. 

Gaveung  attachment    for 

harvesters. 
Grafting-chisel. 
Grain-binder. 
Grain-bruiser. 
Grain-cleaner. 
Grain-conveyer. 
Grain-cradle. 
Grain-drill. 
Grain-dryer. 
Grain-fork. 
Grain-harvester. 
Grain-rake. 
Grain-sacker. 
Grain-screen. 
Grain-separator. 
Grain-shovel. 
Grain -thrasher. 
Grain-wheel. 
Graip. 
Granary. 
Grapery. 
Grape-trellis. 


Grass-harvester. 

Grass-seed  separator. 

Ground  auger. 

Gmbber. 

Gmbbing-axe. 

Gmbbing-hoe. 

Guard  finger. 

Hackling-machine. 

Hair-clipping  shears. 

Hand-cultivator. 

Hand-planter. 

Harie. 

Harrow. 

Harvester  rake. 

Harvesting-machine. 

Hasp. 

Hay-band  machine. 

Hay-cutter. 

Hay-fork. 

Hay-knife. 

Hay-loader.. 

Hay-press. 

Hay-rack. 

Hay-rake. 

Hay-raker  and  cocker. 

Hay-spreader. 

Hay-stacker. 

Hay-tedder. 

Hay-unloader. 

Heading-machine. 

Hedge-planter. 

Hedge-clipper. 

Hedge-shears. 

Hedging  tools. 

Hemp-brake. 

Hemp-harvester. 

Hen's-nest. 

Hink. 

Hive. 

Hoe. 

Hoe.    Horse. 

Hoe-plow. 

Hog-elevator. 

Hog-hook. 

Hog-nose- trimmer. 

Hog-ring. 

Hog-scalding  tub. 

Honev-strainer. 

Hop-frame. 

Hopple. 

Hop-pole. 

Hop-press. 

Horse  hay-fork. 

Horse-hoe. 

Horse-power. 

Horse-rake. 

Horseshoe. 

Hot-bed  frame. 

Humbug. 

Hummeling  machine. 

Hurdle. 

Husker. 

Husking-peg. 

Incubator. 

Insect-exterminator. 

Insect  trap. 

Jumper. 

Kibbling-machine. 

Lacton\eter. 

Lactoscope. 

Ladder. 

Land-paring  machine. 

Lap-ring. 

Lard-cutter. 


Lard-renderer. 

Lawn-mower. 

Layering  implements. 

Leveler. 

Lime-spreader. 

Manger. 

Manure-drag. 

Manure-driU.    Liquid 

Manure-fork. 

Manure-hook 

Manure-loader. 

Manure-spreader. 

Marking-plow. 

Mattock. 

Maul. 

Milk-can. 

Milk-cooler. 

Milking  apparatus. 

Milk-rack. 

Milk-shelf. 

Milk -strainer. 

Milk-vat 

Mole-plow. 

Mollebart. 

Moth-trap. 

Mower. 

Muck-fork. 

Muck-rake. 

Muzzle. 

Nib. 

Osier-peeler. 

Ox-shoe. 

Ox-yoke.    (See  Yoke.) 

Paring-plow. 

Peanut-digger. 

Pea-rake. 

Peat-machine. 

Peeling-iron. 

Pickaxe. 

Picker.     Cotton 

Picket. 

Pitchfork. 

Planter. 

Plow  (varieties ;  see  Plow). 

Plow-cleaner. 

Poke. 

Portable  fence. 

Post-auger. 

Post-driver. 

Post-hole  borer. 

Post-hole  digger. 

Post-jack. 

Post-puller. 

Potato-digger. 

Potato-h(K»k. 

Potato-planter. 

Potato-scoop. 

Potato-separator. 

Poultry-feeder. 

Powder-blower. 

Prairie-plow. 

Propagating-box. 

Pruning-shears. 

Pmning-tools. 

Rack. 

Rake. 

Raker  and  loader. 

Rake-harvester. 

Rake.    Horse  hay. 

Reaper. 

Reaping-hook. 

Reaping-machine. 

Reel.     Harvester 

Reversible  plow. 
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Rice-cleaner. 

Riddle. 

Ridging-plow. 

Ripple. 

Roller.     Land 

Root-bruiser. 

Root-ontter. 

Root-dif^ger. 

Root-gnnder. 

Root-washer. 

Rotary  cultivator. 

Rotary  digger. 

Rotary  harrow. 

Rotary  plow. 

Rotary  spader. 

Rudder. 

Sap-bucket. 

Sap-bucket  hook. 

Sap-roile. 

Scarifier. 

Scoop. 

Scraper. 

Scume-hoe. 

Scuffler. 

Scythe. 

Seed-drill. 

Seeding-machine. 

Seedinff-plow. 

Seed-planter. 

Seed-sower. 

Separator. 

Share. 

Shears.     Pruning 

Shears.     Sheep. 

Sheep-dippinff  apparatus. 

Sheep-foot  trimmer. 

Sheep-holder. 

Sheep-rack. 

Sheep-shearing  machine. 

Sheep-shearing  table. 

Sheep-shears. 

Sheep- washing  apparatus. 

Sheller.     Com 

Shovel. 

Shovel  plow. 

Sickle. 

Side-hill  plow. 

Sinffle-shovel  plow. 

Skeleton  plow. 

Skid. 

Skim-colter  plow. 

Skinning  apparatus. 

Slaughtering  apparatus. 

Smoke-house. 

Smut-machine. 

Snath. 

Snouter. 

Snout-ring. 

Snow-shovel. 

Sod-cutter. 

Sod-plow. 

Sorghum-evaporator. 

Sorghum-stripper. 

Sower. 

Spade. 


Spading-machine. 

Spud. 

Stable-cleaner. 

Stack-borer. 

Stacker. 

Stacking  derrick. 

Stack-stand. 

Staddle. 

Stalk-cutter. 

Stalk-puUer. 

Stall. 

Steam-engine.  Agricultu- 
ral 

Steam-plow. 

Stock-feeder. 

Stocks  for  refractory  ani- 
mals. 

Stone-boat. 

Stone-ffatherer. 

StraddSe-plow. 

Straw-carrier. 

Straw-cutter. 

Stubble-turner. 

Stum^extractor. 

Subsoil  plow. 

Sugar-cane  planter. 

Sulky  plow. 

Sward-cutter. 

Swather. 

Sweet-potato  cultivator. 

Swing-moldboard  plow. 

Swing  plow. 

Tedder. 

Tether. 

Thatching. 

Thistle-digger. 

Thrasher. 

Tobacco-curing  apparatus. 

Tormentor. 

Track-clearer. 

Transplanter. 

Treble-shovel  plow. 

Tree-digger. 

Tree-protector. 

Tree-remover. 

Tree-scraper. 

Trellis. 

Trowel. 

Turf-cutter. 

Turnip-puller. 

Tumwrest  plow. 

Vegetable-cliopper. 

Vegetable-slicer. 

Vegetable-washer. 

Weeding-hoe. 

Wheel-colter 

Wheel-cultivator, 

Wheel-plow. 

Whitening-machine. 

Willow-peeler. 

Winnowing-machine. 

Wool-packer. 

Wool-packing  table. 

Wool-press. 

Yoke. 


Ag'rl-oalt'ar-al  Steam'-en'gine.  A  steam- 
engine  specifically  adapted  for  use  in  thrashing  and 
some  other  farm  operations.  Its  principal  j)eculiar- 
ity  consists  in  compactness  and  portabihty.  See 
Portable  Steam-Enoine. 

Aioh'B  Met'aL  An  alloy  of  copper,  zinc,  and 
iron,  used  for  guns.     Patented  in  England,  Febru- 


ary 8,  1860,  by  Johann  Aich,  Imperial  Arsenal, 
Venicf  .*    It  is  composed  as  follows  :  — 
Copper,      .        .     60. 
Zinc,      .        .        88.125 
Iron,  .1.5 

It  resembles  the  Keir  metal,  English  patent,  De- 
cember 10,  1779,  which  lias,  — 

Copper,  .        .     100 )  (100 

Zinc,    .        .  75  >   or,  ^    80 

Iron,       .        .10)  (10 

Also  the  sterro-metal  of  Rosthom,  Austria,  1861^ 
which  has,  — 

Copper,    .        .     56.04 )  ( 57.68 

Tin,      .        .  0.83  f   ^,    )    0.15 

Zinc,         .        .     42.86  (   ^^*    140.22 

Iron,     .        .  1.77)  (    1.86 

Austrian  navy  brass  has,  - 

Copper, 

Zinc, 

Iron, 

Chinese  Packfong  has,  — 

Copper, 

Zinc, 

Iron, 

Nickel,  . 

See  Alloy. 

Ai'guiUe.  A  needle.  Among  masons,  a  stone- 
boring  tool.     A  priming- wire. 

Aim-frontlet.  A  piece  of  wood  hollowed  out  to 
fit  the  muzzle  of  a  gun,  so  as  to  make  it  level  with 
the  breech,  formerly  in  use  among  gunners.  Wood- 
en front-sights  on  a  similar  principle  are  still  used 
on  board  ship  in  case  of  emei^genc^,  as  when  an  acci- 
dent ocdurs  to  the  proper  metal  sights. 

Afr  and  Steam  Bn'gine.  See  A^ko-Steam 
Engine. 


60. 
88.12 
1.8 

40.04 

25.4 

2.6 

8L6 


Afr  Applianoes  and 

Acetifier. 

Acoustic  instruments.    • 

Acoustic  telegraph. 

iEolus. 

Aerator. 

Aerial  railway. 

Aero  -  hydro  -  dynamic 
wheel. 

Aerostat. 

Aero-steam-engine. 

Air  and  steam  engine. 

Air  as  a  means  of  trans- 
mitting power. 

Air  as  a  water-elevator. 

Air-bath. 

Air  bed  and  cushion. 

Air-blast. 

Air-brick. 

Air-carbureting. 

Air-casing. 

Air-chamber  for  pumps. 

Air-compressing  machine. 

Air-cooling  apparatus. 

Air-cushion  for  pipes. 

Air-drain. 

Air-drill. 

Air-engine. 

Air-escape. 

Air-exhauster. 

Air-filter. 

Air-fountain. 

Air-grating. 

Air-gun. 

Air-heater. 

Air-holder. 

Air-jacket. 


Machinery. 

Air-level. 

Air-lock. 

Air-machine. 

Air-meter. 

Airohydrogen  blow-pipe. 

Airometer. 

Air-pipe. 

Air-poise. 

Air-pressure  filter. 

Air-pump. 

Air-regulator 

Air-scuttle. 

Air-shaft. 

Air-spring. 

Air-stove. 

Air-thermometer. 

Air-trap. 

Air-trunk. 

Air-tube  for  conveyance. 

Air-valve. 

Air-vessel. 

Anemograph. 

Anemometer. 

Anemoscope. 

Aspirator. 

Atmospheric  jdarm. 

Atmospheric  chum. 

Atmospheric  engine. 

Atmospheric  governor. 

Atmospheric  hammer. 

Atmospheric  railway. 

Atmospheric  spring. 

Atomizer. 

Auricle. 

Balloon. 

Bellows. 
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Blast. 

Blast-machine. 

Blast-nozzle. 

Blower. 

Blowing-machine. 

Blowing-tube. 

Blow-pipe. 

Caloric  engine. 

Captive  balloon. 

Carbonic-acid  engine. 

Carbureting- macnine. 

Car- ventilator. 

Cold-blast. 

Compressed-air  engine. 

Cupping-pump. 

Cylinder  blower. 

Detonating  tube. 

Dispatch-tube. 

Dinusion-tube. 

Disinfecting  apparatus. 

Ear.     Artificial 

Ear  comet. 

Ear  instruments. 

Ear-trumpet. 

Eccentric  fan-blower. 

lyector. 

Eudiometer. 

Exhaust  fan. 

Fan. 

Fan-blower. 

Fanner. 

Fanning-machine. 

Fanning-mill. 

Fan-ventilator. 

Fire-extinguisher. 

Flighter. 

Flying-machine. 

Foot- bellows. 

Fumigator. 

Graduator. 

Gunpowder  engine. 

Hydrostatic  beUows. 

Inhaler. 

Insect  exterminator. 

Insufflator. 

Leech.     Artificial 

Life-preserver. 

Magaeburg  hemispheres. 

MuTguf. 

Oi^gan. 

Parachute. 

Pneumatic  drill. 


Pneumatic  lever. 
Pneumatic  pile. 
Pneumatic  pump.    * 
Pneumatic  railway. 
Pneumatic  spring. 
Pneumatic  trough. 
Pneumatic  tube. 
Pneumatic    tubular    dis- 
patch. 
Pneumatic  valve. 
Pneumatometer. 
Punkah. 
Respirator. 
Rotary  blower. 
Rotary  fan. 
Sand-bellows. 
Sand-blower. 
Screw  ventilator. 
Sirene. 
Smoke-jack. 
Sonifer. 
Sonometer. 
Sound -board. 
Speaking-tube. 
Speaking-trumpet. 
Spirometer. 
Stench-trap. 

.Thermometric  ventilator. 
Tonometer. 
Torricellian  vacuum. 
Trompe. 
Tuyere. 

Vacuum  apparatus. 
Vacuum-filter. 
Vacuum-gage. 
Vacuum-pan. 
Vacuum-pump. 
Vane. 

Ventilating  millstones. 
Ventilator. 
Water-bellows. 
Wind-car. 
Wind-chest. 
Wind-cutter. 
Wind-fumace. 
Wind-gage. 
Windmill. 
Windmill-propeller. 
Wind-pump. 
Wind-sail. 
Wind-trunk. 
Wind-wheel. 


Air  as  a  Means  of  transmitting  Power. 

So  far  as  our  information  extends,  the  hrst  person 
to  use  compressed  air  as  a  means  of  transmitting 
power  was  that  ingenious  Frenchman,  Dr.  Papin 
of  Blois,  about  A.  D.  1700.  We  shall  have  occa- 
sion to  refer  to  him  in  the  History  of  the  Steam- 
Engine.  He  was  the  first  to  apply  a  piston  in 
the  steam-cylinder,  and  was  the  inventor  of  the 
digester,  and  the  steelyard  safety-valve,  —  the  best 
and  simplest  effective  form  yet  devised. 

Papin  used  a  fall  of  water  to  compress  air  into  a 
cylinder,  and  led  it  thence  bv  a  pipe  a  distance  of  a 
mile.  Having  reached  its  destination,  it  was  em- 
ployed to  drive  a  piston  in  a  cylinder,  the  power 
Deing  intended  to  work  a  pump.  The  distance,  the 
friction,  and  the  leakage  were  too  much  for  the 
Doctor,  and  the  inversion  of  the  process,  making  the 
primary  engine  exhaust  instead  of  condensing,  had 
no  better  effect.  Thinking  that  it  was  the  volume 
of  air  in  the  pipe  which  made  the  second  cylinder 
unresponsive  to  the  action  of  the  primary  cylinder, 
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**  The  general  disposition  of  parts  will  be  readily 
understock  by  reference  to  the  dia^m  :  — 

"  The  diameter  of  the  wheel  exhibited  was  9  feet ; 
its  breadth  4J.  It  carried  80  buckets,  curved  in 
such  a  manner  that  13  of  them  (figured  to  the  left) 
always  retained  a  certain  quantity  of  air  in  their 
upper  portion. 

"  The  air  was  introduced  under  the  bottom  of  the 
wheel,  through  a  curved  pipe.  The  air  thus  blown 
into  the  buckets  had  naturally  a  tendency  to  gain 
the  surface  of  the  water  with  a  force  equivalent  to 
the  weight  of  displaced  water,  and  this  upward  ten- 
dency caused  the  rotation  of  the  wheel,  and  at  the 
same  time  brought  back  the  discharged  buckets 
successively  before  the  orifice  of  the  tuyere. 

"The  wheel  made  six  revolutions  per  minute,  so 
that  three  buckets  were  filled  with  air  every  second. 

"The  air  rushed  with  a  velocity  of  82  metres  per 
second  through  a  pipe  0.095  metres  in  diameter. 
The  quantity  discnai^ged  was  consequently  0.227 
cubic  metres  per  second,  equivalent  to  0.075  cubic 
metres  for  each  bucket  or  cell.  During  every  sec- 
ond of  time,  18  buckets  were  thus  partly  filled  with 
air,  their  total  capacity  being  0.988  cubic  metres. 
The  same  bulk  of  water  being  displaced,  a  constant 
power  of  approximately  988  kilogrammes;  or  2,168 
lbs.,  per  second  was  obtained. 

"The  internal  diameter  of  the  wheel  being  2.26 
metres,  its  annular  surface  8.05,  and  its  width  1.5,' 
it  is  readily  computed  that  the  80  buckets  occupied 
a  space  of  4.585  cubic  metres,  and  that  each  cell 
cubed  0.158  cubic  metres, — a  portion  of  which 
space,  eauivalent  to  one  half,  or  to  0.075,  alone 
contained  air. 

"If  the  application  of  force  be  supposed  to  have 
been  applied  at  one  quarter  of  the  depth  of  the 
wheel  under  water  as  an  average,  then  the  speed 
of  any  point  of  its  surface  would  have  been  2. 445  x 
6  X  M7  -J-  60  aas  0.77  metres= 80  inches. 

"  Multiplying  this  speed  by  the  988  kilogramme- 
tres,  we  find  the  power  transmitted  per  second  to 
'  have  amounted  to  757  kilogrammetres.  If  we  de- 
duct herefrom  20  per  cent  for  losses  by  friction, 
reaction  of  water,  etc.,  there  remain  606  kilogram- 
metres,  or  260,000  foot-pounds,  as  available  work- 
ing-power per  minute,  —  equivalent  to  an  8-horse 
power. 

"  The  forcing  of  the  air  was  effected  by  means  of  a 
91-horse  steam-engine,  —  the  compression  of  the  air 
being  one  quarter  of  an  atmosphere.  In  the  exam- 
ple exhibited,  88  per  cent  of  the  power  of  the  engine 
was  thus  transmitted  to  the  wheel,  and  this  through 
a  pipe  510  feet  long  and  presenting  14  elbows. 

"The  above-described  new  method  of  transmission 
of  motion  may  prove  of  very  great  value  in  many 
situations  where  the  application  of  belts  and  shaft- 
ing, parallel  motions,  such  as  are  used  in  mines,  and 
other  similar  contrivances,  is  impracticable.  It 
anight  also  be  applied  with  success  to  the  driving 
of  machinery  in  cities  for  the  smaller  branches  of 
industry,  —  the  compressed  air  in  such  a  case  being 
conveyed  through  mains  and  pipes  laid  below  the 
surface  of  the  streets  in  the  same  manner  as  is  at 
present  practised  for  our  water  and  gas  supplies." 

By  reference  to  Wire  Rope,  several  instances 
may  be  found  where  power  is  transmitted  to  a  dis- 
tance much  beyond  what  is  possible  with  belting 
or  shafting,  the  ordinary  expedients.  In  one  case, 
at  Frankfort  on  the  Main,  the  power  is  thus  trans- 
mitted 8, 200  feet.  In  a  second  case,  at  Schaffhausen, 
in  Switzerland,  the  power  of  a  number  of  turbines, 
amounting  in  the  aggregate  to  600-horse  power,  is 
transmitted  more  than  a  mile,  crossing  the  river 
Rhine  to  the  place  where  the  power  is  to  be  distributed. 


Machinery  in  mines  and  tunnels  is  frequently 
driven  by  the  power  of  compressed  air,  which  is 
condensed  into  a  reservoir  by  steam  or  water  power 
on  the  surface  of  the  ground,  and  conducted  by  pipes 
to  the  deep-seated  spot  where  the  drill  or  mining- 
machine  is  at  work. 

"At  Mont  Cenis  the  air-pipes  must  be  as  much 
as  five  miles  in  len^,  and  the  loss  of  pressure  is 
not  such  as  to  impair  the  working  of  the  drills ;  but 
I  am  without  accurate  information  as  to  its  extent. 
At  Hoosac  they  are  one  and  a  half  miles  long,  and 
the  loss  is  two  pounds  to  the  square  inch.  At 
Nesquehoning  they  are  one  third  of  a  mile  in 
length,  and  there  is  no  appreciable  loss  of  pressure. 
In  this  c^ise  the  air  is  woAed  at  about  fifty  pounds 
per  square  inch  ;  and  the  difference  in  pressure  at 
the  steam-valves,  when  the  power  is  generated,  and 
the  air  after  it  is  compressed,  may  be  taken  at 
about  ten  per  cent  when  the  best  compressors  are 
used.  It  will  then  be  seen  that  the  loss  of  power 
from  the  friction  of  the  compressing  machinery,  and 
from  the  movement  of  air  in  the  pipes,  is  not  of  a 
very  serious  character,  and,  if  the  pipes  are  tight, 
the  pressure  is  well  maintained  while  the  machinery 
is  standing."  —  Steele. 

"  The  compression  of  the  air  by  which  the  drills  at 
the  Hoosac  Tunnel  are  driven  is  effected  at  the  east 
end  of  the  tunuel  by  water-power ;  four  20-hoTse 
turbines  being  employed,  which  operate  sixteen  air- 
pumps,  each  of  18j-inch  bore  and  20-inch  stroke. 

"  The  air  is  compressed  to  65  pounds  to  the  square 
inch,  or  a  little  over  four  atmospheres,  and  con- 
ducted through  an  8-inch  cast-iron  pipe  to  the  drills 
at  the  tunnel  heading,  where  branch  pipes  connect 
several  drill-cylinders  with  this  8 -inch  pipe.  With 
six  of  the  drills  at  work  and  making  250  strokes 
per  minute,  the  gage  on  the  air-pipe  at  the  heading 
of  the  tunnel  shows  a  pressure  ot  63  pounds  against 
65  pounds  at  the  pump-rooms,  one  mile  and  a  half 
distant." 

"  The  engineers  of  the  Mont  Cenis  Tunnel  have 
expressed  themselves  strongly  in  favor  of  the  view 
that  the  plan  is  truly  economical,  and  as  their 
experience  in  the  use  of  this  form  of  applying  power 
has  been  lar^r  than  any  which  has  been  elsewhere 
enjoyed,  their  statements  deserve  consideration.  At 
the  date  of  the  report  on  the  progress  of  the  work 
in  the  tunnel  during  the  year  1868,  they  were 
engaged  at  a  distance  of  nearly  two  thousand 
metres  from  their  reservoirs  of  condensed  air, 
and  were  driving  nine  borers  with  a  force  of  2)- 
horse  power  each.  The  tube  conveying  the  air  to 
the  perforators  was  two  decimetres  (nearly  eight 
inches)  in  diameter.  The  air  was  under  a  pressure 
of  six  atmospheres,  and  its  velocity  in  the  tube  was 
nine  decimetres  (three  feet)  per  second.  The  trans- 
mission of  the  power  to  this  distance,  and  under 
these  conditions,  was  attended  with  no  sensible  loss. 
The  pressure  was  not  perceptibly  less  at  the  work- 
ing extremity  of  the  tube  when  all  the  perforators 
were  in  operation  than  when  the  machinery  was 
entirely  at  rest. 

"A  series  of  experiments  was  instituted  in  1887, 
by  order  of  the  Italian  government,  to  determine 
the  resistance  of  tubes  to  the  flow  of  air  through 
them.  These  experiments  were  made  previously  to 
the  commencement  of  the  work  upon  the  tunnel, 
and  while  the  feasibility  of  employing  compressed 
air  to  furnish  the  motive-power  of  the  boring  appa- 
ratus was  considered  still  questionable.  It  was  the 
aim  of  the  investigation  not  merely  to  ascertain  the 
absolute  loss  of  force  occurring  in  the  transmission 
of  air  through  tubes  of  certain  particular  dimen- 
sions, but  to  determine,  if  possible  what  are  the 
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laws  which  govern  the  variations  of  resistance, 
when  the  velocities  of  flow  and  the  diameters  of 
the  tubes  are  varied.  From  the  results  of  the  ex- 
periments were  deduced  the  three  conclusions  fol- 
lowiug,  namely,  — 

"  I.  The  resistance  is  directly  as  the  length  of  the 
tube. 

**II.  It  is  directly  as  the  square  of  the  velocity 
of  flow. 

*  *  III.  It  is  inversely  as  the  diameter  of  the  tube. " 
See  Report  of  Dr.  Barnard,  United  States  Commis- 
norter  at  the  Paris  ExposUion. 

This  great  work  is  happily  completed.  See 
Tunnel. 

In  the  Verpilleux  pump,  water  is  made  the  means 
of  transmitting  power.     See  Force- Pump. 

The  transmission  of  power  by  means  of  compressed 
air  has  now  become  an  established  fact,   notwith- 
standing   the  clear    decision  which   was  rendered 
r'nst  it,  from  the  supposed  nature  of  the  case  and 
principles  involved.     Its  use  in  the  Hoosac  and 
Mont  Cenis  Tunnels    in    driving   the  boring-ma- 
chines is  referred  to  under  Tunnel.     Its  use  in  the 
Govan    CJoUiery,   Scotland,   is    referred    to    under 
AiR-CoMPRESsiNO   MACHINES.     See  also   Air-En- 
OINE,  Co)(PR£88ED.     Its  use  as  a  liquid  elevator  is 
considered  in  the  next  article. 
Air  as  a  Water  Elevator,  Compressed.  The 
first  attempt  to  raise  water 
Hg.  68.  by  the  pi-essure  of  a  body 

of  compressed  air,  so  far 
as  our  present  information 
extends,  was  that  by  Dr. 
Papin,  of  Blois,  France, 
about  1695.  His  experi- 
ments were  particularly 
directed  to  utilizing  the 
power  of  a  fall  of  water 
m  compressing  air  which 
was  conveyed  a  mile  or 
more  to  a  cylinder  at  the 
mine,  where  it  was  in- 
tended to  work  a  pump 
by  reciprocating  a  piston 
in  the  manner  of  a  steam- 
eneine.  The  experiment 
failed,  as  has  been  already 
stated  (see  Air  as  a 
Means  of  transmitting 
Power),  but  has  since 
.  been  successful  in  operat- 
I  ing  rock-drills  at  Hoosac 
I  Mountain,  Mont  Cenis, 
^  and  many  other  places. 
It  does  not  appear  that 
Dr.  Papin  tried  the  direct 
pressure  of  a  body  of  air 
upon  the  water ;  in  a 
manner  similar  to  the  press- 
ure of  steam  upon  the  sur- 
face of  the  water  in  the 
so-called  steam-engines  of 
Baptista  Porta,  1600  ;  De 
Cans,  1620 ;  Marquis  of 
Worcester,  1655  ;  Savery, 

1698.  See  Steam -Engine. 

Chemnitz  Water-Elevator.  For  many  years  past 
—  probably  a  century  or 
more  —  water-elevators  operating  by  condensed  air 
have  been  used  at  the  mmes  of  Chemnitz  in  Hun- 
gary. A  high  column  of  water  is  used  to  condense 
a  column  of  air  in  a  pipe,  so  that  the  power  of 
the  apparatus  is  proportioned  to  the  vertical  height 
of  the  fall  which  is  available.     In  the  mountainous 


districts  of  Central  Europe  some  remarkable  falls 
are  thus  utilized,  some  of  which  are  referred  to 
under  Turbine.  In  the  Black  Forest  of  Baden 
turbines  are  ninning  with  falls  of  72  and  854  feet, 
and  having  diameters  of  from  20  to  18  inches  re> 
spectively. 

In  the  figure,  the  vertical  elevation  is  out  of  all 
proportion  small,  but  the  principle  involved  is  not 
affected  thereby.  It  should  be  understood  that  the 
height  of  the  fall  above  the  surface  of  the  ground 
should  be  as  great  as  the  depth  below  the  surface 
of  the  ground  of  the  water  to  be  elevated.  If  the 
fall  be  in  excess  of  the  lift,  so  much  the  better. 

a  is  the  shaft  of  the  mine,  and  c  the  surface  of  the 
earth  ;  d  is  the  penstock  of  the  water  at  the  top  of 
the  fall,  and  k  the  pipe  which  leads  the  water  to  the 
air-tight  box/  at  the  surface  of  the  ground.  The 
closed  box  /  communicates  by  an  air-pipe  with  the 
air-tight  box  e  which  is  submenred  in  the  siimp-hole 
at  the  bottom  of  the  mine.  The  eduction  water- 
pipe  h  has  its  lower  end  submerged  in  the  water  of 
the  box  e,  and  conducts  the  water  to  the  surface  c 
when  the  apparatus  is  in  action.  A  cock  I  in  the 
fall-pipe  k  is  closed  or  opened  as  the  alternating  to 
be  described  requires.  The  box  /  has  also  cocks 
at  m  and*  71,  and  the  box  e  an  inlet  valve  g  on  its 
bottom. 

The  operation  is  as  follows  :  — 

The  cocks  I  and  m  being  closed,  the  cock  .n  is 
opened  to  allow  the  air  to  escape  from  box  e  and  the 
water  to  flow  thereinto  by  the  valve-way  g.  The 
cock  n  \b  then  shut,  the  water-cock  I  opened,  when 
the  column  of  water  in  the  pipe  k  will  fill  the  chest/, 
expelling  the  air  therein  and  driving  it  down  the  pipe 
i  into  the  box  e,  expelling  the  water  therefrom  to  a 
certain  extent,  that  is,  until  the  pressure  of  the  con- 
densed air  in  the  box  e  is  eoualled  by  the  weight  of 
the  vertical  column  in  the  aischaijje-pipe  h ;  which 
should  have  a  valve  at  its  lower  end  opening  upward- 
ly. The  cock  I  is  now  closed  and  the  cock  m  opened, 
allowing  the  water  to  run  out  of  the  box  /  and  the 
air  from  e  to  fill  box  /,  while  water  enters  the  lower 
box  by  valve-way  g.  The  cock  m  being  closed  and 
the  cock  I  opened,  the  air  is  again  forced  from /into 
e,  repeating  the  process  just  described. 

An  early  example  of  raising  water  by  the  dejec- 
tion of  a  condensed  body  of  air  is  the  patent  of  Up- 
HAM,  January  6,  1809,  of  which  the  annexed  cut  is 
an  illustration. 

Vis.  59. 


l^jham^s  Pitmp. 

Pressure  on  the  bellows  ii^jects  a  body  of  air  into 
the  chamber  A  in  the  well,  and  drives  a  body  of  wa- 
ter from  thence  through  the  eduction-pipe  which 
leads  to  the  discharge  above  the  sur&ce  of  the 
ground.     When  the  bellows  is  raised,  the  v^ve  at 
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the  foot  of  the  eduction-pipe  closes  and  water  enters 
the  chamber  by  tho  induction-valve.  The  repeti- 
tion of  the  motion  again  ejects  water,  and  so  on. 
The  required  degree  of  pressure  in  the  air-chamber 
is  attained  by  means  of  an  air- valve  in  the  bellows  ; 
after  that,  if  the  level  of  the  water  remain  the  same, 
the  same  body  of  air  is  made  the  agent,  by  its  verti- 
calpulsations,  of  ejecting  the  water. 

Tne  use  of  compressed  air  in  forcing  liquids  from 
deep  wells  or  shafts  has  received  a  great  accession 
from  the  oil  enterprises  in  Western  Pennsylvania 
and  other  places. 

Perhaps  as  many  as  fifty  patents 
Kg.  00.  have  been  granted  for  various  forms 
of  Ejectors,  the  different  iforms  of 
which  will  be  considered  under  that 
title.  These  are  founded  on  the 
same  principle  as  the  Giffard  in- 
jector ,  which  is  a  favorite  device  for 
boiler  supply.  In  the  ejectors  an 
annular  stream  of  fluid  under  com- 
pression (air  or  steam)  is  emitted 
around  an  axial  nozzle  communicat- 
ing with  the  liquid  to  be  moved  ; 
or,  conversely,  a  central  stream  of 
compressed  fluid  to  propel  a  film  of 
liquid    through  an   annular   open- 

J      In  the  deep  oil-wells,  which  con- 
sist of  a  vertical  shaft  of  a  few  inches' 
diameter  and  several  hundred  feet 
y*s  Slfector.  depth,  it  is  advisable  to  have  all  the 
apparatus  included  within  a  single 
tube  as  in  the  two  following  cases  : — 

Mowbray,  December  18,  1864.  The  current  of 
compressed  air  from  the  engine  above  descends  the 
middle  pipe  B^  and  is  emitted  at  the  annular  open- 
ing between  the  cup  a  and  the  bulb  b  on  the  central 
pipe.  The  area  of  the  annular  opening  is  adjust- 
able, and  the  effect  of  the  emission  of  the  stream  of 
compressed  air  is  to  draw  up  the  liquid  from  the 

PI*    AQ 

r 


Fig.  61. 


Angierand  OoeU' 


Anfi«r  and  fh>ekn*s  Rector. 


space  C,  and  elevate  it  to  the  surface  through  the 
space  intervening  between  the  tubes  B  and  A. 

Angier  and  Crocker,  De- 
cember 13,  1864,  have  a  de-  Wg-  68.  

vice  for  the  same  purpose. 
Fig.  61  shows  a  section  ot  the 
well  iu  which  the  seed-bag  i/ 
(see  Well-tube  Packing)  is*^ 
shown.  Its  purpose  is  to  pre- 
vent the  descent  of  the  water 
from  above  to  the  bottom  of 
the  well  whence  the  supply  of 
oil  is  drawn.  The  bulbous 
deflector  and  encircling  cup 
are  arranged  for  action  as  de- 
scribed in  the  preceding  case. 
B  is  tho  air-descending,  A  the 
oil-ascending  space.  /*  is  a 
perforated  tubular  foot  for  the 
well-tube. 

Anoier  and  Crocker,  Oc- 
tober 11,  1864.  Fig.  62.  The 
current  of  compressed  air 
passes  down  the  tube  /  e, 
whose  lower  end  is  recurved 
upwardly  and  ends  in  a  small 
orifice  at  which  the  air  is 
emitted.  As  the  air  passes  JUbfrn^Ai'i  Tra<«r- /toiler, 
through  the  throat  d  into  the 
pipe  b,  it  tends  to  produce  a  partial  vacuum  in  its 
rear,     and 
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greater  length  under  that  title,  it  will  be  useful  to 
give  a  slight  sketch  of  the  modes  of  utilizing  the 
compressed  air,  the  subject-matter  of  this  article. 

The  ejectors  described  are  direct-acting  and  the 
pressure  continuous.  It  remains  to  cite  one  or  two 
emplo^g  the  pulsative  or  alternate  action  of  air. 
This  IS  accomplished  by  alternate  pressure  and 
exhaust,  and  is  claimed  to  be  very  effective.  . 

Pease,  March  28,  1865.  The  current  of  air  is 
made  to  oscillate  in  the  downcast  tube,  acting  like 
an  elastic  piston  in  its  effects  upon  the  contents  of 
the  chaml]«r  A\  which  is  placed  low  down  in  the 
well  A.  Fig.  64.  The  upper  end  of  the  pipe  is  con- 
nected alternately  with  two  cylinders,  lu  one  of 
which  is  a  body  of  compressed  air,  while  iu  the  other 
is  a  partial  vacuum ;  the  exhaust  and  pressure  of 
the  respective  vessels  being  effected  by  an  air-pump. 
The  rock -bar  h  is  oscillated  on  its  pivot,  and  acts 
alternately  upon  the  valves,  bringing  the  pipe  a 
in  connection  with  the  pressure  and  exhaust  iu 
turn,  and  giving  the  pulsative  movement  to  the  col- 
umn of  air  in  the  pipe.  As  the  air  rises  therein, 
the  induction-valve  (jr,  at  the  foot  of  the  chamber, 
lifts  and  admits  oil  from  the  well  to  the  chamber 
A\  and  as  the  column  of  air  descends,  the  said  valve 
closes  and  the  oil  is  raised  through  the  pipe  m,  the 
valve  %  rising  to  allow  it  to  pass  to  tne  upward 
dischaige-pipe  e.  The  seed-bag  d  acts  as  a  packing 
between  the  exterior  pipe  and  the  wall  of  tne  well, 
and  prevents  access  of  water  from  fissures  to  the 
water,  oil,  or  brine  at  the  bottom  of  the  well. 

Woodward,  May  30,  1865. 
Fig.  65.  The  piston  reciprocates  in  the  air- 
cylinder,  and  by  adjustment  of 
the  valves  h  h,  is  the  means  of 
exhausting  from  the  chamber  A  or 
of  forcing  air  into  the  said  cham- 
ber. As  the  air  is  withdrawn,  the 
chamber  is  filled  by  the  induc- 
tion-pipe, the  valve  a  opening  for 
that  purpose.  When  the  air  is 
compressed  into  the  chamber,  the 
water  is  ejected  by  the  pipe  B.  The 
action  is  not  pulsative,  as  in  the 
preceding  case,  but  is  alternate  by 
the  operation  of  the  same  cylinder 
and  piston,  and  is  effected  by  chang- 
ing the  position  of  the  cocks  h  h. 

A  Hydraulic  Engine,  so  called, 
patented  in  England  by  Seidler 
some  forty  years  since,  may  be 
classed  among  the  alternate-acting 
water-elevators  operated  by  com- 
pressed air.  The  construction  will 
appear  by  reciting  the  series  of 
operations  when  it  is  in  action. 
Supposing  the  piston  P  to  com- 
mence its  upward  stroke,  the  air 
in  the  cylinder  C  will  be  driven 
through  the  valve  c  in  the  upper 
head  and  by  means  of  the  pipe  h 
into  the  submerged  vessel  A:,  forc- 
ing the  water  contained  therein 
through  the  valve-way  t  and  by 
WooduK^sAir^  S«*5?  9^^  t^^  eduction-pii)e  0  to 
Pump.  the  discharge-chute  s.    Air  will  be 

supplied  to  the  cylinder  below  the 
piston  by  the  opening  of  the  valve  6. 

When  tlft  piston  descends,  the  air  will  pass  from 
the  lower  to  the  upper  side  of  it  by  means  of  the 
valve  d,  and  the  operation  will  be  continued  till 
the  water  is  driven  out  of  A:,  when  the  two-way 
cock  c  will  be  turned  to  change  the  communica- 
tion ;  the  air  then  passing  by  pipe  g  to  the  tank  I. 


Seidler^s  En^ne. 

The  air  which  was  forced  into  k  is  permitted  to  re- 
enter the  cylinder  through  the  pipe  tr,  as  shown 
by  the  dotted  lines  in  the  cock  c,  so  that  no  air 
will  be  required  to  enter  at  the  valve  b  except 
at  the  commencement  of  the  operation,  or  to  make 
up  for  any  air  lost  by  leakage  or  discharged  with 
the  water.  When  tne  air  is  liberated  from  the 
tank  kf  it  is  again  filled  with  water  by  the  valve 
m,  the  valve  t  being  shut  by  the  pressure  of 
water  in  the  pipe  0.  While  this  is  proceeding, 
the  water  is  being  discharged  from  the  tank  I 
by  the  valve-way  u  into  the  pipe  0,  as  before 
described  in  relation  to  the  tank  k.  The  cock  e 
is  turned  by  hand  or  by  machiner}%  after  such  a 
number  of  strokes  as  may  be  sufficient  to  empty 
a  division  of  the  tank. 

Air'-bath.  A  therapeutic  apparatus  for  the  ap- 
plication of  air  to  the  body,  in  a  jet  or  chamber, 
locally  or  generally,  refrigerated  or  heated. 

The  compressed-air  appai-atus  is  the  reverse  of 
the  vacuum  appliance,  which  proposes  to  increase 
the  surface  secretion  and  local  circulation  by  ex- 
hausting air  ;  an  operation  analogous  to  dry  cup- 
ping.    See  Depurator. 

Ware's  Compressed  Air-bath  is  for  subjecting  a 
patient  to  an  enveloping  atmosphere  of  air  under 
pressure.  The  chamber  A  has  a  non-conducting 
outer  wall  B^  and  a  metallic  inner  wall,  the  inter- 
vening space  being  occupied  by  coils  of  pipe  a,  which 
may  be  steam -heated.  A  safety-valve  in  the  floor 
limits  the  pressure.  H  is  the  door  of  entrance, 
which  shuts  air-right.  The  patient  has  command 
of  the  air  and  steam  valves  by  which  the  chamber 
is  charged  and  the  steam -coil  heated.  «/'  is  a 
seat,  F  a  tie-rod,  I  an  eduction  water-pipe. 
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Wan^s  Compressed  AiT'BatA. 

Air-bed  and  Air-cuahlon.  These  were  known 
in  the  beginning  of  the  eighteenth  century,  and 
were  at  first  made  of  leather  and  afterward  of  air- 
tight or  Mackintosh  cloth  ;  at  present  they  are 
made  of  vulcanized  india-rubber.  The  bed  is  a  sack 
in  the  form  of  a  mattress,  divided  into  a  number  of 

air-tight   compart- 
1^-  68.  ments,  and  having 

a  projection  at  one 
end  forming  a  bol- 
ster ;  each  com- 
partment has  a 
valve  through 
which  it  is  inflated 
by  a  bellows.  Air- 
cushions  are  mere- 
ly small  sacks  filled 
with  air  through  a 
tube  at  one  comer 
or  end,  by  means 
of  an  air-condenser 
or  by  expiration 
from  the  lungs : 
escape  is  prevented 
by  a  screw-stop- 
cock. These  arti- 
Linden?s  Air-Bed.  cles    are  useful    to 

travellers  and  in- 
valids, being  light  and  elastic,  but  are  liable  to  be 
torn  or  punctured,  and  thus  rendered  worthless. 

Linden,  October  7,  1862,  has  adapted  the  elastic 
bed  to  be  used  as  a  part  of  the  infantry  equipment. 
The  air-bed  has  an  outside  flap  of  enamelled  cloth 
or  leather,  cut  longer  and  wider  than  the  bed  so  as 
to  form  a  coverlid  for  the  person  who  lies  upon  the 
inflated  bed.  When  the  bed  is  collapsed  it  can  be 
folded  in  such  a  manner  as  to  form  a  knapsack,  and 
is  provided  with  straps  to  enable  it  to  be  worn  as 
Such  when  on  the  march. 

Hamilton,  July  16,  1867,  ties  the  upper  and 
lower  surfaces  of  the  bed,  of  air-proof  material,  by 
means  of  cords  which  are  secured  to  buttonrheaded 
screws  and  cap-nuts,  which  clamp  the  mateiial  and 
make  the  joint  air-tight. 

Gilbert,  February  11,  1868,  stuffs  the  beds  with 
elastic,  hollow  spheres  of  rubber.  The  same  device 
was  employed  by  a  patentee  in  England,  whose  bed 


is  described  in  the  English  Cyclopaedia,  Lon- 
^  don,  1859.  It  was  found  to  be  too  expensive 
for  general  use.  An  inflated  air-bed  is  shown 
under  Bed  ;  copied  from  a  Geraian  work  of 
A.D.  1511. 
Air'-blast  See  Blower. 
Air'-brick.  An  iron  box  made  of  the  size 
of  a  brick^  and  having  a  grated  side.  It  is 
buUt  into  a  wall,  and  forms  a  ventilating  open- 
ing. 

Air,  Car'ba-ret-ing.  See  Carbureting 
Gas  and  Air. 

Air'-oas'ingi  A. sheet-iron  casing  around 
the  funnel  on  board  a  steam-vessel,  to  pre- 
vent the  transmission  of  heat  to  the  deck. 

Air'-chaxnl>er  for  Pumpa.  This  was  used 
by  Dr.  Papin  of  France  about  1696,  but  had 
been  described  nearly  two  thousand  years  pre- 
viously   by  Hero  in  his 
**  Spiritalia."     It  was  at-  Fig.  69. 

tached  by  Perrault,  in 
=3  1684,  to  the  fire-en^e 
^  {Pompe  Portative)   of  Du- 

pcrrier. 
^        It  is  intended  toequalize 
the  flow  of  water  from  a  re- 
ciprocatingpump.   The  ac- 
tion of  the  pump  being  intermit-  I 
tent,  the  tendency  is  pulsative  ' 
and  the  delivery  in  jerks.     The 
body  of  air  confined  in  the  upper 
part  of  the  chamber  forms  an 
elastic  cushion   against  which 
the  water  impinges  when  lifted  ; 
when    the  pump-piston    stops 
to  commence  its  return  move- 
ment, the  air  again  expands  and 
continues  the  flow  of  water  dur- 
ing the  interval  of  inaction  of 
the  piston  ;  the  valve  falls  as         Air-Chamber, 
soon  as  water  ceases  to  enter 
the  chamber,  to  prevent  return  of  the  water  by  the 
induction -pipe,  when  the  air  expands. 

Air'-com-press'ing  Ma-cnine'.  A  machine 
adapted  to  condense  air  as  a  motor,  or  for  ventilation 
in  snafts  and  mines.  For  this  purpose  air  is  partic- 
ularly well  adapted,  because  its  exhaust  in  the  mine 
shaft  or  tunnel  afibrds  a  direct  means  of  ventilation 
by  supply  of  vital  air  at  the  point  where  the  work 
is  under  way.  The  works  at  the  Mont  Cenis  and 
Hoosac  Tunnels  are  notable  instances  of  the  use  of 
compressed  air  carried  to  a  great  distance.  The  air- 
compressing  engine  of  Sommeilleur  at  Bardonneche 
worked  the  rock-drills  at  the  Italian  end  of  the 
Mont  Cenis  Tunnel,  and  was  operated  by  the  dis- 
placement of  air  from  a  pipe  by  a  heavy  column  of 
water  obtained  from  the  hills.  See  Compressed- 
air  Machine  ;  Tunnel.  The  escape  of  steam  at 
the  point  of  work  is  not  so  desirable  as  that  of 
air  for  two  reasons  :  the  condensation  of  tlie  former 
prevents  its  acting  to  produce  an  outflow  of  air  to- 
wards the  mouth,  as  is  produced  by  the  escaping 
and  expanding  air  ;  and  it  only  adds  to  the  damp- 
ness and  obscurity  of  the  usually  wet  shaft  or 
drift,  instead  of  being  a  source  of  supply  for 
breathing,  from  the  healthy  region  of  the  exterior 
air. 

Many  of  the  devices  for  merely  assisting  ventila- 
tion are  no  more  than  blowers  (which  see),  but  for 
use  as  a  motor  a  more  positive  condensation  is  re- 
quired. By  the  law  of  Mariotte,  the  elastic  force  of 
air  varies  in  the  proportion  of  its  density  ;  the  great- 
er the  pressure  tne  smaller  the  volume.  Assuming 
the  natural  pressure  to  be  15  }x>unds  to  the  squara 
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inch,  by  reducinff  the  volume  to  one  half  we  shall 
have  a  pressure  of  30  pounds  to  the  square  inch  ;  to 
one  quarter,  60  pounds ;  to  one  tenth,  150  pounds  ; 
to  one  fortieth,  600  pounds. 

The  stroke  of  a  piston  in  its  cylinder,  therefore, 
if  it  reduce  a  body  of  air  to  one  twentieth  its  origi- 
nal volume,  will  subject  it  to  a  pressure  of  300 
pounds  to  the  square  inch.  The  air  is  generally  al- 
lowed to  escape  oy  a  valve-way  before  the  approach- 
ing piston,  and  is  collected  in  a  reservoir,  wnence  it 
passes  to  the  machinery  where  its  expansive  force  is 
to.be  applied.  The  circumstances  of  position  and 
use  are  so  very  varied  that  no  general  statement  of 
its  mode  of  application  will  apply.  Sometimes  it  is 
stored  in  reservoirs  at  the  point  where  it  is  used  as  a 
motor  or  a  ventilator. 

FiSK  AND  Waterman,  January  17,  1866.  The 
reservoirs  for  compressed  air  are  located  within  the 
mine,  and  connected  by  comparatively  large  induc- 
tion-pipes with  the  air-forcing  pump  at  Ihe  mouth 
of  the  mine.  The  object  is  to  exert  a  uniform 
pressure  at  the  working  point,  where  compressed  air 
IS  used  as  a  motor,  and  to  prevent  a  stoppage  of  the 
ventilation  during  a  temporary  stoppage  of  the  com- 
pressing-engine  at  the  mouth  of  the  mine.     The 


Fig  70. 


air  by  the  duct  E  to 
the  cy Under  C.  The 
motion  is  repeated ; 
the  intervention  of 
the  water,  as  in 
the  last-preceding 
case,  obviating  the 
necessity  for  an  air- 
tight packing  to 
thepiston. 

WiLHELM,  De- 
cember 26,  1865. 
A  pump  C  F,  of 
ordinary  construc- 
tion, IS  enclosed 
within  a  large  air- 
chamber  X,  which 
has  no  bottom,  but 
is  suspended  in  an 
open  vessel  of  wa- 
ter ^,  so  that  the 
water  may  rise  high 
in  the  chamber,  and 


Fig.  72. 


Ransom's  Air-Compresring  Pump. 


Fiff.  71. 


Fisk  and  Waterman's  Comprtssed'Air  Reservoir. 

eduction-tubes  by  which  the  air  is  discharaed  from 
the  reservoir  are  of  comparatively  small  diameter, 
and  are  provided  with  stop-valves. 

Holly,  May  22, 1866.  Water  is  urged  by  the  pis- 
ton C  and  forced 
through  the  curved 
pipe  into  the  res- 
ervoir L.  As  the 
piston  recedes,  the 
valve  in  the  head 
of  the  air-cylinder 
T  is  opened,  to 
.supply  the  cylin- 
der with  air.  Wa- 
ter collecting  in 
the     reservoir    is 


HoUy^s  Air-Compressing  Pump, 


I  by  a  pipe 
to  the  cylinder  T. 
Water  between  the 
piston  and  the  air 
V  permits  a  water- 
■-  tight  instead  of  air- 
tight packing  to  be 
used,  the  air  re- 
treating before  the  column  of  water  at  each  forward 
stroke  of  the  piston  and  following  it  during  its 
return  stroke. 

Ransom,  August  8,  1865.  The  two  cvlinders  are 
connected  at  bottom  by  a  hollow  bed- plate  A,  and 
have  a  constant  amount  of  water,  which  is  made 
the  intermediate  between  the  piston  in  the  cylinder 
B  and  the  air  which  occupies  cylinder  C.     As  the 

Siston  descends,  the  column  of  water  rises  in  cylin- 
er  C  and  ejects  the  air,  which  passes  through  the 
valve-way  c  into  the  dome  Z>,  tne  pressure  closing 
the  valve  d.  As  the  piston  is  rais^,  the  water  re- 
treats, the  valve  c  closes,  valve  d  opens  and  admits 


when  driven  back  by  the  force  of  the  air  may  continue 
a  pressure  thereon  and  thus  keep  up  a  continuous 
blast.  This  may  oe  oetter  adapted 
for  a  blower,  but,  by  arranging  for  a 
high  vertical  column  of  water,  it  may 
be  applied  to  more  positive  and  high- 
pressure  purposes. 

Patrio,  April  18,  1865.  This  de- 
vice is  intended  to  be  placed  at  the 
foot  of  a  waterfall,  the  water  acting 
in  alternate  compartments  E,  E^  which 
are  separated  by  a  flexible  diaphragm 
connected  to  an  adjusting-bar  &,  that 
operates  the  inlet  and  outlet  water- 
valves  c  a  of  each  chamber.  When  either  com- 
partment is  emptied  of  the  water  contained  therein. 


>^ 


Fig.  78. 


WUkdmU^Air-Pump. 

an  air-valve  is  opened  and  the  air  rushes  in  and 
fills  the  space  vacated  by  the  water,  when,  at  the 
proper  time,  by  the  action  of  the  floats  F,  and  levers 
f  ft  acting  upon  the  diaphragm,  the  inlet- valve  is 
opened,  the  water  enters  by  virtue  of  its  gravity, 
and  the  air  is  compressed  and  forced  out  of  that 
compartment  to  a  suitable  reservoir,  where  it  is  re- 
served for  use  in  any  suitable  engine. 

The  eflScient  force  depends  upon  the  height  of  the 
column  of  water,  and  the  consequent  force  with 
which  the  air  was  ejected  by  the  water  which  dis- 
placed it. 

Jameson,  March  13,  1858.  The  air  is  compressed 
(or  rarefied  by  the  inversion  of  the  process)  by  the 
successive  action  of  pistons  in  cylindera  connected 


Digitized  by 


Google 


AIR-COMPRESSING  MACHINE. 


33 


AIR-COMPRESSING  MACHINE. 


Fig.  74. 


Patricks  Air- Compressor. 

by  pipes,  whose  valves  govern  the  direction  of  the 
flow.  Each  piston  is  connected  to  a  crank  on  the 
common  rotary-shaft  beneath.  As  the  air  passes 
from  one  to  the  other,  it  receives  an  additional  con- 
densation, and  is  eventually  stored  in  the  reservoir 
71,  at  the  end  of  the  series  ;  from  thence  it  is  drawn, 
as  required,  to  act  as  a  motor,  a  blast,  or  for  any 
other  purpose  for  which  it  is  adapted.  The  cylin- 
ders are  enveloped  by  passages  where  a  heater  or  re- 
Pig.  76. 


Jameson^s  Air-Qmtpressor. 

frigerant  may  be  placed  to  act  upon  the  air.  Air 
develops  sensible  neat  as  its  volume  is  diminished 
by  compression,  and  if  it  be  used  for  cooling  purposes, 
as  in  ice-making,  its  preliminary  cooling  before  it  is 
allowed  to  expand  will  make  it  more  efleotive  in  ab- 
sorbing sensible  heat  when  freed. 

Arthur,  July  25,  1865.  An  air-pump  is  com- 
bined with  a  series  of  air-vessels  by  means  of  pipes 
and  stop-cocks,  or  valves,  in  such  a  manner  that  the 
air  compressed  into  one  air-vessel  may  be  used 
to  supply  the  pump  when  compressing  air  into  one 
or  more  other  air-vessels  to  a  higher  tension,  the  air 
entering  the  pump-barrel  being  thus  already  com- 

Flg.  76. 


pressed  to  a  certain  tension.  The  amount  of  increase 
in  tension  which  the  pump  is  required  to  produce 
need  not  exceed  that  at  which  it  will  work  advanta- 
geously. In  the  last  reservoir  in  the  seiies  the  air 
IS  further  compres.sed  by  forcing  water  into  the  low- 
er x^art  thereof  by  means  of  another  pump.  The 
air  is  compressed  more  and  more  by  the  suc- 
cessive operations,  a  single  ]>ump  being  required. 
The  pump  is  connected  to' such  one  of  the  reservoirs 
as  may  be  required,  and  discharges  into  another  or 
others,  the  power  required  to  work  the  pump  being 
only  the  difference  Detween  the  pressure  in  the 
two. 

Dennison,  October  23,  1866.     The  pistons  ara 
attached  to  cranks  set  at  180"  on  tlie  same  shaft,  and 
reciprocate  in  cylinders  of  varj'ing  diameters,  the 
larger  having  an  air  induction-pijMj,  and  discharging 
into  the  smaller,  which  has  an  eduction-pipe.     A 
water-jacket  keeps  the  parts  cool.     By  this  means 
the  air  receives  a  double  condensation  ;  the  differ- 
ence between  the  sectional  areas  of  the  cylinders  is 
such  that  in  ea«h  a  similar  amount  of  i^ower  is  ex- 
erted.    The  induction  and  eduction  pipes  of  the 
single-acting  cylinders  are  provided    with    valves 
which  govern  the  direc- 
tion of  the  air,  opening 
nd    closing    automati- 
ally.     The  pij^e  B  con- 
lucts  water  to  the  jack- 
ts  around  the  cylinders, 
o     remove    tne    heat 
volved  by  the  compres- 
lion   of  the  volume  of 
he  air.    The  pipe  C  re- 
noves  the  water.     The 
bstraction  of  heat,  of 
ourse,  lessens  the  pres- 
ure.      This  is  desirable 
or  some  purposes,   not 
or  others.     Hot  water 
r  steam,   acting  in  the 
everse    direction   to  a 
efrigerant,    would    be 
dapted  to  increase  the 
fleet  of  the  air  as  an 
xpansive    motor.     Al- 
emate  expansion    and 
contraction     was     the 
whole  principle  of  the 
M.  I.  Brunel  Gas-Eiigine  Patent,  England,  1804. 
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Heated  carbonic-acid  gas  is  preferable  to  air  for 
developing  a  laige  force  in  small  space.  See  Gas- 
engine.  See  also  Air-engine  ;  Compressed- aik 
Engine  ;  Air  as  a  Water-elevator. 

Air^-cona  In  marine  engines ;  to  receive  the 
gases  which  enter  the  hot- well  from  the  air-pump, 
whence,  after  ascending,  they  escape  through  a  pipe 
at  the  top. —  Admiral  Smyth. 

Air'-oooring  Ap'pa-ra'tus.  I  n  this  article  will 
be  considered  the  devices  for  cooling  a  current  of 
air,  for  purposes  of  health  and  ventilation,  and  not 
those  involved  in  producing  anaesthesia  by  cold,  the 
manufacture  of  ice,  or  the  cooling  of  fruit  and  meat 
chambers.  These  will  be  considered  under  their 
a[)propriate  heads.  The  purpose  of  the  former  two 
of  these  is  to  reduce  the  temperature  below  the 
freezing-point,  and  of  the  latter  to  reduce  it  nearly 
to  that  point,  while  for  purposes  of  ventilation  the 
aim  is  to.  reduce  to  a  moderate  degree  the  passing 
volume  of  air  which  escapes  and  gives  place  to  that 
which  is  following. 

The  circulation  is  not  a  necessary  incident  to  ice-, 
making  or  to  the  fruit-house,  though  in  the  latter 
there  is  no  doubt  that  circulation  of  air  is  a  valu- 
ble  feature  in  retaining  the  purity  of  the  atmos- 
phere in  the  chamber. 

Another  large  class  of  inventions  in  which  an 
artificial  blast  of  cold  air  is  employed  is  the  beer 
and  li(^uid  coolers,  which  are  of  three  kinds  :  those 
in  which  an  artificial  blast  is  driven  through  the 
arms  of  the  stirrer  to  cool  the  contents  of  the  mash- 
tub  ;  those  in  which  the  liquid  is  passed  through 
a  refrigerating  vessel  and  is  cooled  by  contact  there- 
with; those  in  which  refrigerating  effects  are  im- 
parted to  a  vessel  containing  liquor  on  draft,  to 
reduce  its  tendency  to  fermentation  or  to  make  it 
more,  palatable.  See  Liquid-cooler  ;  Ice-manu- 
facturing ;  Anjbsthetio  Apparatus  ;  Fruit 
AND  Meat  Chamber. 

The  East  Indian  Tatta  is  a  screen  of  finely  woven 
bamboo  in  a  frame  which  fits  into  a  window-open- 
ing. It  is  kept  constantly  moist  by  tAckling 
water,  and  thus  cools  the  air  as  it  enters  the  apart- 
ment, while  the  screen  also  excludes  insects. 

The  same  effect  is  produced  by  an  arrangement 
which  keeps  moist  the  mosquito-bar  around  the  bed. 
The  Alcaraza   is   a    Spanish  form  of  the  same 
device. 

Somes's  plan  for  ventilating  ships,  February  28, 
1865.  The  design  of  the  apparatus  is  to  expose  a 
current  of  air  to  contact  with  vessels  or  pipes  filled 
with  water  taken  from  a  distance  below  tne  surface. 
The  system  of  pipes  is  arranged  at  any  convenient 
submeii^d  point  on  the  ship  s  sides,  and  the  air  is 
forced  in  contact  therewith  by  the  motion  of  the 
vessel,  or  the  action  of  the  waves.     The  cooled  air 

is    conducted    by 
B^'  78.  pipes  to  cool  and 

ventilate  the  va- 
rious apartments 
in  the  vessel,  or 
the  grain  or  other 
perishable  freight 
with  which  it  may 
be  loaded. 

See  also  Thiers's 
American  Pat- 
ent, 1871.  See 
Ship  -  ventilat- 
ing. 

In  Somes's  plan 

for       ventilating, 

cooling,  and  heat- 

Sonus^s  fiftfp.  Vetuiiator.  ing  the  Capitol,  the 


air  is  introduced  into  a  vault  so  far  beneath  the 
surface  as  to  be  free  from  the  changes  of  tempera- 
ture incident  to  the  seasons.  The  aif  is  conducted 
by  a  conduit,  in  which  it  is  exposed  to  pipes  whose 
contents  have  a  warming  or  refrigerating  effect 
upon  the  passing  air.  Purifying  and  moistening  in- 
fluences are  also  brought  to  bear  upon  the  air. 

In  his  patent  of  October  15,  1867,  vacuum  and 
compressing  chambers  are  used  in  combination  with 
the  pumps  which  create  the  current  of  air.  Atom- 
izing tubes  are  added  to  reduce  the  temperature  and 
impart  moisture,  the  disseminated  liquid  becoming 
vaporized  and  absorbing  free  caloric  from  the  air. 
Another  plan  is  to  force  a  body  of  air  through  pipes 
which  pass  to  the  cold  earth  below  the  surface,  or 
to  expose  air  to  the  contact  of  pipes  filled  with 
water  which  has  been  conducted  to  the  said  depth. 
It  is  suggested,  in  connection  with  this,  that  the 
air  may  be  condensed  in  the  cooler  and  become 
further  cooled  as  it  expands. 

Shaler's  air-cooler.  May  80,  1865.  The  case 
contains  a  series  of  cells  so  arranged  as  to  form  a 

Kg.  79. 


Shaler's  Air-cooling  Apparaius. 

tortuous  passage.  The  .chambers  are  filled  with  ipe, 
and  the  air  is  caused  to  circulate  through  the  pas- 
sage by  means  of  a  fan. 

In  Maine's  apparatus  for  cooling  and  disinfecting 
air,  December  4,  1866,  a  continuous  apron  of  porous 
material  is  passed  through  the  tank 'containing  the 
disinfecting  and  cooling  liquid,  and  thence  passes 
over  rollers  rotated  by  clock-work,  its  surface  being 
exposed  to  a  current  of  air,  generated  by  a  fan 
which  is  driven  by  the  same  motor  as  the  rollers. 
See  Air-FILTER. 

Air'-oush'ion  for  Pipes.  The  object  is  to  avoid 
the  jar  which  occurs  when  a  column  of  water  in 
motion  is  suddenly  arrested.  Various  means  have 
been  tried,  prominent  among  which  are  air-cham- 
bers. Air,  however,  is  gradually  absorbed  by  the 
water,  and  as  a  means  of  imprisoning  it  and  still 
allowing  it  to  contract  when  the  jar  comes,  and 
afterwaras  to  expand,  it  is  enclosed  in  a  ball  of 
india-rub- 
ber. This  is  Fig.  80. 
shown  in 
Bevan's  pat- 
ent, March 
14, 1865,  and 
in  some  oth- 
ers. The  ar- 
rangemental- 
80  allows  the 
expansion   of 

the  water,  in  freezing,  without  bursting  the  pipe. 
The  sack  is  placed  in  an  enlargement  of  the  pipe, 
and  so  caged  as  not  to  stop  the  now.  A  continuous 
tube  of  the  same  material,  and  containing  air,  is 
arranged  in  the  tube  also. 

Air'-draixL  {Building.)  A  cavity  around  the 
subterrauean  walls  of  a  building,  protected  by  a 
wall  on  the  earth  side,  and  designed  to  prevent 
the  absorption  of  moisture  by  the  wall. 

Air'-drilL   A  drill  driven  by  the  elastic  pressure 


Bewm'^s  Air-  Cushion  for  Pipes. 
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of  condensed  air.  The  construction  usually  resem- 
bles the  reciprocating  steam-engine,  compressed  air 
being  substituted  for  the  steam  ;  the  dnll-stock  is 
attached  to  the  piston-rod.  It  is  usually  termed 
the  Pneumatic  Drill,  which  see. 

Air'-en'-gine.  For  more  than  a  century  the  at- 
tention of  mechanicians  has  been  tlirected  to  means 
for  making  air  and  gases  available  in  driving  ma- 
chinery. The  inventions  resulting  from  these  efforts 
have  led  in  different  directions,  or  to  different  sets 
of  specific  means. 

Ahouton  (France,  1699)  had  an  atmospheric  fire- 
wheel,  or  air-engine,  in  which  a  heated  column  of 
air  was  made  to  drive  a  wheel.  A  smoke-jack  is  a 
familiar  instance  of  the  same  on  a  small  scale.  So 
are  the  toys  now  attached  to  stove-pipes  and  repre- 
senting incipient  men  (monkeys)  sawing  wood,  etc. 

Some  have  attempted  to  make  available  the  ex- 
pansion of  air,  previously  mechanically  condensed 
and  stored  in  reservoirs.  It  was  not  understood, 
apparently,  that  the  valuable  effect  would  only  be 
equal  to  the  force  employed  in  condensing  the  air, 
minus  some  friction,  leaka^,  and  other  incidentals. 
This  form  settled  down  into  two  classes  of  ma- 
chines :  1.  Those  which  were  locomotive  in  their 
character,  as  in  Bompas's  air-driven  carria^  (Eng- 
lish patent,  1828),  where  air  was  condensed  m  tanks 
and  admitted  to  the  alternate  ends  of  a  cylinder, 
which  had  a  reciprocating  piston,  connected  in  the 
usual  manner  to  the  crank  and  drive-shaft.  The 
same  device,  substantially,  was  used  by  Von  Rathen 
in  1848,  at  Putney,  England,  where  he  ran  an  air- 
locomotive  at  the  rate  of  ten  or  twelve  miles  an 
hour.  See  Compressed-air  Engine.  2.  Those 
in  which  a  bodv  of  air  is  condensed  into  a  reservoir, 
placid  at  the  bottom  of  a  shaft,  or  in  a  situation 
where  the  prime  motor  cannot  be  set  up.  In  this 
case  the  engine  in  the  mine  is  run  by  tne  air  from 
the  reservoir  during  a  lull  in  the  force  of  the  prime 
motor.  This  was  the  subject  of  a  patent  in  Eng- 
land, to  Medhurst,  1799.  He  condensed  air  to 
one  fifteenth  of  its  volume,  and  stored  it  for  this 
purpose.  The  air-reservoirs  of  FiSK  (U.  S.  patent, 
1865)  have  a  similar  purpose.  See  A IR-COM press- 
ing Machine. 

Another  form  of  air-engine  has  consisted  of  two 
chambers  filled  with  air  or  gas,  and  connecting  by 
pipes  with  the  respective  ends  of  a  cylinder  in 
which  a  piston  reciprocates  as  the  bodies  of  air  in 
the  said  cylinders  are  alternately  expanded  and  con- 
tracted. Stirling's  engine  (English  patent,  1827) 
was  of  this  character,  and  is  stated  by  Chambers  to 
have  been  unsuccessfiil,  owing  to  mechanical  defects 
and  to  "the  unforeseen  accumulation  of  heat,  — not 
fully  extracted  by  the  sieves  or  smill  passages  in  the 
cool  part  of  the  regenerator,  of  whicn  the  external 
surface  was  not  sufficiently  laige  to  throw  off  the 
unrecovered  heat  when  the  engine  was  working  with 
highly  compressed  air."  Mr.  Stirling  was  stated,  by 
the  same  authority,  to  have  been  the  originator 
(1816)  of  the  regenerator  wherein  the  heat  of  the 
exhausting  air  is  made  to  heat  surfaces  which  com- 
municate neat  to  the  incoming  air  for  the  next 
charge.  The  distinctive  form  of  apparatus  was  no 
doubt  new  with  Mr.  Stirling,  but  tne  main  idea  is 
much  older,  as  it  is  found  in  the  English  patent 
of  Glazebrook,  1797.  Stirling's  regenerator  is  de- 
scribed as  '*  consisting  of  a  chamlSr  or  chambers 
filled  with  metallic  sieves  of  wire-gauze,  or  minutely 
divided  metallic  passages,  througn  which  the  air  is 
made  to  pass  oiUioard  from  the  cylinder,  after  hav- 
ing performed  its  work  on  the  working-piston  of  the 
engine,  leaving  a  gniat  part  of  its  heat  m  the  sieves 
or  narrow  passages,  to  be  given  out  by  them  again 


to  the  returning  air,  which  is  made  to  pass  inward 
through  the  same  sieves  or  narrow  passages,  and  by 
a  slight  accession  of  new  heat  from  the  furnace,  to 
produce  another  effective  stroke  of  the  piston.  By 
repeating  this  process  at  each  stroke  of  the  engine, 
it  is  evident  that  a  lai*ge  portion  of  the  heat  that 
would  otherwise  go  to  waste  will  be  used  many 
times  over,  and  thus  a  smaller  amount  of  new  heat 
will  require  to  be  supplied  from  the  heating  furnace 
of  the  engine,  and  a  corresponding  saving  of  fuel  be 
effected." 

Such  is  the  description,  but  the  statement  is  open 
to  objections. 

A  further  improvement  of  Messrs.  Stirling  was 
patented  in  England,  in  1840. 

In  this  engine  two  strong  air-tight  vessels  are  con- 
nected with  tne  opposite  ends  of  a  cylinder,  in  which 
a  piston  works  m  the  usual  manner.  About  four 
fifths  of  the  interior  space  in  these  vessels  is  occupied 
by  two  similar  air-vessels,  or  plungers,  suspended 
to  the  opposite  extremities  of  a  beam,  and  capable 
of  being  alternately  moved  up  and  down  to  the 
extent  of  the  remaining  fifth.  By  the  motion  of 
these  interior  vessels  the  air  to  be  operated  upon  is 
moved  from  one  end  of  the  exterior  vessel  to  the 
other ;  and  as  one  end  is  kept  at  a  high  temperature, 
and  the  other  as  cold  as  possible,  when  tne  air  is 
brought  to  the  hot  end  it  becomes  heated,  and  has 
its  pressure  increased,  whereas  its  heat  and  pressure 
are  diminished  when  it  is  forced  to  the  cold  end. 
Now,  as  the  interior  vessels  necessarily  move  in 
opposite  directions,  it  follows  that  the  pressure  of 
the  enclosed  air  in  the  one  vessel  is  increased,  while 
that  of  the  other  is  diminished;  a  difference  of 
pressure  is  produced  on  opposite  sides  of  the  piston, 
which  is  made  to  move  from  one  end  of  the  cylinder 
to  the  other.  The  piston  is  connected  with  a  fly- 
wheel, and  motion  communicated  in  the  usual  way. 

In  this  engine  the  air  received  heat  at  the  tem- 
perature of  650**  Fah.,  and  dischai^d  the  )ost  heat 
at  that  of  160*  Fah.  The  efficiency  of  a  theoreti- 
cally perfect  engine  with  those  limits  of  temperature 
would  be  0.45,  and  its  consumption  of  coal  0.73  of 
a  lb.  per  horse-power  per  hour.  The  actual  con- 
sumption of  coal  per  horse-power  per  hour  was  about 
2.2  lbs.,  being  three  times  the  consumption  of  a 
theoretically  perfect  engine,  and  corresponding  to 
an  actual  efficiency  of  0.15,  or  one  third  of  the  maxi- 
mum theoretical  efficiency.  Stirling's  air-engine  was 
therefore  more  economical  than  any  existing  double- 
action  steam-engine.  The  following  is  a  compari- 
son of  the  consumption  of  bituminous  coal  of  speci- 
fied quality  per  horse-power  per  hour :  — 

1.  For  a  theoretically  perfect  engine,  working    ^^^ 

between  such  limits  of  temperature  as 

is  usual  in  a  steam-engine  .         .         .1.86 

2.  Fora  double-acting  steam-engine,  impelled 

to  the  utmost  probable  extent     .         .2.50 

3.  For    a    well-constructed    and     properly 

worked  ordinary  steam-engine,  on  an 
average 4.00 

One  engine  constructed  in  this  manner  had  a 
cylinder  12  inches  in  diameter,  2  feet  stroke,  and 
is  stated  to  have  worked  to  20  horse -power  ;  another 
engine  with  a  cylinder  16  inches  in  diameter,  4  feet 
stroke,  worked  up  to  40  horse-power.  The  latter, 
we  are  informed,  did  all  the  work  of  the  Dundee 
Foundry  Company  for  three  years ;  using  only  one 
fourth  the  amount  of  fuel  previously  consumed  by 
its  predecessor,  the  steam-engine.  It  was  then 
laid  aside,  owing  to  some  difficulty  in  renewing  the 
heater.  Perhaps  it  incurred  a  heavy  expense  in  wear, 
tear,  and  the  burning  out  of  parts. 
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The  construction  of  the  engine  seems  to  have 
been  essentially  a  duplication  of  the  invention  of 
Parkinson'  and  Crosley,  English  patent,  1827. 

In  this  engine  the  air-chamber  is  partly  exnosed, 
by  submergence  in  cold  water,  to  external  cold,  and 
its  upper  portion  is  heated  by  steam.  An  internal 
vessel  moves  up  and  down  in  this  chamber,  and  in  so 
doing  displaces  the  air,  alternately  exposing  it  to  the 
hot  and  cold  influences  of  the  cold  water  and  the  hot 
steam,  changing  its  temperature  and  exj)ahsive  con- 
dition. The  fluctuations  cause  the  reciprocation  of 
a  piston  in  a  cylinder  to  whose  ends  the  air-chamber 
is  alternately  connected. 

While  treating  of  that  form  of  air-engine  which 
depends  upon  tne  variation  in  the  themiometric 
condition  of  a  body  or  bodies  of  air,  which  connect 
with  the  opposite  sides  of  the  piston  alternately,  it 
may  be  well  to  mention  the  engine  of  Bruxkl,  in 
which  carbonic  acid  gas  b  stored  in  two  chambers, 
communicating  with  the  respective  ends  of  the  cyl- 
inder and  operating  the  piston  therein  by  their 
thermometric  fluctuations.     See  Gas-engine. 

A  third  form  of  the  apparatus  embraces  but  few 
features,  but  these  have  been  modifled  according  to 
the  convictions  of  independent  inventoi-s  to  such  an 
extent  that  they  are  represented  by  eighty  patents 
now  before  the  writer. 

These  features  may  be  described  as  found  in 
Glazebrook's  English  patent,  1797  ;  a  condensed 
statement  of  which  is  as  follows  :  1.  A  force-pump 
to  compress  the  cool  air  ;  2.  a  chamber  in  which 
the^  fluid  is  saturated  with  moisture  (this  is 
not"  retained  by  all  the  modem  forms,  but  is  by 
some) ;  3.  A  heater  where  its  expansive  force  is  in- 
crpased  ;  4.  A  cylinder  in  which  its  expansive  force 
is  utilized  against  a  piston  ;  5.  A  mode  of  utilizing 
the  heat  of  ths  outgoing  air,  to  heat  the  new  charge 
of  compressed  cool  air  for  another  stroke.  Of  this 
latter  feature,  more  hereafter. 

In  Glazebrook's,  the  piston  of  the  working-cylin- 
der and  that  of  the  pump-cylinder  connect  with  the 
opposite  ends  of  the  working-beam.  This  inventor's 
statements  of  the  principles  of  the  operation  of  his  ma- 
chine are  worthy  of  being  quoted  at  length,  but  must 
be  condenseil  for  our  purpose  and  limits.  His  engine 
was  of  the  diflerential  order,  and  he  states  the  measure 
of  power  to  be  the  difference  of  force  exerted  in  the 
working  and  air-compressing  cylinders,  of  which  the 
latter  is  much  the  smaller,  and  the  extra  force  in 
the  former  is  due  to  the  accession  of  heat  derived  from 
the  furnace  wherein  the  air  is  heated  after  compres- 
sion in  the  smaller  cylinder,  and  before  it  is  aamit- 
ted  to  and  allowed  to  expand  against  the  piston  in 
the  larger  cylinder.  Viewing  the  history  of  the  air- 
engine  for  the  seventy  years  succeeding  Glazebrook, 
we  may  at  least  say  that  he  is  a  great  anticipator. 

Glazebrook's  second  patent,  1801,  has  a  refriger- 
atory, whose  use  is  not,  as  in  Randolph's  (Scotland, 
1856),  to  cool  the  pump  wherein  the  air  is  con- 
densed (see  Compressed-air  Engine),  but  is  used 
for  depriving  the  escaping  gas  of  its  heat,  in  case  a 
gas  be  used  of  so  expensive  a  character  as  to  pre- 
clude its  being  ejected  into  the  atmosphere  after 
using.  This  is  probably  the  commencement  of 
using  the  same  air  over  and  over  again.  He  cites 
carbonic  acid  and  other  gases  and  compounds.  He 
only  antedated  by  three  years  the  engine  of  Brunei, 
which  was  intended  to  be  used  witliout  any  escape 
of  carbonic  acid  ;  two  volumes  of  which  were  made 
to  fluctuate  in  temperature  alternately,  and  produce 
a  pulsation  in  the  chamber  placed  between  them, 
and  in  which  the  piston  worked. 

Lilley's  air-engine,  English  patent,  1819,  may 
be  simply  noticed  as.  in  the  same  line  of  invention. 


The  air  is  compressed  by  mechanical  force  ;  passed 
through  heated  tubes,  expanded  against  a  piston^ 
and  then  escapes  into  the  open  air. 

The  first  working-cyhnders  of  the  Ericsson  were 
168  inches  in  diameter,  and  the  piston  had  a  stroke 
of  8  feet,  the  air  being  introduced  at  natural  press- 
ure into  the  heater.  The  inade^iuacy  of  the  power 
developed,  and  difficulties  incident  to  the  scale  of 
the  machinery  induced  him  to  make  it  more  com- 
pact by  condensing  the  air  mechanically,  and  redu- 
cing the  size  of  the  working-cylinders  to  72  inches 
diameter,  and  6  feet  stroke.  This  condensation  he 
did  not  claim  as  his  own  invention,  as  we  under- 
stand ;  but  it  is  claimed  for  Stirling  at  the  date  of 
his  second  patent,  1827.  This,  however,  is  not  cor- 
rect, for  it  is  found  in  the  specification  of  Lilley, 
English  patent,  1819,  and  in  Glazebrook's,  1797. 
This  patent  of  Glazebrook,  in  connection  with  his 
improvement  of  1801,  may  be  considered  the  most 
remarkable  one  of  the  series,  and  has  just  been  men- 
tioned. The  action  of  Ericsson  gave  a  ^reat  impe- 
tus to  the  invention  and  building  of  air-engines  ; 
examples  will  be  cited  presently.  Air-engines  on  a 
small  scale  are  extensively  used  in  driving  printing- 
presses  and  such  like  work.  It  is  believed  that 
they  are  especially  suitable  for  positions  where  wa- 
ter is  scarce,  and  suggestions  have  been  made  for 
their  use  in  prairie  farming,  without  anything  defi- 
nite being  reached  in  that  direction. 

The  claims  put  forward  for  the  Ericsson  engine 
indicate  that  he  expected  to  use  the  same  portion  of 
heat  in  producing  mechanical  power  over  and  over 
again.  One  who  advocated  tlie  cause  stated  that 
**  the  basis  of  the  caloric  engine  is  that  of  returning 
the  heat  at  each  stroke  of  the  ])iston,  and  using  it 
over  and  over  again."  "This  result,"  he  remarks, 
*' Captain  Ericsson  has  attained  by  means  of  an  appa- 
ratus which  he  styles  a  regenerator,  and  so  perfectly 
does  it  operate  that  the  heat  employed  in  first  set- 
ting the  engine  in  motion  continues  to  sustain  it  in 
full  working-force,  with  no  other  renewal  or  addi- 
tion than  may  be  requisite  to  supply  the  inconsider- 
able loss  by  radiation." 

This  would  be  the  legitimate  conclusion  of  the 
premises  stated,  and  the  reductio  ad  absurdum^  one 
would  have  thought,  would  have  opened  the  eyes  of 
the  claimant.  If  the  statement  were  true,  the  en- 
gine would  become  hotter  and  hotter,  unless  the  fire 
was  almost  put  out  when  the  engine  commenced 
running,  and  the  power  would  be  used  over  again  to 
an  extent  which  would  put  to  the  blush  the  me- 
chanical'equivalent  of  a  unit  of  heat  in  a  theoreti- 
cally perfect  engine  ;  a  consummation  unexpected, 
to  say  the  least. 

The  effect  of  the  claim  is,  that  the  heat  of  the 
outgoing  air  is  perfectly  withdrawn  by  the  re^nera- 
tor  and  transferred  to  the  charge  of  incoming  air 
on  its  way  to  the  engine,  and  this  without  the  expen- 
diture of  power.  The  fallacy  of  the  statement,  for 
which  Mr.  Ericsson  may  not  be  responsible,  is  in 
supposing  that  the  air  could  be  passed  into  and 
through  the  regenerator  in  the  manner  proposed, 
without  the  exertion  of  power.  The  air,  as  it  enters 
the  regenerator,  would  expand  with  the  increment  of 
heat  acquired  therein,  and  a  given  volume  would  re- 
quire the  expenditure  of  a  force  to  drive  or  draw  it 
through  equal  to  that  which  the  heat  thus  absorbed, 
and  expansive  condition  acquired,  would  be  capable 
of  exerting. 

If  no  power  were  exerted  to  induct  the  air,  under 
these  circumstances  of  expansion,  only  a  part  of 
the  charge  required  would  pass  into  the  chamber, 
and  that  which  reached  the  furnace  would  be  al- 
ready attenuated  by  expansion.     Expansion  presup- 
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poses  the  expenditure  of  power,  and  is  produced  by 
heat  in  this  case  ;  the  relation  of  heat  to  power,  and 
jibnversely,  must  not  be  ignored.  The  interposition 
of  the  air-pump  does  not  affect  the  problem,  for  the 
attenuation  of  the  air  by  heat  will  necessitate  a 
greatei  power  to  condense  a  body  of  air,  of  given 
normal  volume,  into  the  space  where  its  expansive 
powers  are  to  be  exerted. 

The  regenerator  was  used  by  Stirling,  1816,  and 
Glazebrook,  1797,  in  air-engines.  The  forms  of  the 
regenerators,  ho'w;/pver,  differ  considembly.  Stirling's 
IS  described  in  this  article,  and  Glazebro6k's  appears 
to  have  been  like  a  modem  air-heater  in  which  the  hot 
current  heated  pipes  filled  with  the  incoming  air. 

Mr.  Ewbank,  speaking  of  the  Ericsson  regenerator, 
says  :  **  The  principle  on  which  this  invention  i*ests 
is  the  repeateu  use  of  the  same  caloric.  In  this  en- 
gine, as  in  the  steam-engine,  heat  is  the  animating 
principle  ;  and  in  using  over  and  over  again  the 
same  heat,  he  virtually  uses  over  and  over  again  the 
same  power.  He  claims  to  have  succeeded,  in  sav- 
ing upwards  of  90  nor  cent  of  the  heat  expended  in 
raising  a  loaded  piston,  and  in  retaining  and  com- 
pelling it  to  do  the  same  work  over  again."  Paine 
m  his  United  States  patent,  November  30,  1858, 
moistens  and  refiigerates  the  incoming  air  so  as  to 
reduce  its  bulk,  for  the  sake  of  getting  a  partially 
condensed  volume  for  the  supply  of  the  air-pump. 

A  writer  in  the  English  Encyclopaedia  states  the 
Ericsson  experiments  as  follows  :  — 

"In  the  summer  of  1852  two  of  Ericsson's  caloric 
engines  were  at  work  in  a  factory  at  New  York  ; 
and  as  newspaper  paragraphs  frequently  appeared, 
presenting  most  favorable  accounts  of  the  working 
of  these  engines,  arrangements  wei-e  planned  for 
building  a  snip  of  1000  tons'  burden,  to  be  pro- 
pelled by  hot  air  instead  of  steam.  It  was  antici- 
pated that  the  Atlantic  might  be  crossed  by  such  a 
ship  in  fifteen  days,  at  a  vastly  cheaper  rate  than 
by  the  superb  but  costly  Cunard  steamers,,  theieby 
more  than  compensating  for  the  quicker  passage 
of  the  latter.  Tne  ship  was  250  feet  long,  and  hoi 
paddle-wheels  32  feet  in  diameter.  On  its  first  trial- 
trip,  January  4,  1853,  the  ship  made  twelve  knots 
an  hour  with  the  wind,  and  answered  her  helm  well ; 
she  only  used  six  tons  of  fuel  per  day,  and  was  pro- 
nounced a  success  by  her  friends. 

"  On  the  second  trial,  the  maximum  speed  attained 
was  nine  knots,  —  obtained,  as  asserted,  at  a  cost  only 
one  sixth  of  that  of  steam.  After  this,  unfavorable 
circumstances,  one  by  one,  came  to  lighi  ;  and  the 
ship  named  the  *  Ericsson,'  in  honor  of  the  inventor, 
failed  to  establish  the  validity  of  the  principle  in- 
volved. Influenced  by  the  results  of  further  ex- 
periments made  in  1854,  the  indefatigable  inventor 
took  out  another .  patent  in  1855  for  certain  novel- 
ties in  the  apparatus.  In  this  new  caloric  engine, 
the  heated  air,  after  performing  its  duty  by  raising 
the  piston  in  the  working-cylinder,  is  made  to  cir 
culate  thi'ough  a  vessel  containing  a  series  of  tubes  ; 
and  the  current  of  heated  air,  in  passsing  through 
this  vessel  or  regenerator,  is  met  by  a  current  of 
cold  air,  circulating  in  an  opposite  dii-ection  through 
tlie  series  of  tubes  on  its  way  to  the  working-cylinder. 

"Thus  there  is  cold  air  within  the  tubes. and  hot 
air  without,  an  interchange  takes  place,  or  rather  an 
equalization,  by  a  transference  of  caloric  from  one 
to  the  other. 

'*  The  current  of  cold  air,  on  its  way  to  the  working- 
cylinder,  after  thus  haWiig  been  partially  heated  by 
the  transference  of  caloric,  is  made  to  pass  through 
a  series  of  tubes  or  vessels  exposed  to  the  fire  of  a 
furnace. 

' '  The  action  of  the  engine  itself  is  what  is  called 


*  differential,'  the  motive  energy  depending  on  the 
difference  of  areas  in  the  working  and  supply  cyl- 
inders. [And  the  superior  energy  of  the  chaise  in 
the  former  due  to  its  increment  of  heat  derived  from 
the  furnace.  —  Ed.] 

"The  heater  and  regenerator  are  supplied  with 
fresh  compressed  atmospheric  air  at  each  stroke  of 
the  engine. 

**  In  the  year  now  under  notice  [18651  the  old 
caloric  engine  was  taken  out  of  the  'Ericsson,' 
and  steam-engines  substituted.  Captain  Ericsson 
would  not  admit,  however,  that  this  was  an  evi- 
dence of  failure  in  his  plans ;  he  still  asserted  the 
soundness  of  the  principle,  and  the  economy  in  fuel. 

"  The  first  engine  made  was,  he  said,  too  cumbrous 
for  the  available  amount  of  power  in  the  ship,  and 
the  losses  by  leakage  and  friction  were  greater  than 
had  been  anticipated.  A  second  was  made  ;  but  the 
joints  of  the  pijKis  of  the  heaters  were  not  good,  and 
could  not  bear  a  greater  pressnit*  than  such  as  would 
produce  a  speed  of  seven  knots  an  hour.  Surcharged 
or  overheated  steam  was  used,  because  the  hot  air 
escaped,  and  then  occurred  a  dislocation  of  the 
whole  machinery  by  an  explosion. 

**  This  action  led  to  the  substitution  of  steam- 
boilers  ;  but  even  then  Ericsson  would  not  admit 
that  the  principle  of  his  caloric  endue  was  proved 
to  be  unsound  ;  seeing  that  the  accident  had  arisen 
from  mechanical  defects,  and  that  the  change  con- 
sisted only  in  the  use  of  steam-boilers  instead  of 
air-heatere."  The  English  writer  is  here  incorrect, 
as  she  was  supplied  with  steam-boilers  aind  engines. 

The  "  Ericsson  "  made  a  trip  from  New  YoTk  to 
Washington,  and  is  said  to  have  used  an  enormous 
quantity  of  "tallow  in  lubricating  her  machinery. 
This  difficulty  is  avoided  in  some  of  the  smaller 
machines  now  built,  by  saturating  the  air  with 
steam.     See  Aero-steam  Engine. 

In  a  paper  read  by  Mr.  Raukine  before  the  British 
Association  in  Liverpool,  September,  1854,  is  a  suc- 
cinct statement  of  the  principles  underlying  this 
subject  of  invention  ;  from  it  we  derive  the  follow- 
ing:— 

**  Heat  acts  as  a  source  of  mechanical  power  by 
expanding  bodies,  and  convei-sely^  when  mechanical 
power  is  expended  in  compressing  bodies,  or  in 
producinj^  friction,  heat  is  evolved.  This  mutual 
convertibility  of  heat  and  mechanical  power  is  ex- 
pressed in  the  following  law  :  *  That  when  mechani- 
cal power  is  produced  by  the  expenditure  of  heat, 
a  quantity  of  heat  disappears,  bearing  a  fixed  pro- 
portion to  the  power  produced  ;  and  conversely,  that 
when  heat  is  produced  by  the  expenditure  of  me- 
chanical power,  the  quantity  of  heat  produced  bears 
a  fixed  proportion  to  the  power  expended.  This 
law  has  been  established  chiefly  by  the  experiments 
of  Mr.  Joule  on  the  production  of  heat  by  the  fric- 
tion of  the  particles  of  various  substances,  solid, 
liquid,  and  gaseous,  and  he  has  ascertained  the 
fixed  proportion  which  heat  and  mechanical  power 
bear  to  each  other  in  cases  of  mutual  conversion. 

**  The  unit  of  heat  —  or  so  much  heat  as  is  suffi- 
cient to  rai.se  the  temperature  of  one  pound  of  water 
at  ordinary  temperatures  by  one  de^e  of  Fahren- 
heit's thermometer  —  rec^uires  for  its  production, 
and  produces  by  its  disappearance,  or,  in  other 
words,  is  equivalent  to,  772  lbs.  of  mechamcal 
power ;  that  is,  so  much  mechanical  power  as  is 
sufficient  to  lift  a  weight  of  1  lb.  to  a  height  of  772 
feet.  This  quantity  is  known  as  Joules  equivalent, 
or  the  dynamical  specific  heat  of  water  at  ordi- 
nary temperatures.  The  dynamical  specific  heats 
of  other  substances  may  be  determined  by  direct 
exiwriment,  or  by  ascertaining  the  ratios  to  that  of 
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water.  Thus,  to  heat  1  lb.  of  atmospheric  air,  main- 
tained at  a  constant  volume,  by  1*  Fahrenheit, 
requires  the  expenditure  of  130.5  foot  lbs.  of 
mechanical  power.  This  is  the  real  dynamical 
specitic  heat  of  air.  The  apparent  dynamical  spe- 
cific heat  of  1  lb.  of  air,  under  constant  pre^ure, 
is,  for  l**  Fah.,  183.7  foot  lbs.  ;  the  difference,  or 
53.2  foot  lbs.,  being  the  mechanical  power  exerted 
by  the  air  in  expanding,  so  as  to  preserve  the  same 
pressure  notwithstanding  the  increase  of  its  tem- 
perature by  1*.  The  apparent  specific  heat  of  air 
at  constant  pressure  exceeds  the  real  specific  heat 
in  the  ratio  of  1.41  :  1.  All  quantities  of  heat  may 
thus  be  expressed  by  equivalent  quantities  of  me- 
chanical power.  The  heat  required  to  raise  1  lb. 
of  water  from  the  freezing  to  the  boiling  point, 
and  to  eva()orate  it  at  the  latter  temperature,  is 
1,147.5"  X  772  =  885,870  foot  lbs.:  of  which 
180"*  X  772  =  138,960  foot  lbs.  is  sensible  heat,  or 
that  employed  in  raising  the  temperature  of  the  wa- 
ter ;  while  the  remainder,  967.5^X772  =  746,910 
foot  lbs.,  is  the  latent  heat  of  evaporation  of  1  lb. 
water  at  212"  Fah.,  or  the  heat  that  disappears  in 
overcoming  the  mutual  attraction  of  the  particles 
of  water,  and  the  external  pressure  under  which  it 
evaporates.  The  mechanical  eauivalent  of  the  avail- 
able heat  produced  by  1  lb.  of  ordinary  steam  coal 
may  be  taicen  on  an  average  of  that  of  the  heat 
,reQuired  to  raise  7  lbs.  of  water  from  60"  to  212" 
Fan.,  and  to  evaporate  it  at  the  latter  temperature, 
that  is  to  say,  in  round  numbers,  6,000,000  foot 
lbs.  The  total  heat  is  much  greater,  but  there  is 
a  loss  in  the  gases  which  ascend  the  chimney. 

"  Heat,  being  convertible  with  mechanical  power, 
is  convertible  also  with  the  vis  viva  of  a  body  in 
motion.  The  British  unit  of  heat,  1"  Fah*  in 
1  lb.  of  water,  is  equivalent  to  the  vis  viva  of  a 
mass  weighing  1  lb.  moving  with  a  velocity  of  223 
feet  per  second,  being  the  velocity  acquired  in  fall- 
ing through  a  height  of  772  feet.  A  mass  of  water, 
of  which  each  particle  is  in  motion  with  this  ve- 
locity, has  its  temperature  elevated  by  1"  of  Fah. 
upon  the  extinction  of  the  motion,  by  the  mutual 
fnction  of  the  particles.  Heat  communicated  to  a 
substance  produces  in  geneml  three  kinds  of  effects 
(omitting  the  chemical  and  electrical  phenomena): 
1.  An  increase  of  temperature  and  expansive  press- 
ure. 2.  A  change  of  volume,  nearly  always  an  in- 
crease. 8.  A  molecular  change,  as  from  the  solid 
to  the  liquid,  or  from  the  liquid  or  solid  to  the 
gaseous  state.  The  heat  which  produces  the  first 
kind  of  effects  is  known  as  sensible  heat,  and  makes 
the  body  hotter.  In  the  second  and  third  kinds  of 
effects  heat  disappears  and  becomes  latent ;  but  may 
be  reproduced  by  reversing  the  change  which  caused 
it  to  disappear.  In  evaporating  1  lb.  of  water  at 
212"  a  quantity  of  heat  disappears  equivalent  to 
746,910  foot  lbs.  The  pressure  of  the  steam  pro- 
duced is  2,116.4  lbs.  on  the  square  foot.  The  vol- 
ume is  probably  about  26^  cubic  feet  more  than 
that  of  the  liquid  water.  Multiplying  these  two 
quantities  together,  it  appears  that  the  heat  ex- 
pended in  overcoming  external  pressure  is  equiva- 
lent to  only  56,085  root  lbs.,  leaving  690,825  foot 
lbs.  for  the  mechanical  equivalent  of  the  heat  which 
disappears  in  overcoming  the  mutual  attraction  of  the 
particles  of  the  water.  Whereas  the  latent  heat  of 
expansion  of  a  permanent  gas  consists  almost  entirely 
of  neat  which  disappears  in  overcoming  the  external 
pressure.  Thus  the  product  of  the  volume  in  cubic 
feet  of  1  lb.  of  air,  at  650"  Fah.,  by  its  pressure  in  lbs. 
per  square  foot,  is  59,074  foot  lbs.  If  that  1  lb.  of 
air  be  expanded  under  pressure  to  1^  times  its  origi- 
nal volume,  and  still  be  maintained  at  the  constant 


temperature  of  650"  by  being  supplied  with  heat 
from  an  external  source,  the  work  performed  by  it 
in  expanding  will  be  59,074  X  hyperbolic  logarithm 
of  1^  =  23,958  foot  lbs.,  and  this  quantity  will  also 
be  sensibly  equal  to  the  mechanical  equivalent  to 
the  heat  supplied,  and  which  disappears  during 
the  expansion.  It  is  this  heat  which  disappears  in 
producing  increase  of  volume  under  pressure,  which 
is  the  refu  source  of  power  in  the  performance  of  a 
thermo-dynamic  engine ;  as  it  is  a  portion  of  this 
heat  which  is  actually  converted  into  mechanical 
work,  while  the  heat  expended  in  producing  eleva- 
tion of  temperature  produces  merely  a  tendency  to 
the  development  of  power.  When  an  elastic  sub- 
stance has  to  perform  mechanical  work  through  the 
agency  of  heat,  it  goes  through  a  cycle  of  four  pro- 
cesses, which,*  taken  together,  constitute  a  single 
^stroke  of  the  engine. 

**  Process  A.  — The  substance  is  raised  to  an  ele- 
vated temperature.  This  process  may  or  may  not 
involve  «n  alteration  of  volume. 

**  Process  B.  —  The  substance,  bein^  maintained  at 
the  elevated  temperature,  increases  m  volume  and 
propels  a  piston.  During  this  process  heat  disap- 
pears, but  an  equivalent  quantity  is  supplied  from 
without,  so  that  the  temperature  does  not  fall. 

**  Process  C.  —  The  substance  is  cooled  down  to  its 
original  low  temperature,  with  or  without  a  change 
of  volume. 

**  Process  D,  —  The  substance,  being  maintained  at 
its  depressed  temperature,  is  compressed,  by  the 
return  of  the  piston,  to  its  original  volume.  During 
this  process  heat  is  produced  ;  and  in  order  that  it 
may  not  elevate  the  temperature  of  the  substance, 
and  give  rise  to  an  increased  pressure,  impeding 
the  return  of  the  piston,  it  must  be  abstracted  as 
quickly  as  produced,  by  some  external  means  of 
refrigeration.  The  substance,  being  now  brought 
back  to  its  original  volume  and  temperature,  is 
ready  to  undergo  the  cycle  of  processes  again  ;  or  it 
may  be  rejected,  and  a  fresh  portion  of  the  sub- 
stance employed  Tor  the  next  stroke.  In  the  latter 
case  the  operation  of  expelling  the  substance  may 
take  the  place  of  process  Z>.  In  some  cases  the  pro- 
cesses B,  Cy  or  D  may  be  first  in  the  order  of  time. 
During  the  cycle  of  processes  the  working  substance 
alternately  increases  and  diminishes  in  volume  in 
contact  with  a  moving  piston.  During  the  increase 
of  volume  the  pressiire  of  the  substance  against  the 
piston  expends  mechanical  power  in  compressing  the 
working  substance.  The  increase  of  volume  takes 
place  at  a  higher  temperature,  and  therefore  at  a 
nigher  pressure  than  the  diminution  of  volume; 
consequently,  the  mechanical  power  communicated 
to  the  piston  exceeds  that  taken  away  from  it.  The 
surplus  is  the  power  of  the  engine^  available  for  per- 
forming mechanical  work.  The  efficiency  of  the 
thermo-dynamic  engine  is  the  ratio  which  the 
available  power  bears  to  the  mechanical  equivalent 
of  the  wnole  heat  expended.  If  the  heat  com- 
municated to  the  working  substance  entirely  dis- 
appeared, the  power  produced  by  that  engine 
would  bis  the  exact  equivalent  of  the  heat  ex- 
pended, or  772  foot  lbs  for  each  unit  of  heat,  and 
its  efficiency  would  be  represented  by  unity.  A 
perfect  engine  would  produce  power  to  the  amount 
of  6,000,000  foot  lbs.,  for  eacn  pound  of  coal  con- 
sumed ;  and  as  a  horse-power  is  1,980,000  foot  lbs. 
per  hour,  the  consumption  of  coal  would  be  0.33  lb. 
per  horse-power  per  hour.  But  of  course  there  is  a 
waste  of  heat  and  power  to  be  allowed  for  in  every 
engine  before  we  can  arrive  at  its  actual  efficiency.' 

The  efficiency  of  a  theoretically  perfect  engine, 
working  between  the  same  temperatures  as  Ericsson's, 
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would  be  0.404,  corresponding  to  a  consumption  of  I  supporting  combustion  in  the  furaace,  the  volatile 
0.82  lb.  of  coal  per  horse-power  per  hour.  The  ac- 1  portions  pass  off  by  the  pipe  D  to  the  wash-box  E, 
tual  consumption  was  1.87  lbs.  of  anthra- 


i 


cite,  or  2.8  lbs.  of  bituminous  coal.    This  is  ^'  82. 

about  3. 4  times  the  consumption  of  a  theo 
retically  perfect  engine,  and  corresponds  to 
an  actual  efficiency  of  0.118,  being  less 
than  the  maximum  theoretical  efficiency  in 
the  ratio  0.295  to  1.  The  waste  of  heat  and 
power,  therefore,  in  Ericsson's  engine  must 
have  been  very  great,  though  it  was  economi- 
cal of  fuel  as  compared  with  steam-engines. 

Many  of  the  modem  forms  of  air-engines 
conduct  the  incoming  charge  of  air  to  the 
furnace  and  make  it  the  means  of  maintain- 
ing combustion.  The  volatile  results,  abound-  ^ 
ing  in  carbon  and  deprived  more  or  less 
perfectly  of  the  oxygen,  require  washing  to 
remove  the  dust  and  soot  which  would  oth- 
erwise pass  to  the  cylinder.  Combustion  is 
thus  maintained  under  pressure,  a  condition 
considered  by  many  to  oe  very  favorable  to 
the  economical  use  of  the  fuel. 

Some  of  the  air-engines  of  late  construction 
use  a  larger  or  smaller  proportion  of  steam, 

partly  as  a  motor  and  partly  as  a  lubricator  of  the  |  where  the  grit  and  soot  are  arrested.     ^  is  a  water- 
supply  pipe  and  /  a  hand-hole  for  with 


Washburn's  Air- Heater  and  Steam- Generator. 


Fig.  81. 


BenneWs  Air-Heaier  and  Steam-  Generator. 

parts  which  are  apt  to  grind,  working  in  the  hot, 
dry  air.     See  AJsro-steam  Engine. 

Benneit,  August  3,  1838.  This  is  a  combined 
air-heater  and  steam -generator,  the  combustion  being 
maintained  under  pressure.  The  air  is  forced  in  by  a 
|)ump,  and  enters  above  and  below  the  grates  in  quan- 
tities regulated  by  the  dampers  a,  a,  in  the  branches 
of  the  pipe  B.  Coal  is  introduced  through  the  charger 
C  above,  without  allowing  any  notable  amount  of  air 
to  escape.  The  upper  valve  c  ^ing  withdrawn,  a 
charge  of  coal  is  dropped  on  to  the  lower  valve,  when 
the  upper  valve  is  shut,  and  the  withdrawal  of  tlie 
lower  one  allows  the  coal  to  fall  into  the  furnace  A. 
The  volatile  products  of  combustion  pass  through 
the  water-trap  Z),  and  mingle  with  the  steam  gener- 
ated in  the  jacket  E.  The  caloric  current  is  purged 
of  its  grit  and  soot  by  the  water  in  the  trap  x),  and 
the  combined  heated  air,  gases,  and  steam  pass  by 
the  pipe  F'  to  the  engine.  An  equal  pressure  is 
maintained  in  the  furnace  and  in  the  steam-generat-' 
ing  chamber. 

Washburn,  September  5,  1865.  The  water  pass- 
es by  pipe  O  to  the  coil  B,  where  it  is  converted  into 
steam  wnich  passes  off  by  pipe  C.    Air  from  a  force- 


combustion  of  the  fuel 
under  pressure. 

After  the  foregoing 
treatise  on  the  early 
history  of  the  air-en- f 
gine  and  the  considera- 1 
tion  of  the  principles 
involved,  the  remain- 
der of  this  article  will 
be  devoted  to  examples 
of  the  air-engines  which 
have  been  introduced 
during  the  last  twenty 
years.  They  are  about 
eighty  in  number,  and 
may  be  divided  into 
five  classes,  in  all  of 
which  the  air  is  ex- 
panded by  heat.  (Air- 
engines  into  whose  ac- 
pump  enters  the  ash-pit  A  by  the  pipe  ^,  and  after  !  tion  heat  does  no  enter 


drawing*  accumulated  matter  arrested  in 
the  bath.  After  being  deprived  of  im- 
purities, the  air  passes  by  the  pipe  K,  aiid 
joins  the  steam,  the  two  passing  by  pipe 
L  to  the  engine.  The  pressure  through- 
out the  apparatus  is  equal,  the  air  and 
water  being  forced  into  it  at  a  pressure 
equal  to  that  of  the  outgoing  steam  and 
air.  The  steam-generating  tube  By  being 
exposed  to  pqual  pressure  within  and 
without,  may  be  of  light  material,  and 
the  hot-air  current  may  vaporize  a  por- 
tion of  the  water  in  the  cleanser  E, 
which  is  also  supplied  under  pressure, 
p  The  strength  is  in  the  outer  wails. 

Stillman,  August  9,  1864.      The  air- 
heating  chamber  is  surrounded  by  a  steam- 
generator,  the  steam  from  which  is  made 
the  means,   by  injectors,   of  introducing 
the  supply  of  air  below  the  grate  of  the 
furnace,  and  also  at  a  higher  point,  where 
it  acts  to  assist  the  draft.     For  this  pur- 
pose the  steam  in  the  generator  is  maintained  at  a 
nigher  temperature   than   the   air  in  the  furnace, 
and  acts  as  a  substitute  for  the  air-pump  in  afford- 
ing a  supply  of  air  for 


Fig.  88. 


StiUman^s  Hot- Air  and 
Stfntn-  Generator, 
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as  an  eflTective  agent  are  considered  under  Com- 
pressed-air Engine,  which  see.) 

Ist.  Those  in  which  the  air  is  compressed  into  a  res- 
ervoir, emitted  in  graduated  amounts,  heated,  used 
effectively  against  a  piston  in  a  cylinder,  and  then 
discharged.  This  is  the  most  numerous  class.  Some 
of  them  pass  their  aii'-supply  through  the  furnace, 
and  in  others  it  is  only  heated  by  the  furnace.  In 
the  fonner  the  discharge  of  the  air  is  a  necessity, 
not  so  in  the  latter  ;  this  brings  us  to  the 

2d.  Those  in  which  the  air  or  gas  is  not  expended, 
but  the  same  air  is  caused  to  return  to  the  heater 
and  be  again  expanded  and  .utilized.  This  is  the 
subject  of  the  English  patent  of  Glazebrook,  1801, 
and  I^ubereau,  1859  ;  and  the  United  States  patent 
of  the  latter  dated  1849. 

3d.  Those  engines  in  which  the  air  or  gas  is  not 
expended,  but  occupies  two  reservoirs  communicat- 
ing with  the  cylinder  on  the  respective  sides  of  the 
piston  ;  the  air  in  said  reservoir  bein^  alternately 
neated  and  cooled  to  change  its  expansive  force  and 
thus  reciprocate  the  piston.  This  was  the  form  of 
Brunei's  engine,  British,  1804  ;  and  Stirling's, 
British,  1827  ;  and  Peters's,  1862. 

4th.  Those  engines  in  which  water  or  steam  is  min- 
ffled  with  the  air  to  moisten  it  and  keep  the  work- 
ing parts  from  abrasion  ;  in  some  cases  being  intro- 
duced in  quantity  to  be  positively  co-operative. 
These  are  Aero-steam  Engines,  which  see. 

6th.  Those  engines  in  which  the  power  derived  is 
transferred  to  a  body  of  water,  to  prevent  burning 
the  working  parts  and  to  obviate  tne  necessity  for 
air-tight  ioints. 

It  will  be  apparent  that  only  a  few  representa- 
tive examples  can  be  shown  within  the  limits  assign- 
able to  this  subject,  in  which,  as  is  commonly  the 
case,  some  inventors  have  numerous  patents  embra- 
cing details  of  construction,  as  the  working  of  their 
engines  developed  defects  and  elicited  remedies. 

The  first  class  is  after  the  similitude  of  the  Glaze- 
brook,  1797,  and  Lilley,  1819. 

Ericsson  patented  improvements  in  air-engines 
in  1851,  1855,  1856, 1858,  and  1860.  The  following 
affords  an  example  of  one  of  his  endues. 

Ericsson,  specification  patent  of  July  31,  1855,  de- 


Eriesson^s  Air-Ensinf  (1855). 


scribes  the  invention  substantially  as  follows  (the 
illustratioH  is  reduced,  from  the  omcial  draAving,  for 
this  work)  :  — 

b  is  the  working-piston  ;  c,  the  supply-piston  ;  /, 
the  exhaust-port ;  <j,  the  induction-port.  The  re- 
generator consists  of  tubes  k ;  m  are  the  heater- 
tubes.  By  means  of  a  hand  air-pump,  applied  to 
some  part  of  the  regenerator,  a  supply  of  atmospher- 
ic air  is  introduced  at  about  the  pressure  of  the  at- 
mosphere, and  then  the  engine  is  in  a  condition  to 
begin  its  operation.  Starting  with  the  pistons  of 
one  engine  in  the  position  represented  in  the  lower 
view,  Fig.  84,  at  the  extremity  of  their  outward 
stroke,  as  the  crank  «,  moving  in  an  upward  direction 
is  making  that  part  of  its  circuit  near  the  outer 
dead-point,  and  therefore  imparting  but  little  mo- 
tion to  the  working-piston  6,  the  supply-piston  c  is 
carried  from  the  working-piston  and  towards  the  head 
of  the  cylinder  with  a  rapid  motion  by  the  action  of 
the  cam  on  the  roller  of  the  arm  gr,  the  cam  rotat- 
ing in  the  direction  aforesaid,  and  its  acting  face 
being  formed  as  represented,  that  the  piston  may 
be  gradually  started,  rapidly  accelerated,  and,  near 
the  end,  gradually  arrested,  and  there  retained  in  a 
state  of  rest  as  the  extremity,  of  the  cam  passes  the 
roller.  During  this  inward  motion  of  the  supply- 
piston,  tire  working-piston  will  be  opened  by  the* 
pressure  of  the  atmosphere,  to  permit  cold  air  to 
enter  and  fill  that  part  of  the  cylinder  between  the 
two  pistons.  So  soon  as  the  supply-piston  stops, 
the  exhaust-|)ort  closes,  and  the  continued  inward 
motion  of  the  working-piston  begins  to  compress 
the  cold  air  thus  supplied,  which  of  course  closes 
the  self-acting  valve  rf,  through  which  the  supply 
was  admitted  by  atmospheric  pressure.  Thus  sup- 
plied, cold  air  continues  to  be  compressed  by  the 
working-piston,  until  the  end  of  its  inward  stroke  ; 
and,  as  tne  power  for  effecting  this  compression  is 
derived  for  tne  time  being  from  the  other  engine,  it 
is  important  to  oljserve  the  condition  of  the  connec- 
tions. At  the  time  the  supply-piston  of  one  engine 
is  started,  and  the  air  is  entering  bv  atmospheric 
pressure,  and  when  the  arm  o,  on  rock -shaft/),  with 
which  the  working-piston  is  connected  by  the  rod 
n,  is  at  its  greatest  leverage,  the  coiTesponding  aim 
of  the  rock-shaft  of 
the  opposite  engine 
is  at  its  shortest  lev- 
erage, but  is  moved 
inwards,  and  the  sup- 
ply-air, by  reason  of 
tx'ing  gradually  com- 
pressed, increas(is  the 
resistance,  the  arm  o 
gradually  shortens  in 
leverage,  and  the 
same  arm  of  the  op- 
posite engine  gradu- 
ally, and  in  nearly  the 
same  ratio,  increa.ses 
in  leverage,  on  the 
principle  of  the  bent 
levor  ;  thus  applying 
the  power  required  to 
compress  the  supply- 
air  to  the  best  ad- 
vantage. It  should 
be  borne  in  mind, 
.  however,  that  the 
^  power  thus  applied 
to  compress  the  sup- 
ply-air IS  not  actually 
expended,  but  merely 
borrowed  ;  for  it  is  so 
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much  added  to  the  elastic  force  of  the  air  by  which, 
when  heated,  the  engine  is  impelled. 

Just  before  the  supply-piston  begins  the  inward 
stroke,  just  described,  the  eductiou-valve  g  is 
opened,  the  induction-valve  h  having  been  previ- 
ously closed  so  that  the  charge  of  the  heated  air,  by 
which  the  previous  stroke  of  the  engine  was  effect- 
ed, is  permitted  to  escape  freely  into  the  atmos- 
phere, so  that  the  power  required  to  move  the 
supply-piston  inward  is  very  slight,  the  air  escap- 
ing freely  to  the  atmosphere  on  one  side,  and  enter- 
ing by  atmospheric  pressure  on  the  other,  through 
the  valve  d  ;  but  as  the  heated  air  exhausts  or  es- 
capes from  the  cylinder,  it  passes  around  and  among 
the  series  of  small  tubes  Ar,  of  the  regenerator,  thus 
imparting  its  heat  through  the  metal  of  the  tubes  to 
the  cold  air  contained  inside  of  the  tubes,  which  air 
is  thus  partially  heated  preparatory  to  being  finally 
heated  in  passing  througn  the  heater- tubes.  In  this 
way  much  of  the  heat  which  would  be  otherwise 
wasted  is  saved.  The  supply  of  cold  air  having  been 
introduced  and  compressed,  the  engine  is  prepared 
to  be  impelled  by  the  expansive  force  of  the  heated 
air.  The  eduction-valve  gr,  having  been  closed  dur- 
ing the  greater  part  of  the  inward  motion  of  the 
working-piston,  the  induction-valve  h  is  now 
opened,  which  admits  the  heated  air  from  the  heat- 
er of  the  cylinder  by  which  the  supply-piston  is 
forced  outwards  towards  the  working-piston.  The 
form  of  the  fall  of  the  cam  I  ia  such  as  to  cause 
the  piston  to  be  carried  back  with  a  rapid  acceler- 
ated motion,  until  it  comes  nearly  in  contact  with 
the  working-piston  ;  and,  at  first,  in  this  outward 
motion  of  tne  supply-piston,  the  already  com- 
pressed supply-air  between  the  two  pistons  is 
still  further  compressed,  not  by  the  power  of 
the  engine,  but  by  the  elastic  force  of  tne  heated 
air,  the  supply-piston  being  as  it  were  suspended 
between  the  heated  air  from  the  heater  on  one  side 
and  the  cold  air  of  the  other,  with  the  self-acting 
valve  r  (in  the  side  of  the  cylinder)  interposed  be- 
tween the  two  ;  for  it  must  be  remembered  that,  as 
the  heater  and  regenerator  are  in  communication, 
the  air,  which  is  a  perfectly  elastic  fluid,  will  be  un- 
der equal  pressure  m  both,  notwithstanding  a  por- 
tion is  more  highly  heated  than  the  other  ;  and,  as 
the  supply-air  in  the  cylinder  is  simply  separated 
from  tne  air  in  the  regenerator  by  the  interposed 
valve  r,  in  the  side  of  the  cylinder,  the  supply-pis- 
ton will  bo  moved  outwards  by  the  heated  air,  until 
the  supply-air  is  compressed  to  an  equal  tension, 
and  then  the  further  motion  of  the  supply-piston, 
effected  by  the  cam  /,  as  it  approaches  tne  working- 

Siston,  will  transfer  the  supply-air  from  the  cylin- 
er  to  the  regenerator,  through  valve  r.  The  only 
power  expended  by  the  engine  in  this  transfer  will 
be  the  small  amount  required  to  move  the  supply- 
piston,  between  two  equal  pressures,  to  give  the 
slight  preponderance  to  the  one  necessaiy  to  open 
the  valve  r,  through  which  the  transfer"^  is  made. 
The  moment  the  supply-piston  passes  this  valve  and 
overtakes  the  working-piston,  the  preponderance  of 
pressure  ceases,  and  the  valve  closes  by  gravity. 

The  specification  states  :  **  I  claim  the  method  of 
supplying  fresh  air  to  the  engine,  compressing  and 
transfemng  it  to  the  regenerator  and  heater,  or 
either,  by  the  action  of  the  supply  and  working 
pistons  within  the  one  cylinder,  operating  on  the 
principle  and  in  the  manner  substantially  as  de- 
scribed, whereby  the  air  is  admitted,  under  atmos- 
pheric pressure,  as  the  supply-piston  is  moving  from 
the  working-piston,  as  the  previous  chaige  of  heated 
air  is  exhausting ;  so  that  the  said  supply-piston 
moves  in  equilibrio,  or  nearly  so,  and  by  which 
6 


also  the  supply-air  is  finally  compressed  and  then 
transferred  to  the  regenerator  and  heater,  or  either, 
as  the  supply-piston  moves  between  the  supply-air 
and  heated  air,  during  the  periods  of  the  nearly  sta- 
tionary position  of  the  working-piston. 

**I  also  claim,  in  combination  with  the  double- 
piston  movement  of  each  cylinder,  the  methods  of 
connecting  the  working-pistons  of  two  single-acting 
engines  to  constitute  a  double-acting  engine,  by 
means  of  two  sets  of  vibratory  arms  attached  to  each 
other,  and  vibrating  on  a  common  center  connected 
with  the  two  working-pistons,  and  with  the  two 
cranks  on  opposite  sides  of  the  crank-shaft,  the  two 
sets  of  arms  acting  on  the  principle  of  the  bent- 
lever,  and  the  crank -shaft  being  so  located  relatively 
to  the  cylinders  and  the  centers  of  vibration  of  the 
arms,  substantially  as  described,  that  the  working- 
piston  shall  be  at  the  end  of  its  inward  stroke  at  the 
time  the  crank  is  passing  the  dead  point  farthest 
from  the  jwint  of  connection  of  the  connecting-rods 
with  the  vibrating-arm,  as  described,  by  which  the 
power  of  that  working-piston  which  is  being  im- 
pelled by  the  heated  air  is  applied  to  the  best  ad- 
vantage to  operate  the  other  working-piston  during 
its  return-stroke,  and  by  which  also  the  working- 
piston  I'emains  nearly  at  rest  during  the  time  the 
supply-piston  is  making  that  part  of  its  outward 
stroke,  during  which  the  partially  compressed  air  is 
finally  and  fully  compressed  and  transferred  to  the 
regenerator  and  heater,  or  either,  as  described." 

Since  the  experiments  on  a  large  scale,  a  smaller 
size  of  the  Ericsson  engine  has  been  made  efficient. 

An  Englishman,  who  was  deputed  to  examine  the 
engine,  made  a  published  report  in  which  the  fol- 
lowing is  found  :  — 

"  They  all  gave  complete  satisfaction  and  appar- 
ently ample  power  for  the  purposes  to  which  they 
were  applied  ;  but  without  experiment  it  is  impossi- 
ble to  say  what  quantity  of  power  they  actually 
furnish  respectively,  but,  judging  by  the  appearance 
of  things,  they  all  worked  well  and  with  surpris- 
ing regularity,  evidently  developing  a  much  larger 
amount  of  power  from  a  given  quantity  of  coal  than 
could  be  obtained  from  steam-engines,  as  at  present 
constructed,  of  corresponding  powers.  And  being 
such  that  they  may  be  placed  m  any  location  from 
which  a  chimney  may  be  reached,  and  not  requiring 
water  or  skillea  attendance,  they  are  particularly 
desirable  as  a  driving  power  for  small  manufac- 
turers, who  are  thereby  enabled  to  conduct  their 
operations  in  the  business  parts  of  the  cities,  by 
occupying  upper  lofts. 

"  No  attention  is  required  for  them  while  run- 
ning, beyond  what  is  necessary  to  throw  in  a  few 
coak  occasionally,  which  is  all  that  is  required  to 
keep  up  a  constant  and  uniform  motion,  —  which 
considerations  become  of  importance  to  those  who 
require  a  small  power  only. 

"As  to  the  appreciation  of  this  machine  by  the 
public,  it  may  well  be  said  that  whereas  it  was  a  few 
years  ago  looked  upon  as  a  mere  mechanical  curi- 
osity, it  is  now  regarded  and  acknowledged  as  a 
reliable  motive  power." 

The  "London  Engineer"  adds  :  "That  it  is  pos- 
sible to  construct  an  air-engine  which  will  bum 
less  coal  than  an  average  steam-engine  has  been 
almost  proved,  but  it  is  wrong  to  argue  from  this 
that  the  steam-engine  is  *  used  up.'  Something 
more  is  wanted  than  economy  of  fuel.  We  need 
permanence,  absence  of  wear  and  tear,  compactness, 
simplicity,  and  safety.  In  every  one  of  these  points, 
except  perhaps  the  last,  hot-air  engines  cannot  bear 
a  moment's  comparison  with  the  steam-engine.  No 
large  hot-air  engines  have  ever  been  constructed  and 
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worked  with  success.  The  rubbing  surfaces  must 
be  huge,  and  an  efficient  lubrication  becomes  an 
impossibility,  hence  friction  is  enonnous.  The  di- 
mensions of  the  working  parts  must  be  very  great, 
or  the  temperature  of  the  air  very  high.  Surfaces 
nearly  red  hot  cut  into  each  other,  and  friction  nins 
away  with  the  power  of  the  machine,  the  destruc- 
tion of  which  is  imminent  each  day.  Considerable 
improvements  may  be  effected  in  lubrication,  but 
experience  with  the  steam-engine  conclusively 
proves  that  the  limit  of  temperature  consistent  with 
practical  working  is  very  soon  passed.  It  is  not 
safe  to  use  superheated  steam  much  hotter  than 
280  degrees,  the  cast-iron  of  the  cylinders  and 
valve  faces  becoming  disintegrated  and  spoiled  at 
higher  temperatures.  If  air  of  no  greater  tempera- 
ture is  used,  we  have  an  effective  pressure  of  not  more 
than  7  lbs.,  or  thereabouts,  per  square  inch.    Marine 

Fig.  85. 


SliUman^s  Air-Engine. 

engines  with  cylinders  of  100  inches  in  diameter  must 
be  replaced  under  such  a  condition  with  others  of  15 
feet  or  16  feet  in  diameter.  Then  would  come  huge 
air-pumps  and  regenerators.  The  machinery  would 
take  up  as  much  space  as  boil- 
ers and  steam-engines  togeth- ' 
er  ;  and  all  this  to  save  per- 
haps a  quarter  of  a  pound  of 
coal  per  horse  per  hour." 

Stillman,  June  26,  1860. 
The  air  is  compressed  and 
worked  in  a  single  cylinder 
by  a  single  piston.  The  air 
is  compressed  in  the  space 
below  the  piston  By  passes 
by  pipe  E  to  the  heater,  and 
thence,  by  valve  F  to  the  ef- 
fective'space  A  above  the  pis- 
ton. As  the  piston  rises,  air 
is  drawn  in  between  the  hol- 
low piston-rod  B  and  the 
plunger  0,  cooling  the  for- 
mer, and  is  ejected  again  as 
the  piston  descends.  The  in- 
duction-air enters  at  pipes  art, 
as  the  piston  rises,  the  an- 
nular valve  R  being  raised  by 


the  friction  of  its  stuffing-box  upon  the  hollow  piston- 
rod  B'.  The  cylindrical  chamber  X  is  attached  to 
the  piston-rod  B,  and  rises  and  falls  therewith  so 
as  to  alternately  draw  and  expel  air  through  the 
annular  space    be-* 

tween  it  and   the  Flir.  86. 

cylinder,  for  the 
purpose  of  cooling 
the  latter. 

Roper,  June  9, 
1863.  The  furnace 
is  lined  with  fire- 
brick on  all  sides 
except  the  bottom. 
The  air  is  con- 
densed in  the  pump 
above  and  passes 
down  by  the  pipe 
Zy  being  admitted 
above  or  below  the 
grate  in  quantities 
proportioned  to  the 
requirements  of  the 
fuel.  The  air  passes 
from  the  furnace  A 
by  an  opening  rf,  • 
and  is  admitted,  on  1 
the  rising  of  valve 
a,  to  the  space  H, 
when  it  is  ren- 
dered effective 
against  the  piston 
B.  The  exhaust- 
valve  h  is  raised 
to    allow   the    de-  ^ 

scent  of  the  piston,  Roper'^s  Air-Engine. 

the    valves    being 

automatically  worked  by  the  usual  means,  and  the 
cut-off  being  adjustable  as  required. 

Baldwin,  February  14,  1865.  In  this  engine 
the  air  is  driven  out  of  the  force-pump  A  by  the 
descent  of  the  piston  B^  which  is  connected  by  pit- 
man C  with  the  crank  D.  The  air  from  the  pump 
A  passes,  by  passages  ff,  to  the  tuyeres  /  around  the 
furnace  J,  into  which  it  issues  by  a  series  of  open- 
ings on  the  inner  faces  of  the  annular  tuyeres. 
These  air-passage  rin^  are  interchangeable  with 
the  movable  rings  which  form  the  lining  of  the 
furnace.  The  air  passes  from  the  primary  to  a 
secondary  furnace,  and  thence  by  passages  and 
valve-ways    to    the   working-cylinder  3/,  where  it 

Fig.  87. 


Bnltlwin's  Air-Engine. 
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acts  upon  the  piston  F  to  raise  the  walking-beam 
E,  and  the  latter  connects  by  pitman  G  with  the 
cmnk  D. 

The  disk-valves  are  made  of  flexible  material,  and 
are  guided  by  marginal,  vertical  pins,  which  form 
a  cage  to  restrain  the  disks  from  lateral  movement, 
but  permit  free,  vertical  play.  The  air,  after  ex- 
panding in  the  working-cylinder,  becomes  sensibly 
colder  and  is  exhausted  into  the  atmosphere.  A 
connecting-rod  eccentrically  joumaled  to  the  main- 
shaft  operates  toes  which  trip  the  inlet  and  exhaust- 
valves  of  the  working-cylinder. 

Messer,  March  7,  1865.  The  cylinder  Ay  air- 
pump  ^,  and  furnace  C  are  on  a  plane,  and  the  fced- 
Dox  D  over  the  latter.  The  packed  portion  of  the 
piston  works  in  the  upper  part  of  the  cylinder, 
which  is  cooled  by  air  in  the  passa^  ^,  leading  from 
the  air-pump  to  the  furnftce.  A  check-valve  in  the 
passage  prevents  the  reflux  of  air.  The  foundation- 
pkte  of  the  en^ne  has  high  sides  m,  and  forms  a 
water-reservoir  m  which  steam  is  generated  by  ra- 
diation from  the  furnace-walls.  A  top-plate  n  forms 
the  top  of  the  resei-voir,  and  the  cylinder  is  pro- 
tected by  a  double  wall  which  prevents  immoder- 
ate subtraction  of  heat  therefrom.  Air  from  the 
pump  circulates  through  the  hollow  grate-bars.  A 
pump  is  provided  for  ii^ecting  combustible  fluid,  to 
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Fig.  89. 


Witeox^s  Air-Engine. 


Fig. 


Messer'' s  Air- Engine. 

mix  with  the  solid  fuel  in  the  furnace,  and  all  the 
volatile  products  of  combustion  are  passed  through 
the  working-cylinder,  the  induction  and  eduction 
valves  being  worked  in  the  usual  manner. 

Wilcox,  May  16,  1865.  This  engine  is  sub- 
stantially on  the  principle  of  the  engine  of  Sir 
George  Cayleys  (about  1830).  The  fire  is  fed  with 
air,  under  pressure  of  a  pump,  and  the  volatile  pro- 
ducts of  combustion  are  passed  through  the  work- 
ing-cylinder. 

With  each  descent  of  the  piston  air  is  drawn 
through  the  inhaling  valve  Fy  and  fills  the  space 
above  the  piston.  On  the  ascent  of  the  valve  the 
air  is  driven  through  the  re^nerator,  and  becomes 
partially  heated  by  contact  with  the  ducts  carrying 
out  heated  exhaust-air.  It  thence  passes  by  pipe  S 
to  the  furnace,  a  part  entering  above  and  a  part 
below  the  grate  as  regulated  oy  the  faucet-valve. 
This  valve  is  worked  automatically  by  a  thermostatic 
arrangement,  so  that  when  the  fire  oecomes  unduly 
heated  the  supply  driven  through  the  fuel  is  de- 
creased and  combustion  checked.  The  compressed 
and  heated  air  thence  passes,  by  pipe  By  to  the 


valve-chest  /.  The  raising  of  the  valve  admits  air 
to  the  effective  space  below  the  piston,  and  closes 
by  the  tripping  of  the  adjustable  cut-off  arrange- 
ment ;  this  is  effected  late  or  early  in  the  stroke, 
as  may  be  required. 

The  doors  of  the  furnace  and  ash-pit  are 
secured  by  cramps  and  hollow  bolts  to  the 
walls,  and  are  removable  to  replenish  the 
fuel,  or  for  grinding  or  packing  to  make  an 
air-tight  joint. 

2.  The  second  class  is  as  the  principle  of 
the  English  patents  of  Glazebrook,  1797 ;  and 
Parkinson  and  Crosley,  1827. 

Laubereau,  April  10,  1849 ;  patented  in 
England,  1847.  Tnis  engine  is  the  first  which 
embodies  the  peculiar  features  of  a  furnace  in 
the  air-heating  chamber,  and  a  hollow  plunger 
of  corresponding  form. 

The  air  is  alternately  dilated  and  contracted 
by  absorbing  and  giving  out  caloric,  the  air 
when  separated  by  heat  forcing  up  a  piston 
in  a  cylinder,  which  is  in  turn  forced  down 
by  the  pressure  of  the  atmosphere  when  the 
air  is  condensed  by  the  abstraction  of  heat, 
J  the  air  for  the  alternate  dilatation  and  con- 
traction being  carried  over  a  heating  and 
cooling  surface  by  the  motion  of  a  plunger  in 
a  cylinder  that  communicates  with  the  cylin- 
der of  the  engine.    The  plunger  is  made  hollow,  with 
its  external  and  internal  surfaces  made  of  some  good 
conductor  of  caloric  separated  by  a  non-conductor, 
the  said  plunger  being  adapted  to  move  within  a 
surrounding  cooling- vessel  and  so  combined  with  a 
heating-vessel  made  of  some  good    conductor  of 
caloric,  and  heated  by  the  application  of  heat  inter- 
nally, that  the  said  hollow  plunger  shall  alternately 
cover  and  uncover  it,  and  thus  cause  the  contained 
air  alternately  to  pass  over  the  heated  surfaces  to 
dilate  it,  and   then  over  the  cold  surfaces  to  con- 
tract it,  the  said  surrounding  vessel  being  in  con- 
nection  with   a  cylinder    to  which   is    adapted  a 
working-piston.      The    operation    is    as    follows  : 
before  heat  is  applied,  air  is  admitted,  under  the 
pressure   of    the  atmosphere,  through   one  of  the 
valves  or  cocks  ;  fire  is  then  made   in  the  furnace 
until   the   contained   air  is  dilated;    a  portion  of 
which  is  then  permitted  to  escape  through  one  of 
the  valves  or  cocks,  which  is  then   closed.     The 
heat  is  then  continued  until  the  air  has  acquired 
sufficient  elasticity  to  force   up  the  piston.     This 
communicates  motion  to  the  crank -shaft,  and  toward 
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the  end  of  the  upward  motion  of  the  piston,  the 
cam  on  the  main  shaft  moves  the  plunder  until  it 
covers  the  heater,  and  this  motion  of  the  plunger 


Fig  90. 


Laubfreau's  Air-Engine  (1847). 

causes  the  air  contained  between  it  to  pass  l^e- 
tween  its  outer  surface  and  the  inner  surface  of  the 
surrounding  vessel,  and  to  accumulate  at  the  back 
end  of  the  plunger,  so  that,  the  heat  being  en- 
tirely shut  in,  the  air  is  cooled  by  contact  with 
the  cold  surface  of  the  surrounding  case  and  outer 
surface  of  the  plunger,  the  air  thus  contracted  pro- 
ducing a  partial  vacuum  which  permits  the  piston 
to  be  forced  down  by  the  pressure  of  the  atmosphere 
above.  As  the  piston  approaches  the  end  of  its 
downward  stroke,  the  cam  moves  back  the  plunger, 
which  transfers  the  cold  air  fix)m  the  outsiae  to  the 
inside,  thus  causing  it  to  pass  in  a  thin  film  over 
the  surface  of  the  heater  and  the  inner  and  heated 
surface  of  the  plunger.  It  is  thus  again  dilated,  that 
by  its  elasticity  it  may  again  force  up  the  piston. 

Fig.  91. 


Laubrreau't  AirEn^fU  (I860). 


In  this  way  each  stroke  of  the  plunder  causes  the  air 
to  pass  over  the  heated  surfaces  to  dilate  it,  and  then 
over  the  cold  surfaces  to  condense  it.     The  plunger 

also  has  the  effect  to 
shut  in  the  heat  of 
the  heater,  receiving 
heat  therefrom  in 
the  mean  time  while 
its  external  surface 
is  kept  cold  by  the 
surrounding  case, 
the  non-conductor 
intei-posed  between 
them  preventing  the 
heat  of  the  internal 
surface  from  being 
transmitted  to  the 
external  surface. 

This  engine  has 
been  since  modified 
(patent  in  England, 
July  22,  1859)  by 
the*  introduction  of 
a  valve  in  the  pas- 
sage between  the 
heater  and  work- 
ing-cylinder, and  at 
the  eduction  from 
thence  into  the 
pipes  which  conduct 
the  air  back  from 
the  working  -  cylin  - 
der  to  the  cool  end 
of  the  chamber. 

This  air-engine  is 
said  to  be  coming 
into  great  favor  on 
the  continent  of  Eu- 
ro^, and  in  the  later 
form  is  very  compact.  The  operation  of  the  engine 
is  so  similar  to  the  preceding  that  it  does  not  call 
for  a  lengthy  description.  The  jacket  around  the 
cool  end  of  the  air-cnamber  has  a  current  of  water, 
or  some  other  means  of  refrigeration,  so  as  to  render 
it  more  i)rompt  and  efl'ective  in  its  action  on  the  air. 
The  worldng-cylinder  is  connected  alternately  to 
the  it*spective  ends  of  the  chamber  below,  by  pas- 
sages wliose  valves  o|)en  and  close,  according  to  the 
direction  of  the  cunvnt. 

ScHWAUTZ,  December  20,  1864.     This  invention 
is  thus   described  olficially  :    *'  The  object  of  this 
invention  is  to  produce  an  air-engine  to  work  upon 
the  recuperative  system,  and  thus  to  use  the  same 
air  over  and  over.     Its   novelty  consists,  first,  in 
the  generator,  which  is  composed  of  a  strong  flat- 
sided  vessel,  with  rounded  neck  at  the 
top,  which  is  suspended  over  the  fire  in 
the  furnace.     From  the  bottom  of  this 
generator  protrude  downwards  sevei-al 
bottle-shaped  tubes  w^hich  are  open  to- 
wai-ds  the  inside  space  of  the  generator. 
This  generator  is  filled  with   a  liquid 
whose   boiling-point  is  veiy   high,  say 
from  500**  to  700^     The  air  heated  in 
the  generator  passes  through  a  pipe  to 
the  cylinder,  which  constitutes  the  sec- 
ond novel  feature  of  the  engine,  and  is 
composed  of  three   distinct  parts,   the 
central  one  of  which   is  the  workinc- 
cylinder,  the  end  ones  being  filled  wim 
small  tubes,  into  which  rods  are  fastened 
to  the  piston -neck  for  the  purpose  of 
^  Agitating  the  entire  body  of  air  durinff 
the  process   of  expansion.     The  third 
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feature  of  novelty  consiBts  in  passing  the  gas,  after 
it  has  expended  its  force  upon  the  piston,  through 
the  generator,  which  is  constructed  rectangularly, 
and  has  a  dividing  plate  in  its  center.  This  vessel 
is  filled  with  horizontal  tubes,  which  are  closed  at 
both  ends,  and  are  partially  filled  with  a  fluid  which 
is  designed  to  extract  the  heat  from  the  air  or  gas 
as  it  passes  from  the  engine,  and  transmits  it  to  the 
air  which  is  passing  to  the  opposite  side  of  the 
piston." 

3.  The  third  class  is  on  the  principle  of  the  Stir- 
ling engine,  described  in  a  preceding  portion  of 
this  article. 

Peters,  November  18,  1862.     The  air  is  heated 

Fig.  92 


Peters'' s  AirEugi ne 

in  two  vessels  connected  with  two  opposite  ends  of 
the  working-cylinder,  and  the  invention  consists  in 
so  ojierating  the  two  plungers  that 
the  one  in  either  heating- vessel  is 
stationary  in  its  uppermost  posi- 
tion, ^ith  the  space  below  it  full 
of  heated  air,  wtiile  the  working- 
piston  is  making  the  stroke  from 
the  end  of  the  cylinder  in  con- 
nection with  that  vessel,  the  plun- 
ger in  the  other  heating  vessel  mak- 
ing both  its  upward  and  downward 
stroke  in  the  mean  time,  and  caus- 
ing the  latter  vessel  to  be  filled 
with  heated  air  to  produce  the 
return  stroke  of  the  working-pis- 
ton. The  gland  which  is  used  to 
compress  the  packing  in  the  stuf-  ^ 
fin^-box  is  made  with  a  deep  cup  *J 
in  Its  upi)er  part  for  the  reception 
of  oil,  and  around  the  up|)er  edge 
of  this  cup  is  secured  a  leather 
collar  in  close  contact  with  the 
plunger-rod,  so  as  to  prevent  the 
escape  of  air. 

The  engine  of  Napier  and  Rankike,  patented  in 
the  United  States,  September  19,  1864,  and  in  Eng- 
land June  9,  1853,  is  of  this  class. 

4.  The  fourth  class  includes  those  which  use  steam 
to  lubricate  the  parts  ;  an  example  will  be  given, 
but  it  is  not  to  be  inferred  that  it  is  confined  to 
one.  The  immense  expenditure  of  grease  has  in- 
duced the  use,  in  many  or  perhaps  most  of  the  air- 
engines,  of  moistened  air  as  suggested  by  Glaze- 
brook  1797,  Oliver  Evans  about  the  same  time,  and 
by  Bennet  1838. 

BiCKFORD,  June  6,  1865.  The  air  is  compressed 
in  the  reservoir  by  an  annular  piston  ;  entering  at 
the  valve  D  during  the  down  stroke,  and  passing 
through  the  piston  during  the  up  stroke.  It  U 
moistened  by  passing  through  a  body  of  water  B 


Fig.  96. 


Biek/oriPs  Air- Engine. 

before  reaching  the  compressed-air  reservoir  J,  See 
Abro-steam  Engine. 

5.  Of  the  fifth  class  is  the  patent  of  Shearer, 
September  3,  1861  ;  in  which  two  cylinders  are 
used  "with  two  pistons,  the  faces  of  which  are  in 
contact  with  water,  which  is  caused  to  pulsate  by 
the  action  of  bodies  of  air.  Tlie  air  is  acted  upon 
alternately  by  heating  and»refrigerating  means. 

Kritzer,  July  29,  1862.  This  invention  also 
belongs  to  the  fifth  class. 

The  working-cylinder,  shown  in  longitudinal  sec- 
tion in  Fig.  94,  is  filled  with  water,  which  also  extends 
into  the  lower  portion  of  each  of  the  vertical  cylin- 
ders above.  Tne  lower  portion  of  each  upper  cyl- 
inder forms  an  air-condensinff  space.  The  spaces 
/),  above  the  pistons  J,  are  the  air-heating  spaces 
where  it  is  made  effective.  To  the  bottom  of  each 
piston  is  attached  a  sprinkling-trough  of  light  metal, 
with  perforated  sides,  so  that  at  each  descent  of  the 

lig.  94. 


Eritxer's  Air-Bngim. 

piston  it  will  be  filled  with  water,  and  as  it  rises 
will  distribute  the  same  upon  the  inside  of  the  cyl- 
inder. 

Air^-en'-gine,  Corn-pressed'.  Under  the  head- 
ings Air  AS  A  Means  of  transmitting  Power, 
Compressed-air  Engine,  Air  as  a  Water-ele- 
vator, reference  has  been  made  to  the  use  of  com- 
pressed air  as  a  motor.  The  devices  incident  to  the 
application  of  the  air  to  drive  machinery  have  usu- 
ally been  of  a  character  similar  to  those  of  a  steam- 
engine.  A  piston  reciprocating  in  a  cylinder  by  the 
impact  of  the  air  admitted  to  the  sides  alternately, 
the  induction  and  eduction  being  governed  by 
valves. 

In  the  Govan  Collierv,  Scotland,  the  compressed 
air  is  made  to  drive  a  high-pressure  engine  at  the 
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bottom  of  the  shaft.  See  Compressed-air  Engine. 
At  the  Hoosac  Tunnel  the  drills  are  driven  by  com- 
pressed air,  and  the  same  is  true  of  the  tunneling- 
machine  used  at  Mont  Cenis  Tunnel,  lately  com- 
pleted.    See  Tunnel. 

Air'-es-oape'.  An  air-trap  which  allows  air  to 
escape  from  the  upper  bend  of  a  water-pipe.  It 
consists  of  a  ball-cock,  which,  in  falling  a  certain 
extent,  opens  the  air-valve,  and  closes  when  the 
water  rises  to  the  level  for  which  it  is  set. 

Air'-ez-haust'er.  An  air- trap,  by  which  collect- 
ed air  may  escape  from  water-mains,  etc. 

An  air-pump,  or  vacuum-fan,  by  which  effete  air 
is  removed  from  a  shaft,  mine,  room,  or  other  place. 

A  vacuum  ventilator  in  contradistinction  to  a 
plenum  ventilator,  which  operates  by  forcing  in  air. 

Air'-fil'ter.  Dr.  Stenhouse's  air-filters  were  set 
up  at  the  Mansion  House,   London,  in  1854. 

The  mode  of  filtering  air  is  by  a  wire  screen, 
which  arrests  floating  and  flying  bodies  of  any  mag- 
nitude, and  then  exposes  the  current  of  air  to  the 
contact  of  water. 

The  most  conmion  exemplifications  of  the  devices 
are  to  be  found  in  the  railroad-car  ventilators.     In 

Fig.  95. 


Fig.  97. 


Ruttan's  Car- Ventilator. 

Ruttan's  patent,  January  9,  1866,  the  air  is  caught 
by  hoods  above  the  car-roof,  and  led  into  a  chamoer 
where  the  plashing  water  absorbs  the  dust  and  also 
confers  upon  the  air  a  wholesome  moisture.  '  In 
winter,  in  addition  to 
Fig.  96.  this  purification,  the  air 

is    conducted    through 
the    heating  -  chambers 
i  of  a  stove  before  being 
I  disseminated  inside  the 
ir. 

Medcalfe's  appara- 
_  tus  for  ventilating  rail- 
road-cars,  January  22, 
1856.  The  current  of 
air  is  received  by  a  self- 
regulating  bonnet  on 
the  roof,  and  conducted 
by  several  passages  to  a 
water-chamber,  whence 
it  passes  through  a  num- 
ber of  fixed  wire  screens  before  reaching  the  interior 
of  the  car.  The  air  is  carried  into  the  car  through  reg- 
isters or  by  pipes  around  the  stove.  From  the  car  it 
passes  through  a  similar  apparatus,  devoid  of  water. 

Bausman,  April  9,  1861.  In  the  upj^er  part  of 
either  end  of  and  extending  across  the  car  is  i>laced 
a  trunk  or  box,  having;;  near  its  orifice  a  depression 
which  forms  a  water-chamber,  in  which  are  mounted 
a  series  of  fans,  so  arranged  as  to  be  set  in  motion 


Mfdcal/e^s  Air-FtUer. 


Bttusman's  Car- Ventilator. 

by  the  resistance  of  the  air  as  the  car  moves  along. 
Above  the  fans  is  a  water-chamber,  the  bottom  of 
which  is  perforated  to  allow  the  water  to  drop  on 
the  fans.  In  the  rear  of  the  trunk  is  ft  register  for 
admitting  air  to  the  car,  the  air  being  divested  of 
dust  in  passing  through  the  spray  caused  by  the 
operation  of  the  fans. 

FuRNis,  September  17,  1861.   Arranged  within  the 
flaring  mouth  of  a  case  is  a  wind-wheel  connected 
with  a  shaft.     Upon  the  shaft  are  secured  a  series 
of  radiating  arms  and  a  perforated  disk,  which  re- 
Fig  98 


Fumis^s  Ventilator. 

volves  in  a  water-chamber  as  the  car  moves  alonff, 
so  that  tihe  particles  of  dust  coming  in  contact  witn 
the  arms  will  adhere  to  the  same,  and  the  air  enter 
the  car  in  a  cool  and  pure  state. 

Beardslet,  October  29,  1861.  A  galvanized 
iron  case  contains  a  reservoir  and  a  perforated  plate, 
and  is  provided  with  a  funnel-shaped  tube,  which 
passes  into  the  ventilator  a  little  below  said  }>erfo- 
rated  plate.  Another  tube  passes  through  the  car 
and  enters  the  top  of  the  ventilator.     I^ae  fimnel- 


Fig.  99. 


Beardsley's  Car- Ventilator. 
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shaped  tube  by  which  the  air  enters  the  ventilator 
is  aajusted  by  means  of  a  rod  passing  through  the 
top  of  the  car,  the  open  end  oein^  turned  in  the 
direction  in  which  the  car  is  moving ;  the  other 
tube  receives  the  foul  air  from  the  car,  whence  it 
passes  through  the  ventilator.  By  reversing  the 
funnel-shaped  tube  the  air  is  ejected  from  the  car. 
Cinders  and  dust  are  prevented  from  entering  the 
car  by  coming  in  contact  with  the  tube,  which  is 
surrounded  with  water. 

In  Whelpley  and  Stoker's  apparatus  for  remov- 
ing dust  and  gases  from  air,  March  6,  1866,  the 
spray-wheel  and  the  draft-wheel  are  placed  in  sepa- 
rate and  communicating  chambers.  The  object  is 
to  remove  the  dust  and  gases  from  air  which  issues 
from  the  pulverizers  and  3ie  chimneys  of  furnaces  for 

Fig.  100. 


WhdpUy  and  St&rer^s  Drafi  and  Spray  Wheel. 

reducing  metal.  The  air  is  admitted  by  the  trunk 
into  the  chamber,  where  it  is  exposed  to  a  dash  of 
spray  from  the  wheel,  and  thence  passing  to  the  fan- 
cnamber  is  subjected  to  jets  of  liquid,  chemically 
prepared  to  act  upon  the  gases  present.  The  jets 
proceed  from  the  hollow  shaft,  which  is  pierced  with 
noles  for  that  purpose. 

Herbon,  January  12,  1858,  attaches  to  the  pul- 
pit or  rostrum  an 
^- 101.  air-pipe  by  which 

a  supply  of  fresh, 
pure  air  is  afforded 
to  the  speaker. 
The  air  in  its 
course  is  passed 
through  a  trough 
and  beneath  a  plate 
which  forms  a  trap. 
Water  in  the  trough 
imparts  moisture 
to  the  air,  and  at 
the  same  time  ar- 
rests dust  and  such 
extraneous  matters 
or  vapors  as  are 
soluble  in  water. 
The  latter  mav  be 


Herron^s  Vidpit-  Ventilator. 


medicated  to  impart  the  desired  quality  to  the  reader 
or  speaker,  and  the  valve  is  adjustable  to  permit  the 
free  exit  or  turn  the  current  through  the  water- 
trough  as  may  be  required. 

Alr'-flue.  A  tube  by  which  heated  air  is  con- 
veyed into  an  apartment. 

Air'-foun'tain.  A  contrivance  for  producing  a 
jet  of  water  by  means  of  compressed  air. 

Air'-fun  nel.  A  cavity  formed  by  the  omission 
of  a  timber  in  the  upper  works  of  a  vessel,  to  form 


a  duct  for  the  admission  of  pure  air  and  the  escape 
of  foul. 

Air-far'nace.    A  term  used  to  signify  a  furnace 
having  a  natural  draft,  no  blast. 

Air'-grafing;.    An  iron  grating  in  a  wall,  to 
allow  ventilation. 

Air'-gan.  The  air-^n  is  a  pneumatic  engine 
for  firing  bullets  or  ottier  projectiles  by  force  of 
compressed  air.  The  child's  popgun  illustrates  the 
principle  of  the  air-gun  :  a  pellet  is  forced  through  a 
tube  or  quill  by  a  rammer  from  the  larger  to  the 
smaller  end,  where  it  sticks  fast,  and  anotner  pellet 
is  put  in  'and  pressed  forward  in  the  same  manner, 
condensing  the  air  between  them,  when  the  pressure 
on  the  first  pellet  overcomes  its  frictional  adherence 
to  the  sides  of  the  tube,  the  pellet  is  released,  and 
is  projected  by  the  force  of  the  expanding  air.  The 
ancients  were  acquainted  with  some  kind  of  an 
apparatus  by  which  air  was  made  to  act  upon  the 
shorter  arm  of  a  lever,  while  the  longer  arm  impelled 
a  projectile  ;  and  it  is  said  that  Ctesiphus  of  Alex- 
andria, a  celebrated  mathematical  philosopher,  who 
lived  B.  C.  120,  constructed  an  instrument  in 
which  the  air,  by  its  elastic  force,  discharged  an 
arrow  from  a  tube.  (Montucla,  **  Histoire  des 
Math^matiques,"  Vol.  1.  p.  267.)  The  first  ac- 
count of  an  air-^un  is  found  in  David  Rivault's 
"  El^mens  d'ArtiUeiie."  He  was  preceptor  to  Louis 
XIII.  of  France,  and  ascribes  the  invention  to  a 
certain  Marin  of  Lisieux,  who  presented  one  to 
Henry  IV.  of  France,  about  A.  D.  1600.  An 
instrument  of  this  kind  was  invented  by  Guter 
of  Nuremberg  about  A.  D.  1666.  Various  shapes 
have  been  adopted,  from  that  of  the  ordinary  mus> 
ket  to  a  gun  resembling  a  common,  stout  walking- 
stick.  It  consists  of  a  lock,  stock,  barrel,  and  ram- 
rod ;  and  is  provided  with  proper  cocks  for  filling 
it  with  compressed  air  by  means  of  a  force-pump. 
The  lock  is  only  a  valve  which  lets  into  the  oarrel 
a  portion  of  the  air  compressed  in  a  chamber  in  the 
stock  when  the  trigger  is  pulled.  The  gun  is  loaded 
with  wadding  ana  ball  in  the  ordinary  way,  and 
when  fired  there  is  but  little  noise,  and  none  of 
the  other  concomitants  of  gunpowder,  smoke  and 
odor.  The  usual  range  to  which  the  air-gun  propels 
a  bullet  is  from  sixty  to  eighty  yards.  In  those 
guns  having  a  sliding  trigger,  two  or  three  bullets 
are  successively  and  separatwy  introduced,  and  may  be 
expelled  by  one  mass  of  condensed  air.  Air-guns  have 
also  been  constructed  upon  the  principle  of  revolv- 
ing pistols,  admitting  the  expulsion  of  several  bullets 
after  once  chai^ng  with  compressed  t^r.  Some 
varieties  have  an  air-pump  attached  by  means  of 
which  a  more  powerful  compression  of  air  may  be 
produced.  One  air-gun  in  the  form  of  a  cane  has 
two  barrels,  —  one  small  one  for  the  reception  of 
bullets,  and  one  large  bore  for  the  reservoir  of 
compressed  air.  Elastic  springs  have  also  been 
used  in  connection  with  compressed  air,  but  the 
latest  improvements  are  those  of  Cornelius  Borda. 
The  reservoirs  of  the  gun  are  filled  with  a  mixture 
of  oxygen  and  hydrogen  in  due  proportion  for 
producing  water.  The  gun  is  provided  with  a  small 
electric  littery  connecting  with  the  trigger.  The 
moment  a  portion  of  the  ^as  is  let  out,  an  electric 
spark  is  produced,  occasioning  the  instantaneous 
combustion  of  the  mixture,  and  a  high  pressure  in 
consequence  of  the  excessive  heat  resulting  from  the- 
chemical  transformation.  This  gun  is  said  to  propel 
a  bullet  as  far  as  an  ordinary  musket.  The  noise- 
lessness  of  ordinary  air-guns  is  accompanied  by 
slight  projectile  force,  and  the  gun  of  Borda  in 
exploding  a  body  of  gases  in  confinement  would 
probably  cause  as  niuch  sound  as  the  combustion  of 
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gunpowder  in  quantity  sufficient  to  generate  the 
same  projective  force.  Shaw's  air-gun,  patented  in 
1849,  combines  an  endless  band  of  vulcanized  india- 

Pig.  102 


Air- Gun. 


rubber  with  an  air-exhausting  apparatus  ;  the  elec- 
tricity is  so  applied  as  to  compress  the  air  at  a  single 
stroke  of  the  air-pump  the  moment  before  it  is  dis- 
chaiiged.  The  steam-gun,  exhibited  in  London  a 
few  years  ago,  exemplified  a  much  more  forcible 
agent  than  air  for  the  propulsion  of  bullets. 

In  Fiff.  102  the  upper  chamber  is  the  reservoir 
of  air,  which  is  condensed  therein  by  means  of  the 
piston  and  valve  in  the  stock.  The  lower  tilbe  is 
the  barrel,  and  the  ball  is  rammed  down  to  its  lower 
end  as  usual.  The  gun  being  sighted,  the  motion 
of  the  trigger  moves  the  valve,  which  admits  a  body 
of  air  to  the  rear  of  the  ball  and  expels  it  from  the 
barrel. 

Lindner,  December  16,  1862.  The  lever  con- 
forms in  shape  to  the  stock  of  the  gun,  and  is  the 

Vig.  103 


thence  into  the  barrel,  driving  out  the  projectile. 

This  and  the  preceding  are  only  toy-guns. 

GiFFOBD,  February  9,  1864.  The  barrel  is  in 
communication  with 
the  inside  of  the 
trigger-box,  in  the 
interior  of  which  is 
a  valve-piston,  con- 
sisting of  a  steel  rod 
carrying  a  ring  fitted 
with  a  caoutchouc 
disk  for  closing  com- 
munication. Air  en- 
ters the  barrel  by  a 

bell-shaped  chamber.     By  pressing  strongly  on  the 

extremity  of  the  rod,  the  disk  is  compressed  and 

Fig.  106. 


JJndner''s  Air- Gun. 

means  of  retracting  the  piston.  The  piston,  when 
released  by  the  trigger,  is  driven  forward  by  the 
elastic  force  of  the  condensed  spring,  projecting  the 
bullet  from  the  barrel  by  further  compression  of  the 
air.  The  spring  is  a  helical  ribbon,  and  condenses 
into  a  simple 'coil  when  the  pressure  of  the  lever  is 
applied.  The  barrel  is  breech-loading,  tilting  on  a 
pivot  so  as  to  expose  the  rear  for  the  reception  of 
the  ball,  and  being  locked  shut  by  a  catch.  A  pro- 
jecting india-rubber  ring  at  the  joint  of  the  barrel 
makes  an  air-tight  joint  when  the  barrel  is  closed. 
The  projectiles  have  an  expanding  portion,  which 
enters  the  rifle-grooves  of  the  barrel  to  increase  the 
accuracy  of  the  flight. 

Gedney,  September  24,  1861.     The  hollow  han- 
dle is  formed  of  india-rubber  or  other  flexible  air- 
tight material, 
*^K- 104.  and    communi- 

I  cates    with    a 
[short     tube 
placed  beneath 
the  barrel  and 
connected  therewith  by  means  of  a 
passage.     A  valve  of  cork  closes  the 
between  the  hollow  handle 
and  the  tube,  and  is  pressed  into  its 
seat  by  a  rod.     To  discharge  the  pis- 
tol, the  rubber  handle  is  compressed 
until  the  pressure  of  the  air  over- 
comes the  adhesion  of  the  valve  to 
Gedn^'s  Air-    ^^  ^^*'  when  it  is  driven  back  ;  the 
PistoL         air  then  escapes  into  the  tube  and 


Giffard^t  Air- Gun. 


closes  the  reservoir  orifice.      By  suddenly  releas- 
ing the  piston-valve  the  elasticity  of  the  caoutchouc, 
combined  with  the  pressure  of  the  compressed  air, 
causes  the  sudden  opening  of  the  reservoir  orifice 
and  emits  a  blast  of  air  to   the  rear  of  the  pro- 
jectile.    The  air  is  compressed  into  a  reservoir  be- 
neath the  barrel,  by  means  of  a  piston  working  lon- 
gitudinally in  a  valved  interior  tube,  and  the  valvu- 
lar arrangement  is  to  give  an  instantaneous  emission 
of  air  and  an  immediate  closure,  so  as  not  to  waste 
the  air  by  a  protracted  opening  of  the  valve-way. 
i      The   South   American   Indians  of  the   Amazon 
and  Orinoco  use  a  species  of  air-gun  or  blow^-pipe 
for  propelling  poisoned  arrows.     It  consists   of  a 
long,  straight  tube  in  which  an  arrow  is  placed  and 
expelled  by  the  breath.      Near  Pard,  it  is  very  in- 
geniously made  of  two  stems  of  a  palm,  of  different 
diameters,  one  fitted  within  the  other  to  secure  per- 
fect straightness ;  a  sight  is  fitted  to  it,  near  the 
end.     The  arrows  u.sed  are  fifteen  to  eighteen  inches 
long,  having  a  little  ball  of  down,  from  the  silk 
cotton-tree,  twisted  round  the  smaller  end  so  as  to 
make  it  fit  closely  in  the  tube.     In  the  hands  of  a 
practised  Indian  this  is  a  very  deadly  weapon,  and 
as  it  makes  no  noise   he  frequently  empties   his 
quiver  before  he  gathers  up  his  game. 

Warburton,  the  eminent  naturalist  who  wandered 
in  these  countries,  gives  a  good  account  of  their  modes 
of  hunting.  See  sSso  Humboldt,  and  the  Researches 
of  Sir  Eobert  H.  Schomburgk  in  British  Guiana. 

A  similar  weapon  is  found  among  some  of  the 
Mala^  tribes,  ana  is  called  by  them  the  sumpitan. 

Aristotle  was  acquainted  with  the  fact  tliat  the 
air  has  weight,  stating  that  a  bladder  inflated  with 
air  will  weigh  more  than  an  empty  one  ;  as  he  was 
not  acquainted  with  glass  globes,  which  can  be 
exhausted  of  air  without  losing  their  shape,  we  may 
infer  that  his  statement  with  reganl  to  the  bladder 
was  intended  to  apply  to  a  hypothetical  one  which 
possessed  the  stifthess  of  glass,  or  else  that  the  air 
was  considerably  compressed  in  the  inflated  bladder. 
Hero  of  Alexandria,  in  his  **  Spiritalia,"  shows  his 
knowledge  of  the  elasticity  of  air,  and  how  it  could 
be  used  to  produce  many  effects.  He  shows  the  air- 
pump. 
Ctesibus  developed  the  pump  into  an  air-gun. 
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He  was  probably  the  tutor  of  Hero  ami  the  contem- 
porary of  Archimedes.  Otto  Guerieke  i-eiii vented 
and  applied  the  air-pump  ;  Boyle  made  it  a  valuable 
instrument. 

Air'-heat'er.  A  stove  or  furnace  so  arranged  as 
to  heat  a  current  of  passing  air,  for  warmth  or  ven- 
tilating pui-poses.  See  Heating  Furnace  ;  Heat- 
ing Stove  ;  Heating  Appauatus,  etc. 

Fig.  106. 


Ah' Holder. 

Air'-hold'er.  A  vessel  generally  of  a  cylindrical 
fonn,  with  its  open  end  plunged  in  a  tank  of  water, 
and  intended  to  contain  air  or  gas.  Its  use  is  com- 
mon in  a  vai'iety  of  machines  and  appanitus  where  a 
steady  and  moderate  current  of  air  is  required,  as  in 
machines  for  carbureting  air  and  gas,  aspirators, 
etc.  Also  in  machinery  on  a  larger  scale,  such  as 
blowers,  ventilating-machines,  etc. 

The  air  is  introduced  by  a  bent  pipe  turned  up- 
ward inside  the  tank  and  holder,  and  is  educed  in  a 
similar  manm^.  On  a  small  scale  the  vessel  may 
be  charged  with  air  by  raising  the  upper  valve 
and  lifting  the  holder,  and  the  air  may  be  with- 
drawn by  a  fle.^ible  pipe  attached  to  the  holder.  Sec 
AsiMiiATOR  ;  Caubuketing  Air;  Blower,  etc. 

Air'-hole.  {Foundbig. )  A  hole  or  cavity  in  a 
casting  produced  by  bubbles  of  air  in  the  liquid 
metal.     A  vent-hole  in  a  mold  for  casting. 

{Furnace.)  A  draft-hole  in  a  furnace.  It  is  some- 
times guarded  by  a  register  ;  sometimes  stopped  by 
a  luting  or  plug  of  clay. 

Aix'ing-stage.  A  platform  on  which  powder, 
etc.,  is  dried  by  exposure  to  sun  and  air. 

Air'-jaok'et  An  air-tight  swimming-jacket  ca- 
pabh;  of  inllation. 

A  gaiTOent  with  inflatable  lining  or  pockets  to 
serve  as  a  life-preserver. 

Air'-lev'eL  (Surveying. )  A  goedetic  instrument 
invented  by  M.  Thevenot.  The  level  is  determined 
by  means  of  an  air-bubble  in  a  glass  tube  nearly 
filled  with  colored  spirit.  Generally  tenned  a  spirit- 
level  ;  though  the  air-bubble  is  the  dominant  feature. 
See  Lkvf.l. 

Alr'-lock.  (Hyd.Eng.)  A  pneumatic  contrivance 
in  a  hollow  caisson  whose  lower  chamber  is  filled  with 
compressed  air  to  exclude  the  water.  '  A  tnmk  con- 
nects the  submerged  chamber  with  the  extenial  air, 
and  has  two  valves.  The  descending  workman  en- 
ters a  chamber  in  the  tube  at  the  atmospheric  press- 
ure ;  the  upper  valve  is  closed,  and  his  a^tartment 
is  chained  with  air  from  the  lower  chamber  ;  the 


I  lower  valve  is  then  opened  to  admit  him  to  the 
I  working-chamber. 

The  cut  on  the  page  opposite  is  a  sectional  view 
of  the  East  Pier  and  Caisson  of  the  lUinois  and  St. 
Louis  Bridge,  in  course  of  construction  by  Captain 
James  B.  Eads,  across  the  Mississippi.  The  view 
shows  the  interior  of  the  main  entmnce-shaft  and 
air-chamber,  and  the  working  of  one  of  the  pump. 
The  caisson  is  represented  as  having  descended 
thi-ough  60  feet  of  sand,  silt,  and  gravel  which  form 
the  sand-bed  of  the  river  ;  20  feet  of  excavation  re- 
maining before  the  bed-rock  is  reached. 

The  pier  of  masonry  is  built  on  a  strong  bulk- 
head of  timber  and  iron,  supported  on  a  curb  which 
rests  on  the  sand-bed,  and  is  strengthened  and  siis- 
tained  by  timber  girdere  which  divide  the  working 
space  beneath  into  several  chambers  which  commu- 
;  nicate  through  holes  in  the  jwirtitions.  The  pier  is 
enclosed  by  an  iron  envelope  //,  which  is  water-tight, 
and  prevents  access  of  water  to  the  pier  and  the 
workmen.  Until  the  curb  of  the  caisson  reached 
the  sand-bed  it  was  sustained  in  erect  position  by 
screws  from  the  trusses  of  the  guide-piles,  but  was 
afterwards  preserved  erect  by  digging  away  the  sand 
equally  at  all  the  points  upon  which  it  rested. 
/  /  are  timber  braces  which  sUp]>ort  the  shell  H. 
AT  AT  are  pontons  alongside,  which  support  the 
steam-engine,  air-pump,  mixing  and  hoisting  ma- 
chinery, and  the  offices  and  quarters  for  the 
staff  and  hands.  S  is  the  steam-engine  which 
drives  the  air-pump  i?,  and  the  air  is  conducted  by 
the  hose  U  down  to  the  chambers  B  B,  where  the 
excavating  is  proceeding.  The  sand  is  loosened  by 
water  and  the  pick,  and  is  driven  by  condensed  air 
up  through  the  sand-pumps  E  E^  which  discharge  at 
D.  The  air-locks  ^  ^  are  chambers  intervening  be- 
tween the  main  entrance-shaft  F^  where  the  air  is  at 
the  natural  pi-essure,  and  the  chambers  B  By  where  it 
is  in  a  much  condensed  condition.  The  visitor  steps 
from  the  shaft  F  into  the  air-lock  Ay  the  door  of  in- 
gress is  closed,  and  condensed  air  is  then  adnutted. 
When  an  equilibrium  is  established  between  the 
chambers  A  and  By  the  door  between  is  opened,  and 
the  visitor  finds  himself  on  the  scene  of  action.  As 
the  caisson  descends,  successive  courses  of  stone  are 
laid  on  the  piers  by  means  of  traveling-purchases  0, 
which  move  on  the  wire  ropes  M  J/ by  means  of  hoist- 
ing-ropes X  N.  O  O  are  side  shafts  ;  J  J  cabins  for 
oiwrators  of  purchases  ;  XX  hydraulic  jacks  for  lifting 
materials  ;  V  pipe  for  water  to  sand-pump  ;  V  V 
trusses  for  guide-piles ;  Z  inixing-ix)om  ;  X  office. 
See  Caisson. 

Air'-ma-chine'.  A  machine  forventilatingmines. 

Air'-met'er.  An  apparatus  for  measuring  the 
quantity  of  air  passing  along  a  pipe,  or  pas.sing 
into  or  from  a  chamber. 

There  are  various  foims :  the  fan,  rotating  spiral 
vane,  expanding  bag,  cylinder  and  piston,  revolv- 
ing }iartially  submerged  meter- wheel,  etc.  As  their 
principal  aclaptation  is  to  measuring  gas,  to  avoid 
unnecessary  repetition  they  are  assembled  under 
Gas-meter,  which  see. 

Air'o-hy'dro-gen  Blow'pipe.  An  apparatus 
invented  by  Dr.  Hare,  in  which  the  issuing  air  is 
assisted  by  a  jet  of  hydrogen  to  intensify  the  fiame. 
See  Blowpipe. 

It  is  es|)ecially  used  in  autogenous  soldering. 

Air-om'e-ter.  The  term  is  applied  to  aliollow 
cylinder,  closed  above  and  open  below,  with  its 
lower  edge  plunged  in  a  tank,  and  used  to  con- 
tain air.  Tlie  terra  has  been  derived  from  its  sim- 
ilarity in  sha])c  to  a  gasometer,  the  change  in 
the  first  syllable  indicating  the  difi'erent  contents. 
Its  use  as'  a  meter  is   unfvoquent,  and  it  is  prop- 
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erly  called  an  aii^holder  among  experts.     See  Aik- 

HOLDER. 

Air -pipe.  {SUam-engiiic.)  1.  A  small  copper 
pipe  leading  from  the  top  of  the  hot-well  through 
the  ship's  side,  for  the  discharge  of  the  air  and 
uncondensed  vapor  removed  by  the  air-pump  from 
the  condenser. 

2.  A  pipe  used  to  withdraw  foul  air  from  or  force 
pure  air  into  close  places. 

Air'-poise.  An  Instrument  to  mea.sure  the  weight 
of  air. 

Air'-port.  An  opening  in  a  ship's  side  for  air ; 
closable  by  a  shutter,  side-light,  or  dead-light,  ac- 
eonlinsr  to  circumstances. 

Air'-press'-ure  Fil'ter.  A  filter  in  which  the 
percolation  of  the  liquid  is  assisted  by  atmospheric 
pressure,  induced  by  a  partial  vacuum  in  the  lower 
chamber. 

Spencer's  air-pressure  filter,  June  4,  1867,  is 
paiticularl^  adapted  for  the  use  of  pharmaceutists. 
G  \b  the  air-pump,  secured  by  a  clamp  to  the  edge 

FlK.  107. 


opvnrera  rtuer. 

of  the  table.  The  filter  A  rests  on  a  packing  on 
the  lip  of  the  bottle  B.  The  air  is  withdrawn 
from  this  latter  to  increase  the  rate  of  filtering. 

Claim. —  First,  in  an  atmospheric  filter  composed 
of  the  tunnel  A,  bottle  or  jar  B,  and  air-pump  C, 
the  employment  of  a  p«icking  h  for  the  purpose  of 
producing  an  air-tight  joint  between  the  tunnel  and 


Gntber's  Filter 


bottle,  the  whole  combined  and  operating  as  hereis 
set  forth. 

Second,  the  arrangement  of  the  filtering  medium 
d  d  with  the  removable  j>erforated  diaphragm /i 
when  oi)erating  in  connection  with  the  shoulders 
c  c,  as  herein  set  forth. 

D  is  the  air-eduction  pipe.  The  vessel  A  stands 
in  the  collar-piece/,  the  latter  on  the  bottle,  whose 
lip  has  a  packing-^^ket. 

In  Grubeu's  air-pressure  filter,  April  3,  1866, 
the  filtration  is  a.ssisted  by  an  air-forcing  and  air- 
exhausting  pump,  connecting  by  pipes  with  the  two 
chambers  separated  by  the  filtering  substance,  j 
and  k  are  the  o^ienings  of  the  plenum  and  vacuum 
pipes  into  the  chambers  E  and  F,  The  lid  is  fas- 
tened on,  and  has  an  air-tight  imcking.  The  pump 
G  draws  air  from  chamber  Fj  and  impels  it  into 
chamber  E.  For  Water  -  puessu re  Filter  see 
Pressuue-filter. 

Air'-pump.  Invented  by  Ctesibus  of  Alexan- 
dria, or  previous  to  his  time.  Hero,  of  the  same 
city,  the  author  of  the  **  Spiritalia,"  shows  it  in 
connection  with  several  of  his  pneumatic  contriv- 
ances. He  also  shows  a  fire-engine  with  a  pair  of 
single-acting  pistons  attached  to  a  walking-beam  and 
operating  alternately  in  their  respective  cylinders. 

February  15,  1665,  Mr.  Samuel  Pepys,  the  gos- 
siping author  of  the  famous  Diary,  was  admitted  a 
member  of  the  Royal  Society,  the  'meetings  of  which 
were  held  at  Gresham  College.     He  says  :  — 

"It  13  a  most  acceptable  thing  to  Hear  their  dis- 
course, and  see  their  exi>eriment8  ;  which  were  this 
day  on  tire,  and  how  it  goes  out  in  a  place  where 
the  ayre  is  not  free,  and  sooner  out  when  the  ayre  is 
exhausted,  which  they  showed  by  an  engine  on  pur- 
pose  Above  all  Mr.  Boyle  was  at  the  meet- 
ing, and  above  him  Mr.  Hooke,  who  is  the  most, 
and  promises  the  least,  of  any  man  in  the  world 
that  1  ever  saw." 

The    air-pump    was  reinvented    by    Otto    voa 
Guericke  of  Magdeburg,  about  A.  D. 
1650.      Since  then  this  instrument 
has  been  much  improved  by  Hooke, 
Papin,  Hawksbee,  and  Boyle.    Many 
varieties  of  structure  have  been  de- 
vised, the  principle  of  all  being  the 
same.     The  basis  or  essential  part  in 
the  air-pump  is  a  metallic  or  glass 
tube  answermg  to  the  barrel  of  a 
common  pump  or  syringe,  having  a 
valve  at  the  bottom  opening  upwards :  ] 
and  a  movable   piston  or  embolus, 
answering  to  the  sucker  of  a  pump, 
the  piston   or   cylinder   being 
furnished  likewise  with  a  valve 
opening  outward.     The  pump 
must   be   closely    fitted   by  aj 
metallic  connecting-tube  open 
ing  into  or  under  the  vessel ' 
which  is  to  be  exhausted,  which 
is  usually  formed  by  placing  a 
bell-glass,  called  the  receiver,  mth  the  edges 
ground   smooth,   and   smeared   with  lard   or 
wax,  on  a  iat,  smooth  plate  or  table.     When 
the  piston  is  at  the  bottom  of  the  barrel,  and 
is  then  dmwn  up,  it  lifts  out  the  air  from 
the  Iwirrel  ;  and  a  portion  of  the  air  from  the 
receiver   by  its  own   expansive   force   i)a8ses 
through  the  connecting-tube,  and  occupies  the 
place  below  the  piston   which  would  other- 
wise be  a  vacuum.     The  air  in  the  receiver 
and  barrel  is  thus  nireliwl  ;  the  piston  is  now 
forc«Hl  down,  closing  the  valve  jiiaced  at  the 
mouth  of  the  connecting-tube,  and  causing 
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the  air  in  the  barrel  to  escape  through  the  valve  in 
the  piston.  This  operation  is  again  and  again  re- 
peated until  the  receiver  is  so  nearly  exhausted  that 
the  clastic  force  of  the  remaining  air  is  no  longer 
sufficient  to  open  the  valves.  The  form  of  the  pump 
may  consist  of  two  barrels  (each  having  a  piston) 
having  a  junction  with  each  other  at  the  point  where 
the  connecting-tube  is  attached,  and  operated  alter- 
nately by  a  lever  attached  to  each  piston  and  sup- 
ported at  a  point  midway  between  them,  or  by  means 
of  teeth  orcogs  cut  in  the  piston-rod,  and  operated  by 
a  cog-wheel,  as  shown  in  the  accompanying  ficn^re. 
The  valves  may  be  made  of  bladder,  oiled  silk,  or 
gutta-percha,  the  best  form  of  which  is  a  small  hollow 
cone  vrith  a  slight  cut  at  the  top  ;  stop-cocks  must 
be  attached  so  as  to  control  the  admission  of  air. 
The  pressure  ©f  the  atmbsphere  being  about  fifteen 
pounds  to  every  square  inch  of  surface,  care  must 
be  taken  that  the  receiver  and  ban-els  of  the  pump 


Fig.  110. 


HmeJabet*»  Air-Pump.  , 

be  80  constructed  as  to  bear  this  weight  without 
accident.  A  gage  to  ascertain  the  pomt  of  rare- 
faction can  be  made  by  introducing  the  lower  end 
of  a  graduated  glass  tube,  connecting  with  the  i*e- 
ceiver,  into  a  cup  containing  mercury ;  as  the  air  in  the 
receiver  is  exhausted,  the  pressure  of  the  atmosphere 
on  the  surface  of  the  mercury  will  force  it  ud  into 
the  graduated  tube,  so  that' its  rise  and  fall  will 
indicate  the  rarefaction.  A  per- 
Flg.  HI.  feet  vacuum  can  never  be  made, 

for  it  is  evident  that  the  exhaus- 
tion can  never  be  complete ;  even 
theoretically,  there  must  always 
be  a  portion  of  air  left,  though 
that  portion  may  be  less  than  any 
3-B  assignable  quantity.  Many  use- 
ful and  interesting  experiments 
can  be  performed  with  the  air- 
pump,  illustrating  the  effects  of 
atmospheric  pressure  and  other 
mechanical  properties  of  gases. 

In  Siemen's  air-pump  the  two 
cylinders  or  barrels  differ  in  size 
and  arrangement.  The  smaller 
barrel  is  applied  either  to  the 
bottom  or  top  of  the  lai^r,  while 
the  valved  pistons  belonging  to 
each  arc  attached  to  one  and  the 
same  piston-rod.  The  air  with- 
drawn from  the  receiver  is  con- 
SiemtfCn  Air-Pimp,   densed  in  the  lower  cylinder  to 


one  fourth  of  its  original  volume,  and  thus  has  suffi- 
cient elasticity  to  pass  through  the  discharging  valve 
and  escape,  the  opposing  pressure  of  the  atmosphere 
on  that  valve  being  thus  counteracted  from  witnin. 

In  the  illustration,  A  is  the  exhausting-cylinder, 
B  the  second  cylinder,  equal  in  length  to  tlie  first, 
and  fixed  to  its  lower  part,  but  having  only  one 
third  or  one  fourth  of  its  sectional  area,  and  conse- 
quently one  third  or  one  fourth  of  its  cubical  con- 
tents. The  cylinders  are  separated  by  a  plate  forming 
at  once  the  bottom  of  the  upper  and  top  of  the  lower 
cylinder,  the  only  passage  between  them  being  a  silk 
valve  i/.  In  each  cylinder  works  a  valved  piston, 
P  and  p,  attached  to  a  piston-rod  common  to  both, 
and  passing  through  a  stuffing-box  in  the  plate. 
The  distance  between  the  pistons  is  such,  that  when 
P  is  in  contact  with  the  top  of  the  upper  or  exhaust- 
ihg  cylinder  A,  p  is  in  contact  with  the  top  of  the 
smaller  or  lower  cylinder  ;  and  when  P  is  in  contact 
with  the  bottom  of  the  lai^e  cylinder,  p  is  in  con- 
tact ^vith  that  of  the  small  cylinder.  The  table  or 
pump-plate  E^  placed  above  the  lai^e  cylinder  A^ 
supports  the  receiver  /2,  or  other  vessel  to  be  ex- 
hausted, from  which  the  air  fiows  through  the 
valve  V,  during  the  descent  of  the  piston.  The 
motion  of  the  pistons  is  effected  by  means  of  a  short 
crank  with  a  jointed  connecting-rod,  converting  the 
circular  motion  given  by  the  lever-handle  into  a 
vertical  one,  which  is  maintained  by  means  of  a 
cross-head,  with  roUere  working  between  guides. 
The  action  of  the  pump  is  as  follows :  The  de- 
scent of  the  piston  P  tends  to  produce  a  vacuum  in 
the  exhausting-cylinder  A^  by  causing  a  difference 
of  pressure  above  and  below  the  firet  valve  r,  in  the 
top  of  Af  so  that  the  elasticity  of  the  air  in  the 
receiver  causes  it  to  pass  through  the  valve  v.  At 
the  same  time  the  air  below  P  is  pressed  through 
the  valve  t/,  in  the  plate  which  separates  the  cylin- 
ders, and  enters  B^  in  which  a  vacancy  is  simul- 
taneously made  for  it  by  the  descent  of  the  piston 
p  ;  and  in  consequence  of  the  difference  of  capacity 
of  the  two  cylinders  it  becomes  reduced  to  one 
fourth  of  its  original  bulk,  its  elasticity  bein^  pro- 
portionally increased.  The  air  contamed  in  the 
small  cylinder  below  the  niston  p  will  in  like  man- 
ner be  pressed  through  the  valves  v"  i/"  into  the 
external  atmosphere.  During  the  ascent  of  the 
pistons  the  valves  v  xl  will  be  closed  and  w  id 
opened  by  the  downward  pressure  of  the  air  in  the 
cylinders,  and  if  if'  will  be  closed  by  the  atmos- 
phere, thus  allowing  the  air  in  each  cylinder  to  pass 
through  the  pistons  as  they  rise,  in  order  that  in 
the  following  downward  movement  the  air,  which 
during  the  previous  stroke  of  the  pump  issued  from 
the  receiver  into  the  exhausting-cylinder,  may  be 
withdrawn  from  that  into  the  lower  cylinder,  while 
the  air  condensed  in  the  latter  may  be  finally  ex- 
pelled into  the  atmosphere.  See  A ir-com pressing 
Machine. 

The  air-pump  of  Boyle  was  inconvenient,  as  it 
demanded  alternate  opening  and  shutting  of  the 
stop-cock  and  valve,  and  difficulty  was  also  experi- 
enced in  making  the  piston  descend  when  the  air 
Avithin  the  pump  was  greatly  rarefied. 

Hawksbee's  air-pump,  previously  cited,  had  the 
duplica^  cylinders,  with  pistons  which  were  moved 
by  means  of  a  crank  and  pinion.  The  piston-rods 
were  toothed  racks,  whicn  were  engaged  by  the 
pinion,  to  which  a  reciprocating  rotary  motion  was 
imparted.  The  bottom  of  each  cylinder  communi- 
cated by  a  pipe  with  the  receiver  on  the  platform. 

Smeaton's  air-pump  was  an  improvement  on 
Hawksbee's  in  two  respects.  Hawksbee  had  found 
considerable  difficulty  in  opening  the  valves  and  ex- 
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air  at  the  bot- 
tom of  the  bar- 
rels, owing  to 
the  fact  that 
^  the  pistons  did 
not  shut  down 
close  on  to  the 
bottom.  The 
first  defect 
arose  from  the 
smallness  of 
the  orifice  m 
the  bottom 
of  the  cyHii- 
der  through 
which  the  air 
entered  ;  the 
bladder  being 
kept  moist 
with  oil  ad- 
hered to  the 
metal  and  re- 
sisted the  up- 
waixl  pnsiure 
at  so  small  an 
opening.  This 
defect  Smea- 
ton  cured  by 
exposing  a 
greater  sur- 
face of  bladder 
to  the  upward 
action  of  the 
air.  He  used 
a  congeries  of 
holes  consist- 
ing of  six  hex- 
agonal open- 
ings surround- 
ing a  central 
one.  The  parti- 
tions between 
these  holes 
were  filed  near- 
ly to  an  edge, 
and  the  whole 
formed  a  crat- 
ing on  wliich 
the  bladder- 
valve  lay,  of- 
fering but  slight  cohesive  opposition  to  the  raising 
of  the  valve  as  the  piston  ascended  and  the  air 
from  the  receiver  pressed  upward  against  it. 

Fig.  113. 


Smeaton's  Atr-Puntp. 


Rotary  Air  Pump. 


To  prevent  lodgment  of  the  air  in  the  lower  part 
of  the  barrel,  he  removed  the  extenial  pressure  from 
the  piston-valve,  by  making  the  piston  move 
through  a  collar  of  leather,  and  forced  the  air  out 
by  a  valve  applied  to  the  plate  at  the  top  of  the  bar- 
rel, which  opened  outwaixily. 

Cuthbertson  of  Amsterdam  introduced  the  im- 
provement of  mechanically  opening  an  escape  for 
the  air  without  depending  upon  its  elastic  force  to 
open  the  valve  leaaing  to  the  cylinders. 

Air  force-pumps  are  used  for  the  supply  of  air- 
carbureting  machines.  A  conmion  form  of  these 
consists  of  what  is  called  a  meter-wheel,  from  its 
resemblance  to  the  measuring- wheel  of  a  gas-meter. 
Fig.  113.  In  the  illustration  the  buckets  M  are 
curved,  and  gather  in  the  air  of  the  chamber  A.  As 
the  wheel  rotates  the  air  is  discharged,  near  the  axis, 
into  chamber  0,  and  is  conducted  by  a  pipe  to  the 
hollow  trunnion  through  which  it  is  dischai^ged. 

Another  form  of  air-pump  used  in  carburcting- 
niachines  is  on  the  principle  of  the  gravitating  air- 
holder,  which  consists  of  a  weighted  inverted  cylin- 
der whose  lower  edge  is  submerged  in  a  tank.  Seo 
Air-holder. 

A  conversely  acting  device  on  a  lai*ger  scale  is 
used  for  pumping  air  irom  mines. 

In  the  Amialcs  dcs  PoiUs  ct  Cfia7is8^es,  an  air-pump 


Fig.  114. 
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Ventilating  Air-Pump 

is  described,  used  to  ventilate  a  shaft  6  feet  in 
diameter  and  220  feet  deep.  The  work  had  been 
several  times  susj>ended,  owing  to  the  accumulation 
of  carbonic  acid  gas,  and  the  ordinary  bellows  had 
been  found  ineffectual. 

A  large  tub  (Fig.  114)  was  firmly  placed  on  balks 
on  a  level  with  the  top  of  the  shaft,  and  filled  witli 
water  nearly  to  the  brim. 

An  air-tight  pipe  from  the  bottom  of  the  shaft 
was  brought  through  the  tub,  and  had  its  upper 
edge  a  very  few  inches  above  the  water  ;  it  had  a 
vfjve  on  the  top. 

A  smaller  tub,  reversed,  was  suspended  within 
the  lower  tub  by  cords,  which  were  made  fast  to 
the  ends  of  the  levers. 

The  upper  tub  had  a  very  short  pipe  at  top,  with 
a  valve  opening  upward. 

The  upper  tub  being  allowed  to  descend  by  its  own 
weight,  the  air  within  it  was  exj>elled  through  the 
upper   valve  ;    when   again  raised,   by  pulling  the 
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handles  attached  to  the  ro|>es,  the  air  was  drawn 
up  through  the  valve-way  at  the  upper  end  of  the  de- 
scending tube,  and  by  continuing  this  iveiprocating 
action,  a  circulation  was  created  at  the  veiy  bottom 
of  the  shaft. 

Bunsen's  air-pump  is  a  means  of  withdrawing  air 
by  entangling  and  carrying  it  with  a  falling  body  of 
water.  It  is  specifically  known  as  an  asjiirator  in 
its  uses  to  obtain  atmospheiic  pressure  in  filteiing, 
in  removing  eflete  or  poisonous  air  from  apartments 
or  the  vicinity  of  gangrenous  wounds.  See  Aspiha- 
TOR.  The  same  principle  is  involved  in  the  **  water- 
|)ump8,'*  so  called,  which  withdraw  the  air  and  steam 
trom  the  evajwrating  and  vacuum  pans  of  sugar-re- 
fineries, the  injection-chamber  of  the  condensing 
steam-engine,  etc.  Air-pumps  are  also  constructed 
to  act  on  the  principle  of  the  Giffaixl  Injector,  the 
active  column  being  a  body  of  water  or  steam.  Sec 
Steam-jet  ;  Ejector. 

Apparatus  for  compressing  air  as  a  motor,  as  a 
water-elevator,  etc.,  are  considered  under  several 
heads.  See  Air  as  a  Water-elevator  ;  Air- 
compressing  Machine  ;    Air    as  a    Means    of 

TRANSMIITINO  PoWER  ;   AlR-ENOINE,  CtC. 

2.  {Steam- 
P'k-  116  engine.)      A 

pump  used  in 
condensing 
steam  -e  n- 
'  gines  to  re- 
move the  air 
and  uncon- 
densed  steam 
from  the  con- 
denser in  or- 
der tq  perfect 
the  vacuum 
therein,  and 
in  the  cylin- 
der to  which 
it  is  period- 
ically con- 
Air-Pump.  nected. 

jB  is  the  in- 
jection-chamber, which  is  submerged  in  the  cistern 
C.  The  uncondensed  gases  and  water  escape  by  the 
valve-way  O,  called  the  foot-valve,  and  ascend 
through  the  valve  of  the  pump-lucket  p  as  the  lat- 
ter descends.  The  next  ascent  of  the  bucket  drives 
them  out  at  the  valve-way  Q  into  the  hot-well. 

Air-reg'u-la'tor.  A  contrivance  for  determin- 
ing the  quantity  of  air  admitted  in  a  given  time. 

Registers  and  dampers  are  the  usual  devices  ;  the 
former  has  usually  a  sliding  and  the  other  aii  oscil- 
lating motion.  Furnaces,  stoves,  ovens,  etc.,  are 
usually  furnished  with  some  means  for  regulating 
the  supply  of  air  ;  when  the  heat  of  the  stove  is 
made  to  regulate  the  register  the  device  is  called  a 
Thermostat  (which  see). 

Air-regulators  may  be  made  to  act  on  the  principle 
of  the  gas-regulator,  the  degree  of  pressure  detei-m  inmg 
the  area  of  the  o^^ening,  so  that  a  given  quantity  may 
pass  in  a  given  time  irrespective  of  the  pressure. 

Air'-sout'tle.  (Ship-building.)  An  opening  in 
a  ship's  side  for  the  admission  of  air,  closed  in 
stormy  weather  by  a  shutter. 

Air'-shaft  A  shaft  in  a  mine,  usually  vertical, 
or  nearly  so,  by  which  the  mine  is  ventilated. 

Air^-spring.  An  elastic  device  depending  for  its 
action  upon  the  tension  of  an  imprisoned  body  of 
compressed  air. 

Air-springs  have  been  made  to  act  as  brakes,  to 
receive  recoil  of  guns,  as  buffers,  and  for  other  pur- 
poses.    See  Pneumatic  Spring. 


Air -3 1 ova.  A  heating  stove  which  is  employed 
to  heat  a  sti^^am  of  air  directed  against  its  surface. 
Of  this  class  are  Heating  FuniaceSy  and  some  kinds 
of  Heating  Stoves. 

There  are  two  common  forms,  with  a  great  variety 
of  each  :  — 

1.  The  furnace  such  as  is  used  in  churches,  largo 
halls,  and  some  dwellings  ;  consisting  of  a  stove 
sunx)unded  by  a  casing  of  metal  or  brickwork, 
into  which  the  air  is  led,  and  from  which,  after  being 
heated,  it  passes  by  air-ducts  to  the  apaitment.  See 
Heating  Furnace. 

2.  A  stove,  a  part  of  whose  interior  is  occupied 
by  passages  in  which  air  circulates  against  the  tire- 
chamber  and  Imi'k,  after  which  it  is  dischai^ed  into 
the  room.     See  H bating  Stove. 

Air-ther-mom'e-ter.  An  instrument  in  which 
the  contraction  and  expansion  of  aii-  is  made  the 
measure  of  temperature.  It  differs  from  the  ordi- 
nary thermometer,  which  depends  on  the  contraction 
and  expansion  of  liquid  in  an  hermetically  sealed 
tube.  The  air-thermometer  is  the  older  form,  and 
its  invention  is  variously  ascribed  to  Drebbel  of 
Holland,  about  A.  D.  1600 ;  to  Galileo ;  and  to 
Santorio  of  Padua  (1561-1686).  The  instiiiment 
was  constructed  as  follows  :  The  air  in  a  tube  being 
slightly  rarefied  by  heat,  the  lower  end  was  plunged 
into  a  colored  liquid,  which,  as  the  air  cooled,  was 
drawn  into  the  tube.  The  expansion  and  contraction 
of  the  air,  by  changes  of  temperature,  varied  the 
height  of  the  liquid  in  the  graduated  tube.  It  was 
a  faulty  arrangement,  as  changes  in  the  atmospheric 
pressure  would  vary  the  result,  and  the  ti*uth  could 
only  be  ascertained  by 
correction  with  reference  F'g- 116. 

to  a  barometer. 

Inthe"Spiritalia*'of 
Hero,  B.  C.  150,  an  in- 
strument is  descril)ed 
wherein  water  is  made 
to  rise  and  fall  by  tho 
changes  of  temperature. 
The  Sjmnish  Saracens 
used  a  Ibi-m  of  hydrome- 
ter to  detect  variations  in 
temperature.  SeeAREO* 
meter;  Hydrometer; 
Thermometer. 

Heat  expands  the  air, 
forcing  down  the  li(|uid, 
and  cold  has  the  con- 
trary effect.  The  tem- 
perature is  thus  indi- 
cated by  the  height  of 
the  liquid  in  the  tube. 

Sturmius's  differen- 
tial air-theiTOometer  con- 
sists of  two  bulbs  united 
by  a  tube  which  is  bent 
to  form  two  lejyp,  against  __ 
one  of  which  is  attached 
a  graduated  scale.  A 
quantity  of  sulphuric 
acid  colored  witn  carmine  is  iotroduced  into  the 
tube  so  that  its  upi^r  surface  corresponds  with 
zero  on  the  scale.  The  ball,  above  the  scale  is  termed 
the  focal  ball. 

The  amounts  of  air  in  the  respective  ends  are  so 
adjusted  that  when  the  bulbs  are  both  exposed  to 
the  same  temi)erature  the  liquid  will  fill  one  leg 
and  the  horizontal  portion  of  the  tube,  the  level  of 
the  graduated  tube  standing  at  zero.  When  both 
the  bulbs  are  exposed  to  the  same  temperature  no 
change  takes  place  in  the  position  of  the  liquid; 


Air-  Thermometer  of  Santorio. 
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Fig.  117.  but  when  the  focal  boll  is  exposed 
to  heating  or  cooling  causes,  the  air 
'will  expand  or  contract,  and  the 
column  of  liquid  in  the  graduated  leg 
will  ascend  or  descend  as  the  case 
may  be.  This  thermometer  is  par- 
ticularly adapted  for  ascertaining  the 
particular  degree  of  heat  accumu- 
lated at  a  mrticular  point,  while 
the  surrounding  atmosphere  is  but 
little  affected,  as  in  the  focus  of  a 
reflecting  mirror,  etc. 

Leslie,  in  his  experiments  on  heat, 
made  great  use  of  this  differential 
thermometer.  By  coloring  the  focal 
ball  and  leaving  the  other  white, 
silvering  or  gilding  one  of  the  balls, 
covering  one  with  a  moistened  en- 
velope, etc.,  he  constituted  the  instrument  a  pho- 
tometer, tethnoscope,  hygrometer,  etc. 

Air  is  more  equable  in  its  expansion  than  mer- 
cuiy  with  equal  mcrements  of  temperature. 

The  following  shows  the  indications  on  the  two 
scales  at  the  same  temperatures ;  correction  being 
made  for  the  expansion  of  the  glass. 

Air  Thermometer.     Mercurial  Thermometer.      Diflbronce. 


Differential  Air- 
Tiiermomtter. 


212.00 

212 

0.00 

299.66 

302 

2.33 

386.69 

392 

5.31 

473.09 

482 

8.91 

558.86 

672 

13.14 

662.00 

680 

18.00 

In  effect,  however,  the  expansion  of  the  glass  is 
about  equal  to  the  increase  of  the  rate  of  the  expan- 
sion of  the  mercury,  so  that  the  mercurial  glass 
thermometer  is  accurate  as  liigh  as  662**. 

For  temperatures  above  the  boiling-point  of 
mercury,  air-thermometers  are  used.  .Dry  air,  when 
confined,  incr?ases  in  volume  §  for  every  180",  and 
is  believed  to  be  perfectly  equable  in  its  rate  of 
expansion. 

A  bulb  or  cylinder  with  a  tube  of  platinum  is 
connected  to  a  glass  tube  at  right  angles  therewith. 
The  glass  tube  is  of  uniform  bore,  is  filled  with 
mercury,  and  terminates  below  in  a  recurved  bulb. 
The  glass  tube  is  divided  into  a  number  of  spaces, 
each  equivalent  to  J  of  the  total  volume  of  the 
platinum  bulb  or  cylinder,  with  ^  of  its  stem.  The 
other  ^  is  supposed  to  be  Ijeyond  the  immediate 
influence  of  heat.  The  platinum  bulb  and  §  of  its 
stem  are  plunged  in  the  furnace,  and  the  depression 
of  the  mercury  by  the  heated  and  expanded  air 
within  the  instrument  pressing  on  it  more  powerfully 
than  the  extenial  air,  will  indicate  the  decree  of 
tcmptM-ature.  Each  degree  of  the  glass  stem  is  equal 
to  180'  Fah. 

Air'-trap.  Sometimes  called  sUnch-trap.  It 
is  an  adjunct  to  a  vessel  of  any  kind,  such  as  a 
washbowl,  water-closet  bowl,  urinal,  or  sink,  which 
dischat^s  by  pipes  or  sewers  up  which  a  current  of 
foul  air  is  liable  to  .pass. 

Some  of  them  are  very  simple  in  their  character, 
and  consist  of  a  water-pan  in  which  is  submerged 
the  end  of  the  dischai^-pipe  of  the  bowl  above. 
This  shuts  off  the  passage  of  air,  and  an  overflow 
is  afforded  to  the  water  as  it  reaches  a  certain 
height. 

Ciiaigie's  sink,  July  2,  1867,  is  of  this  charac- 
ter, and  its  essential  feature  has  been  familiar  to 
builders  and  housekeepers  for  many  years.  In  the 
illustration  the  novel  feature  is  found  in  the  mode 


of  attaching 
the  trap  -  cup 
to  the  bow-j 
and  the  dis- 
charge-idpe  to 
the  bend  of 
the  cup. 

Caur,  De- 
cember 6, 
1864.  A  spout. 


Fig.  118. 


Craigie^s  Sink. 


continuous  from  the  bottom  of  the  basin,  descends 
into  the  water  held  in  a  depressed  part  of  the 
receptacle.    The  flow  of  water  into  the  upper  part  of 


FiK.  119. 


Can's  Urinal. 

the  basin  is  regulated  by  a  valve  controlled  by  a  cam 
movement.  Ihe  drip  from  this  flow,  falling  upon 
the  top*  of  this  receptacle,  is  conducted  by  flanges  to 
a  descending  tube,  which  is  turned  upward  within 
the  receptacle,  so  as  to  form  an  inverted  siphon,  and 
thus  deliver  its 

water  into  the^ "g-  ^^' 

receptacle  with-  ^111 1]  i  Jfil 

out   permitting  l|l|  II  i 

the  gas  to  as-  v^™ , v,' "  v ■  v ^  ^^^JJ^Hi/' ^""" '^==^ 
ccnd. 

Carson,  Sep- 
tember  25, 
1860.  A  perforated  plate  opposes  the  ]^)assage  of 
matter  likely  to  choke  the  pipe,  which  enters  a  cham- 
ber beneath  the  sink.  The  water  passes  to  the  cham- 
ber beneath  a  plate  whose  edge  is  submerged  in 
liquid  and  forms  a  trap. 

Marquis,  September  4,  1866.     A  double  trap  is 


Carson's  Sink. 


Marquises  Stop-Hopper. 
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formed  by  eom{)elling  the  water  to  pass  by  a  sinu- 
ous course  through  a  circular  pan  ami  then  through 
au  annular  pan,  on  its  way  to  the  discharge- pijK?. 

Air'-trunk.  A  pipe  or  conduit  for  conducting 
foul  or  he  ited  air  from  a  room,  theatre,  or  ward. 

Alr'-tube.  A  small,  wrought-iron  tube  hung  in 
a  coal-box  from  the  deck,  and  filled  with  water,  for 
the  purpose  of  ascertaining  the  tempemture  of  the 
coals  by  a  therinomiter,  as  a  precaution  against 
spontaneous  combustion. 

Air'-tabe  for  conve3ring  Letters,  Goods, 
and  Passengers.  This  idea  suggested  by  l^r. 
Prtpin  aboit  1695,  patented  by  Medhurst  in  England 
1810,  on  the  air-compression  piinciple,  and  by  Val- 
iancy in  1824  on  the  exhaust  principle,  has  come 
into  operation  to  some  extent,  and  is  considered 
under  the  haatl  of  P.VEUMATic  Tube  (which  see). 

Air'-valve.  {Steam- Eivjine.)  A  valve  in  a  steam- 
boiler,  which  opens  inwardly  to  allow  air  to  enter 
when  the  internal  pressure  is  below  the  atmospheric. 
This  may  bj  produced  by  the  condensation  of  steam 
when  the  fire  is  drawn,  and  tfte  device  is  to  prevent 
collapse  of  the  boiler. 

Air'-ves'seL  An  air-reservoir  ;  it  is  applied  to 
those  air-chamb3rs  from  whi^h  the  air  is  to  l>e 
drawn  for  use,  as  in  carbureters,  and  one  foiin  of  air- 
pump.     See  AlR-iloLDER. 

A  chamber  on  the  ejection-pip3  of  a  pump,  to 
renler  th3  stream  continuous.     S?e  Air-chamber. 

Aisle.  {/4rch.)  A  side-division  of  a  church,  par- 
tially separated  from  the  nave  and  choir  by  columns. 

Aitch'-pieoa  {Mlniny.)  The  i)art  of  a  plunger- 
lift  in  which  the  clacks  are  fixed. 

A-jambe'.  A  French  window  with  four  casement 
windows,  separately  hingitl  and  fastened. 

Aj'a-tage.    1.   The  spout  or  nozzle  of  a  funnel. 

2.  A  tube  applied  to  the  sides  of  a  discharging 
orifice  in  a  vessel,  in  order  to  obviate  the  resistance 
to  the  discharge  incident  to  the  contraction  of  the 
fluid  vein.  This  resistance  may  amount  to  0.45  of 
the  whole  theoretical  delivery. 

The  addition  of  a  cylindrical  tube  to  the  opening 
"will  cause  a  greater  discharge,  the  head  and  sec- 
tional area  remaining  the  same. 

If  the  ajutage  be  cylindrical,  and  the  water  fill 
it  entirelv,  the  increase  in  the  discharge,  when  the 
length  of  the  ajntage  does  not  exceed  four  times  its 
diameter,  is  in  the  proix>rtion  of  1.33  to  1.00. 


Ajutage. 


The  effective  discharge  may  be  still  further  in- 
creased by  making  the  ajutage  of  the  form  repre- 
sented by  the  accompanying  figure,  provided  the 
liquid  fill  it  entirely.  This  ajutage  is  composed  of 
two  portions  of  cones  upon  the  same  horizontal  axis ; 
th:^  first  has  the  form  of  the  contracted  vein,  the  length 
of  the  second  is  three  times  that  of  the  first,  and  the 
ot waning  into  the  tube  from  the  chamber  is  J  of  the 
size  of  the  delivery  opening.    The  efliective  discharge 


through  an  ajutage  of  this  description  is  generaUv 
stated  to  be  in  the  pro^wrtion  of  3  to  2  of  that  which 
would  take  place  through  an  orifice  in  a  thin  plate. 
Venturi  gives  the  following  data  :  — 

Orifice  of  deliveiy  .  .  .  .  0.0338  w. 
Orifice  of  entry  ....  0.0406  m. 
Angle  of  sides  of  external  tube       .     6.6* 

The  length  nine  times  the  diameter  of  the  effec- 
tive opening. 

He  found  the  dischai^ge  to  be  increased  to  1.46 
times  the  theoretical  discharge,  and  2.4  times  the 
discharge  that  would  have  taken  place  had  the  ori- 
fice been  in  a  thin  plate. 

Al'a-bas'ter.  1.  A  species  of  marble,  white  or 
colored.  Sometimes  called  Oriental  alabaster,  to 
distinguish  it  from 

2.  A  ^nular,  compact,  serai-pellucid  gypsum 
which  is  found  in  masses,  white  or  colored,  and  is 
readily  turned  into  vases  and  ornaments. 

A-larm.'  An  audible  warning.  Alarms,  mechani- 
cally considered,  are  of  many  kinds  ;  the  purpose  or 
construction  of  each  is  usually  indicated  oy  its 
name.  They  are  placed  in  such  positions  or  under 
such  circum.stances  as  to  give  waniing  of  danger  or 
to  call  attention. 

Mm-inc  Alarms  ai-e  fog-bells,  whistles,  and  trum- 
pets, operated  by  the  tide,  the  waves,  the  current, 
the  wind,  or  by  clock-work. 

Shoal  Alarms  are  similarly  actuated,  being  situ- 
atetl  on  spits  or  banks,  anchored,  moored,  or  at- 
tached to  piles. 

Nautical  Alarms,  on  shipboard,  are  to  indicate 
a  leak  or  the  accumulation  of  bilge- water. 

Burglar  Alarms  are  attached  to  doors  or  windows 
to  give  notice  of  surreptitious  entrance  by  thieves. 

Fire  Alarms  are  actuated  automatically  by  ther- 
mostatic arrangements,  and  give  notice  of  fire,  as 
their  name  indicates. 

Clock  Alarms  are  attached  to  timepieces  to  strike 
an  alarm  at  a  given  hour. 

Oas  Alarms  indicate  an  escape  of  gas,  either  in  a 
room,  or  from  the  fissures  in  a  coal-mine. 

High-pressure  Alarms  are  for  indicating  a  danger- 
ous pressure  of  steam  in  the  boiler. 

Loio-water  Alarms  are  for  indicating  the  subsi- 
dence of  the  water-level  in  the  boilt  r  below  the 
point  of  safety. 

A  Pocket  Alarm  is  to  notify  a  person  of  the 
abstraction  of  a  book,  etc.  from  the  jacket. 

Telegraphic  Alarms  are  to  call  the  attention  of 
the  operator  to  his  instrament. 

Tilly  Truvk,  Safe,  Lock,  and  Door  Alartns  arc  to 
call  attention  to  the  opening  of  the  objects  to  which 
they  are  attached. 

The  Watchman's  Alarm  may  be  a  rattle  used  by 
the  police,  or  a  systematic  mode  of  communicating 
a  signal'  of  danger. 

Funnel  and  Barrel-filling  Alarms  are  to  indicate 
that  the  vessel  is  nearly  full. 

A  Mill-hojyjier  Alartn  is  to  indicate  that  the  giist 
is  about  exhausted,  and  thus  notify  the  miller  that 
more  grain  is  needed. 

There  are  over  two  hundred  patents  in  the 
United  States  for  various  foiTOS  of  alarms. 

See  under  the  respective  heails  :  — 


Alarm  check- valve. 
Alaifn-clock. 
Alarm-funnel. 
Alarm -lock. 
Alarm- watch. 
Annunciator. 


Bank  alarm-telegraph. 
Bilge- water  alarm. 
Burglar  alarm. 
Clack. 

Clack-mill  alarm. 
Clock  alarm. 


Atmospheric  alarm- whistle.  Door  alarm. 
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Earthquake  alarm. 
Electi'ii:  alarm. 
Electric  annunciator. 
Fire  alarm. 
Fire-damp  alarm. 
Fog  alarm. 
Gas  alarm. 


Nautical  alarm. 
Pocket  alarm. 
Safe  alarm. 
Shoal  alarm. 
Steam-boiler  alarm. 
Steam-whistle  alarm. 
Telefirraphic  alarm. 


and  when  it  struck  the  determined 
hour,  it  struck  lire  likewise  out  of  a 
flint,  which  fell  among  tinder,  to  light 
him  a  candle ;  it  was  the  invention  of 
one  Caravagio  of  Sienna  in  Italy."  The 
Mai-quis  of  Worcester,  1655,  suggests 
that  the  tinder-bo.\  may  foim  a  sei-vice- 
able  pistol.  This  is  anticpating  some 
of  the  burglar  alarms  of  our  own  time. 

The  clock  alarm  consists  of  a  bell      r—- 
or  wire   coil  and   a   hammer  which  r^J^^ 
is  set  in  motion  by  an  aiTangement  1-^^11 — 
substantially   similar   to    the    recoil 
escapement  in  the  attached  cut.     A 
weighted  cord  or  spring,  being  wound 
on  the  axis  of  the  scape-wheel,  ro- 
tates it  08  soon  as  it  is  tree  to  move. 
If  we   suppose  a  short  hammer  in- 
stead of  a  long  pendulum  attached  to 


the  axis  of  the  pal- 
lets, and  the  wheel  to 
be  driven  with  suf- 
ficient force,  it  will 
oscillate  the  hammer 
and  cause  the  head 
to  strike  on  alternate 
sides  of  the  bell  inside 
which  it  vibrates. 

If  the  alarm  were 
always  to  be  let  off 
at  the  some  time  it 
would  only  be  neces- 
sary to  set  a  pin  in 
the  proper  place  in 
the  twelve -hour 
wheel  to  raise  the 
lifting-piece      which 


Klg.  124. 


Recoil  Escapement. 


lets  off  the  alarm  at  that  time.  To  make  it  capa- 
ble of  a^ustment,  the  discharging  pin  is  set  in 
another  wheel  (without  teeth),  whicn  rides  with 
a  friction  spring  upon  the  socket  of  the  twelve- 
hour  wheel,  and  has  a  small  movable  dial  attached 
to  it,  with  figures  so  arranged  in  reference  to  the 
pin,  that,  whatever  figure  is  made  to  come  to  a 
small  pointer  set  as  a  tail  to  the  hour-hand,  the 
alai-m  shall  be  let  off  at  that  hour.  The  letting  off 
does  not  require  the  same  ai)paratu8  as  the  stiiking 
movement,  oecause  it  is  not  to  strike  a  definite 
number  of  blows,  but  to  go  till  it  is  run  down. 

The  lifting-piece  is  nothing  but  a  lever  with  a 
stop  or  hook  upon 

it,   which,  when  *'*«•  126- 

it  is  dropped, 
takes  hold  of  the 
alann-wheel,  and 
disengages  itl 
when  raised.  \ 
A-larm'-fun- 
neL  A  funnel 
which  indicates 
that  liquid  in  the 
barrel  has  risen 
to  a  certain 
point.  The  fun- 
nel being  placed 
over  the  bung- 
hole  of  the  bar- 
rel, the  rising 
liquid  raises  the 
float,  which  de- 
taches the  but- 
ton from  its  btop 

and     rings    the  Alarm  Funnel 

alarm-bell. 

Fig.  126. 


Eutenevr^s  hock-Afarm. 


Digitized  by 


Google 


ALARM  LOCK. 


57 


ALBOLITE  CEMENT. 


A-larm'-look.  In  the  Marquis  of  Worcester's 
"  Century  of  Inventions,"  No.  72,  A.D.  1655,  a  lock 
is  referred  to  whicli,  if  tampered  with  by  a  stranger, 
will  start  an  alarm  beyond  the  control  of  the  intrud- 
er. As  usual,  the  thing  is  mei-ely  hinted  at,  the 
purpose  of  that  Digest  of  Inventions  being  more  to 
act  as  a  raminder  to  the  inventor  than  as  a  specifi- 
cation for  another  reader. 

EUTENF.UR,  September  19, 1865,  (Fig.  126,)  has  an 
arrangement  of  devices  by  means  of  which  any  move- 
ment of  the  latch-bolt  causes  two  hammers  to  strike 
a  bell.  A  plate  covers  the  key-hole  to  prevent  the 
admission  of  a  key  from  the  outside  ;  the  plate  is 
held  closed  by  a  bar  attached  thereto  and  projecting 
through  the  case.  ,  The  two  hammers  are  so  pivoted 
as  to  be  trippe<i  by  the  motion  of  the  latch-bolt, 
striking  the  bell  on  the  recoil. 

Deckow,  December  12,   1865.     The  device  con- 
sists of  a  bell,  hammer,  escapenient,  and  a  spring. 
The  bolt  Is  so  arranged  as  to  trip  the  escape-wheel, 
when  moved  in  either  a  vertical  or  a  horizontal  direc- 
tion, and  release  the  ham- 
Fig.  127.  mer,     which    is    oscillated 
^'    ^^■uJ-,^-^^     (^-^^^  rapidly  to  give  a  quick  suc- 
l  yy'^^^^^^^^>\    cession  of  strokes  upon  the 
l^/j^         X\^  bell. 

A  padlock  with  an  alarm 
attachment  is  shown  in 
Fig.  128.  The  shackle  B 
is  fastened  by  screws  Z  Zy 
whoso  heads  are  exposed. 
Thev  are  connected  by  chains 
to  the  arm  H  of  a  trigger  /. 
The  barrel  X  is  moved  by 
the  spring  P,  a  cap  is 
exploded,  a  ball  projected, 
and  fire  communicated 
througii  the  opening  R 
into  the  magazme  S.  .  D 
is  a  cover  for  the  screw-heads  Z.  T  is  the  fallen 
face-plate  of  the  lock-case. 

Fig.  128. 


Fig.  129. 


Dterow^s  Alarm. 


Andrew^ s  Alarm' Lock. 

A-larmMook  for  Tilla.  Alarm-locks  are  at- 
tached to  tills  so  as  to  ring  when  the  drawer  is 
pulled  open.  The  devices  are  numerous.  In  Fig. 
129  is  shown  one  in  which  the  contact  of  the  head 
a  with  a  detent  beneath  the  counter  causes  the  said 
head  to  vibrate  and  swing  the  hammer-rod  which 


Tucker's  Alarm- nil' 

sounds  the  gong.  By  raising  the  trigger  E  the 
drawer  may  be  opened  silently. 

A-larm'-watoh.  An  instrument,  not  necessarily 
a  timepiece,  with  going  works,  and  adaptetl  to  nm 
down  and  saund  an  alarm  after  a  specific  interval  of 
time.     See  Watch  Alarm. 

Al-ba'ta.  German  silver,  composed  of  nickel, 
copper,  and  zinc  ;  with  the  addition  of  small  quan- 
tities of  lead  or  iron  in  some  formulas. 

It  is  a  white  alloy,  used  for  table- ware,  etc.,  and 
resemble^  the  Chinese  Packfong,  or  white  copper. 

The  follo>\'ing  arc  some  of  the  formulas  :  — 

Common,  Nickel,  4  ;  Copper,  20  ;  Zinc,  16. 

Better.  **       6 ;         "     20.;     **     10. 

For  rolling,  "     25 ;        "     20 ;     "     60. 

For  casting,  "     20  ;      '  "     20  ;    "     60 ;  Lead,  20. 

Packfong,      "  31.6  ;         "  40.4 ;    **  25.4  ;  Iron,  2.6. 

See  Alloy. 

AVber-type.  (Photojr.)  The  process  is  as  fol- 
lows :  **  A  plate  of  glass  is  covered  with  a  solution 
of  albumen,  gelatine,  and  bichromate  of  potash, 
dried  and  exposed  to  light  until  hardened.  It  is 
then  again  covered  with  a  solution  of  gelatine  and 
bichromate  of  potash,  and  when  diy  exposed  under 
the  negative,  and  the  film  is  then  found  to  possess 
qualities  analogous  to  a  drawing  made  with  fatty 
ink  upon  lithograph  stone.  All  those  portions  of 
the  filni  that  were  acted  upon  by  the  light  will  re- 
fuse water  and  take  ])rinting-inK,  while  those  por- 
tions which  were  protected  from  light  bv  the  nega- 
tive will  take  water  and  refuse  ink.  The  ink  and 
water  will  be  absorbed  by  the  film  just  in  accordance 
with  the  gradations  of  light  and  shade  in  the  nega- 
tive. To  produce  a  picture,  wet  the  surface  of  the 
film,  then  apply  ink,  lay  on  paper,  and  pass  through 
a  press  ;  the  operation  being  substantially  the  same 
as  lithography.  The  process  is  said  to  be  rapid,  and 
excellent  pictures  of  all  sizes  may  be  printed  in 
admirable  style." — Photographic  News. 

Al 'bo-lite  Cement  Invented  by  Riemann. 
Mix  calcined  and  finely  pulverized  magnesite  (na- 
tive carbonate  of  magnesia)  with  infusoiial  earth, 
and  stir  in  chloride  of  magnesium.  Among  the 
properties  of  the  cement,  as  enumerated  by  the 
inventor,  are  a  high  degree  of  plasticity,  and  of 
hardness  after  it  has  become  fixed,  and  a  spontane- 
ous development  of  heat  as  soon  as  it  is  solidified  to 
the  consistency  of  wax,  this  increasing  in  propor- 
!  tion  to  the  size  of  the  mass  into  which  it  has  been 
I  molded.  It  is  extremely  hard,  a  peculiarity  in- 
I  cr«*ased  by  its  elasticity,  and  adheres  very  well  to 
stone,  wood,  and  dry  oiled  surfaces,  but  cannot  be 
used  under  water.  It  is  now  largely  employed  in 
the  preparation  of  ornamental  moldings,  for  which, 
however,  in  consequence  of  the  above-mentioned 
development  of  heat,  gelatine  molds  must  be  cau- 
tiously used.  By  coating  ornaments  of  gypsum 
with  this  cement  it  imparts  to  them  a  great  degree 
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of  hardness.  It  is  also  used  for  repairing  wom- 
down  sandstone  ste])s,  for  facing  stone  and  wooden 
steps,  for  tire-proof  coating  to  boards  in  the  interior 
of  houses,  and  also  ft)r  preserving  railroad-ties,  etc. 

Al^am.  A  book  arranged  to  hold  {)hotogranhs, 
autographs,  or  memorial  addresses  of  a  private  char- 
acter. 

The  principal  concern  of  the  mechanic  arts  with 
the  album  is  with  devices  for  sewing  the  leaves  iu 
the  book,  making  the  slip-pockets  for  the  recep- 
tion  of  cards,  clasps,  and  securing  devices  for  the 
leaves  of  the  cover. 

The  album  was  originally  the  tablet  on  which  the 
Roman  pnetor's  edict  was  written.  It  was  whitCf 
and  hung  uj)  as  a  bulletin-board  in  a  public  place. 

It  is  now  a  book  of  friendly  memorials  :  signa- 
tures, prose  or  noetic  t;ffusions,  or  photographs.  It 
dates  back  to  tne  church  blank-book,  or  i^Ai/e-page 
book,  in  which  were  inscribed  the  names  of  bener 
factors  of  the  church,  in  order  that  the  appointed 
prayers  might  be  made  as  the  feast-days  of  their 
chosen  saints  n*curred. 

The  Venerable  Bede,  in  his  preface  to  the  Life  of 
St.  Cuthbert,  A.  D.  721,  speaks  of  the  record  of  the 
saint's  name  in  the  album  at  Lindisfame.  The  name 
frequently  occurs  in  ecclesiastical  and  other  writings. 

Al'bu-men  Process  in  Photography.  This 
process  antedated  the  collodion,  wliicii  is  much 
more  sensitive.  It  was  invented  by  Niepce  de  St. 
Martin.  The  glass  receives  a  coating  from  a  solu- 
tion of  albumen  to  which  bromide  and  iodide  of 
potassium  and  a  drop  of  caustic  potash  have  been 
added,  and  after  drying  is  exposed  to  the  fumes  of 
iodine.  It  is  then  silvered  in  a  bath  of  nitro- 
acetate  of  silver,  and  dried.  After  passing  again 
over  the  vajwr  of  iodine  it  is  ready  for  the  camera. 
The  image  is  developed  by  a  solution  of  gallic 
acid,  and  fixed  by  a  solution  of  hyposulphite  of 
soda.  —  Mayall. 

Al'car-ra'za.  A  vessel  of  ]K)rous  earthenware  used 
for  cooling  the  contained   liquids  by   evaporation 


from  the  exterior  surface.  See  Ice-machine.  The 
word  is  Arabic,  and  the  device  was  introduced  into 
Europe  by  the  Spanish  Saracens. 

Alcarrazas  are  made  of  a  sandy  marl  made  up  into 
paste  with  saline  water  and  lightly  fired. 

"In  niches  where  the  current  of  air  could  be 
artificially  directed  hung  dripping  alcarrazas." — 
Description  of  iht  Allmmbra, 

Ai'co-hol  En'gine.  An  engine  in  which  the 
vapor  of  alcohol  is  used  as  a  motive-power. 

The  first  suggestion  of  the  machine  was  by  Rev. 
Edmund  Cartwright  at  the  latter  end  of  the  last 
century.  The  reason  why  the  elastic  vapor  of 
alcohol  was  8up()osed  to  be  preferable  to  that  pro- 
duced from  water  is  that  it  boils  at  a  temj^reture 
considerably  below  that  of  water.  It  must  be  recol- 
lected, however,  that  all  leakage  and  escape  of  alco> 
hoi  is  not  alone  an  absolute  loss  of  a  valuable 
material,  but  that  such  leakage  is  very  dangerous, 
owing  to  the  inflammability  of  the  material. 

Howard's  alcohol  engine,  English  patent,  1825, 
was  in  use  at  the  Rotheniithe  Iron-Works  for  some 
time,  but  apj>eare  to  have  wearied  out  the  patience  or 
means  of  the  inventor,  no  engine  of  that  description 
being  now  usefully  employed  so  far  as  we  are  aware. 
The  engine  referred  to  was  intended  to  work  up  to 
24  horse-power. 

The  engine  had  two  vertical  cylinders  A  B,  of  equal 
capacity,  connected  by  a  pipe  C,  at  the  lower  part 
of  each.  A  quantity  of  mercury  or  oil,  which  will 
not  vaporize  at  the  heat  to  be  applied,  is  placed  in 
each  cylinder,  so  as  to  fill  the  l)ase  of  one  and 
nearly  the  whole  of  the  other. 

Within  the  cylinder  B  \a2l  piston,  exposed  above 
to  the  pressure  of  the  atmosimere,  and  packed  in 
the  cylinder  in  the  usual  manner.  In  the  other 
cylinder  ^  is  a  thin  metallic  dish  Z>,  floating  freely 
upon  the  surface  of  the  oil.  A  tube  E^  terminating 
in  a  nozzle  pierced  with  small  holes,  passes  through 
a  stuffing-box  in  the  cover  of  the  cylinder  A^  in 
which  also  is  a  flap-valve  0  opened  by  a  rod  H  as 
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occasion  requires.  The  vnlve  is  otherwise  kept  to 
its  seat  by  a  spring.  /  is  the  stuffing-box  of  the 
Vidve-i-dd  ;  K  the  safety*- valve.  The  piston  has  a 
phig  by  which  a  certain  quantity  of  the  fluid  is 
admitted  above  its  upper  surface,  there  to  remain. 
iV  is  a  dischai*ge-cock.  o  o  are  ai^nd-buniers, 
which  heat  the  cylinders  A  B  hy  direct  action 
uiwn  their  lower  surfaces,  the  hot-air  flue  extending 
around  them  and  terminating  in  the  chimney  P, 
which  has  a  i-egister-cap  a  by  which  the  draft  is 
TOffulateu. 

By  moans  of  a  foree-pump  i?,  worked  by  the 
engine,  a  small  quantity  of  alcohol  is  drawn  from  the 
condenser  and  injected  through  the  pipe  £  into  the 
dish  />,  which  floats  upon  the  hot  oil  in  the  cylinder 
j4,  and  is  thereby  flashed  intb  steam.  The  exjmn- 
sion  of  the  alcohol  de])res8es  the  column  of  oil  in 
the  cylinder  ^,  driving  it  through  the  passage  C  into 
the  cylinder  i^,  where  it  raises  the  piston. 

When  the  piston  has  attained  its  highest  eleva- 
tion, the  valve  O  is  opened  and  the  vapor  escapes 
by  pipe  *S^  to  the  condenser,  which  consists  of  an 
unper  and  lower  chamber  connected  by  pipes  V.  V. 
These  pipes  are  suiTounded  by  flannel  constantly 
wetted  by  water  diipping  from  the  trough  AT,  and 
the  evaporation  is  expedited  by  a  continual  draft 
of  air  from  the  rotating  fly  Z^  which  is  driven  by  the 
engine.  Y  is  the  lower  trough,  which  receives  the 
su|>erfluous  water,  and  IV  is  the  bottom  chamber, 
which  contains  the  condensed  vapor  and  from  which 
it  is  drawn  by  ])ump  11  to  produce  each  upward 
movement  of  the  piston.  A  cork  or  wooden  pack- 
ing in  the  couuecting-pi])e  S  prevents  the  conduc- 
tion of  heat  from  one  jiart  of  the  apparatus  to  the 
other.  The  condensation  of  the  alcoholic  vapor 
causes  the  return  of  the  oil  into  the  cylinder  A^  and 
tho  atmospheric  pressure  causes  the  piston  to  de- 
scend, c,  bf  are  the  pipe  and  stop-cock  by  which 
the  atmospheric  contents  of  the  condenser  are  with- 
di-awn,  i>revious  to  starting  the  engine,     d  is  the 

dischai^e-pir^ 
by  which  the 
condenser  may 
be  dra^xn  from 
the  chamber 
W.  f  is  the 
pijie  at  which 
the  chamber 
W  is  charged 
with  alcohol. 
It  is  closed  by 
a  screw  -  pipe 
when  the  ma- 
chine is  in  ac- 
tion. 

Al'co-hol'- 
me-ter.  A 
modification  of 
the  hydrome- 
ter, for  the 
purpose  of  as- 
certaining the 
comparative 
specific  gravi- 
ty and  conse- 
quent amount 
of  alcohol  in 
spirituous  lio- 
uors,etc.  This 
instrument 
may  either  be 
so  constructed 

_  *  as  to  be  sunk, 

GuUC$  Aleohohntur,  by  weights,  to 


a  uniform  depth  in  the  liquor  testrtl,  or  ii;  ir.r.y  indi- 
cate the  gravity  by  the  amount  of  its  submci^Tncc,  as 
shown  on  a  graduated  stem,  taking  either  pr.rc 
alcohol  or  **  proof  "  iw  a  standard  ;  the  latter  nimle  of 
construction  is  more  convenient  in  practice,  and  more 

generally  adopted.  The  absolute  percentage  of  alco- 
ol,  or  the  degree  above  or  below  proof,  is  deduced 
from  tables  constnicted  for  that  purpose  and  corre- 
sponding to  various  temperatures  of  tlie  liquid. 

Guru,  June  28,  1850.  In  this  alcohohiieter  the 
evaporation  of  a  fixed  quantity  of  alcoholic  fluid  is 
made  to  exhibit  the  exact  pereentage  of  alcohol  con- 
tained in  the  said  liquid.  "While  the  tube  E  is  yet 
detached  from  the  apparatus,  it  is  partially  filled 
with  mercury,  and  then  receives  a  definite  r.mount 
of  the  alcoholic  liquid  to  be  tested.  When  in- 
verted and  placed  in  position  in  the  iustnmient  the 
liquid  and  mercury  change  places,  the  foimer  occu- 
pying the  upper  part  of  chamber  E.  Heat  being 
applied,  by  means  of  the  spirit-lamp  B^  to  the  water 
in  chamber  (7,  the  vajior  rising  therefrom,  filling 
chamber  D,  heats  the  mercury  and  the  nlpoholic 
liquid,  the  temperature  being  indicated  by  the 
thennometer  A.  As  alcoholic  vajior  is  elimmated 
from  the  liquid  it  jjresses  upon  the  colunm  of  mer- 
cury, causing  it  to  rise  in  the  stem  G^  and  the  height 
of  the  column  against  the  graduated  scale  indicates 
tht*  amount  of  spirit. 
The  ebullition  alcoholmcter  of  Vidal  is  founded 

I  upon  his  discovery  _,    .^ 

!  that  the  boiling  tern-  **' "*^ 

perature  of  alcoholic 
liquors  is  propor- 
tional to  the  quan- 
tity of  alcohol  con- 

I  tained  in  them.     It  / 

I  consists  of  a  spirit-  '' 
lamp,  beneath  a  j 
small     boiler,    into  1\ 

I  which  a  large  cylin-  \ 
drical  glass  bulb  is 
plunged,  having  an 
upright  stem  of  such 
caliber  that  the 
quicksilver  con- 
tained in  them  may, 
by  its  expansion  and 
a.scent  when  heated, 
raise  before  it  a  little 
glass  l!oat  in  the 
stem,  Avhich  is  con- 
nected by  a  thread 
with  a  similar  glass 
bead  that  hangs  in 
the  air.  The  thread 
passes  round  a  pul- 
ley, which,  turning 
with  the  motion  of 
the  l>eads,  causes  the 
index  to  move  along 
the  graduated  circu- 
lar scale. 

The  numbers  on 
this  scale  represent 
percentages  of  abso- 
lute alcohol ;   so   the   nural)er   opposite   to   which 
the  index  stops,  when  the  liquor  in  the  cylinder 
over  the  lamp  Doils  briskly,  denotes  the  percentage 
of  alcohol  in  it. 

Siemen's  alcoholmcter,  Berlin,  1869,  is  thus 
described:  **As  the  spirit — no  matter  of  what 
strength  —  leaves  the  still,  it  passes  into  a  cylin- 
drical vessel,  and  from  this,  through  a  drum  some- 
thing like  that  of  an  ordinary  gas-meter,  into  the 
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cask  which  is  to  contain  it.  On  its  way  through 
the  apparatus  it  is  measured,  gaged,  and  regis- 
tered witii  tho  greatest  possible  exactness.  First, 
its  bulk  or  volume  is  measured  and  indicated  "in 
gallons  and  decimal  parts  ;  and,  second,  the  quan- 
tity of  either  absolute  alcohol  or  of  proof-spirit 
which  it  contain.?  is  measured  and  indicated  inde- 
pendently. The  raL'asurement  and  n*gistration  of 
the  total  bulk  or  quantity  of  spilit  which  pas.^es 
over  is  obviously  done  directly  by  the  rot^ition  of 
the  drum,  each  of  the  thre3  divisioni  of  which  holdo 
exactly  five  g-allons.  Th?  indicjition  of  tbc-  strength 
of  the  spirit  U  dons  by  a  swimmer  in  the  cylin- 
drical vessel  into  which  th'^  alcohol  first  enters  as  it 
leaves  the  still.  This  swimmer  is  attached  to  a 
[winter,  which,  in  being  elevated  and  depressed  by 
the  lowering  or  lising  ot  the  swimmer,  according  to 
the  varying  8p?.eific  gravity  of  the  liquid,  limits  the 
rcciprocatinpj  movemjnta  of  a  graduated  tongue  in 
connection  with  the  counter-work.  Thus,  not  only 
do  the  distiller  and  th^  excis3man  know  at  a  glance 
how  much  spirit  in  total  has  been  distilled  within 
a  giv^n  time,  but  likewise  how  much  proof-spirit 
it  is  equivalent  to.  — Engineer. 

See  also  Liquid-metek. 

Al'cove.  {Architecture.)  A  recess  separated  from 
a  main  chamber  by  columns,  anta;,  an<l  balusters,      j 

A  recess  in  a  room  for  a  bed  or  for  seats.  | 

A-lem'bic.  The  head  or  cap  which  is  placed 
upon  the  cucurbit,  and  which  discharge's  by  its  beak 
into  the  receiver.  The  cucurbit  contains  the  liquid 
to  be  distilled,  and  the  alembic  is  hit.'d  thereto  to 

Fig.  138 


Alembic. 

Erevent  the  escape  of  vapor  which  is  raised  by  the 
eat  of  the  fire,  and  is  conducted  to  the  receiver  to 
be  condensed.  Some  alembics  have  an  awrture  in 
the  head  to  admit  material  to  the  retort  when  the 
stopper  is  temporarily  removed. 

We  are  indebted  to  the  Arabs  for  this  apparatus 
and  its  name.  Zozimus,  who  flourished  about  A.  D. 
400,  described  the  operation  of  purifying  water  by 
distillation. 

Djafar,  the  great  Arabian  chemist,  about  A.  D. 
875  discovered  nitric  acid,  which  he  obtained  by 
the  distillation  in  a  retort  of  Cyprus  vitriol,  alum, 
and  saltpeter.  He  obtained  aqiia-regia  by  the  ad- 
dition of  sal-anmioniac,  and  no  doubt  felt  that  in 
obtaining  a  solvent  of  gold  he  had  discovered  the 
long-desired  aurum  potahile. 

Khazes,  the  Arabian,  l)om  860,  obtained  absolute 
alcohol  by  distilling  spirits  of  wine  with  quicklime.  I 

A  child  Bechil,   of  the  same  peofde,  distilled  to- 1 


gether  an  extract  of  urine,  clay,  lime,  and  powdered 
charcoal,  and  obtained  phosphorus. 

A  bluid-( alembic  is  one  having  a  capital  with  no 
rostnim. 

A-len'Qon  Lace.  Also  called  blonde.  A  vnriety 
of  lace  formed  of  two  threads,  twisted  and  woiked 
to  n  hexagonal  mesh. 

Alcn^oii  pohit  is  formed  of  two  threads  to  a  pillar, 
with  octagonal  and  squai-e  meshes  alternately. 

Al'eu-rom'e-ter.  The  name  given  to  an  instru- 
ment invented  about  1849,  by  M.  Boland,  a  ParisipJi 
baker,  for  determining  the  quality  of  the  gluten  in 
dilferent  specimens  of  wheaten  flour,  and  their 
const»quent  adaptation  for  bread-making.  A  tube 
of  about  six  inches  in  length  is  divided  into  two 
parts,  of  which  the  smaller  one,  about  two  inches  in 
length  and  holding  a  given  amount  of  glut<;n,  is 
screwed  on  to  the  longer  tube,  which  is  fitted  with 
a  piston  having  a  graduated  stem.  The  apparatus  is 
then  exposed  to  a  moderate  degree  of  heat,  when  the 
{gluten  expands,  forcing  up  the*  piston,  the  amount 
of  expansion  being  indicated  by  the  distance  the 
stem  protrudes  from  the  tube.  It  was  found  that 
gluten  obtained  from  flour  of  good  quality  would 
expand  to  four  or  five  times  its  original  bulk,  and 
had  the  smell  of  warm  bread,  while  that  of  bad  flour 
became  viscid,  \vith  a  tendency  to  adhere  to  the  tube, 
and  in  some  instances  emitting  an  unpleasant  odor. 

All-dade.  {Optical  Inslr. )  The  movable  aim  of 
a  graduated  instrument  carrying  sights  or  a  telescope, 
by  which  an  angle  is  measured  from  a  base  line  ob- 
served' through  the  stationary  or  level  line  of  sights. 

Used  in  theodolites,  astrolabes,  demicircles,  and 
numerous  other  angulometers. 

A-lign'ment  (Engineering.)  The  ground  plan 
of  a  road  or  earthwork. 

Allia-liin'e-ter.  The  object  of  this  instrument  is 
to  ascertain  the  value  of  the  alkalies  of  commerce.  It 
was  invented  by  Dr.  Ure,  about  1816,  or  by  Mr. 
Descroizelles,  and  consists  essentially  of  a  gniduated 
tube  closed  at  one  end,  each  graduation  correspond- 
in|j  to  a  sufficient  ijuantity  of  sulphuric  or  other 
acid  to  neutralize  a  given  amount  of  pure  soda  or 
potash  dissolved  in  water.  The  stren^h  of  the 
alkali  is  inferred  from  the  amount  of  acid  required 
to  neutralize  it. 

The  instrument  recommended   by   Dr.    Faraday 
consists  of  a  burette  supported  upon  a  foot  and 
graduated  into  one  hundred  equal  parts,      p.    j^^ 
the  space  between  each  two  of  the  divis-      J~' 
ions  being  capable  of   containing  ten       y**^^^ 
grains  of  distUled  water.     The  upper      !  f 
part  of  the  instniment  is  shaped,  as      '    »» 
shown  in  the  figure,  for  the  convenient 
introduction   of  the  test  acid  and  its 
subsequent  delivery  in  drojis. 

To  employ  it  for  estimating  the  amount 
of  carbonate  of  potash  in  any  sample  of 
pearlash,  weigh  out  100  grains  of  the 
ash,  dissolve  them  in  boiling  water,  so 
that,  when  cool,  the  mixture  has  a  spe- 
cific gravity  of  1.1268.  Filter  if  neces- 
sary', and  tinge  blue  with  infusion  of 
litmus  ;  then  fill  the  alkalimeter  to  65 
with  the  test  acid,  diluting  with  water 
to  0°,  and  add  the  diluted  acid  grad- 
ually and  cautiously  until  the  reddening 
effect  is  produced  ujwn  the  dissolved 
sample.  The  number  of  measures  of 
acid  required  represents  the  percentage 
of  carbonate  of  potash  in  the  sample.       ^^^^^^ 

To  estimate  the  amount  of  potash  con-  j^jitailmtter. 
tained  in  the  sample,  either  as  caustic 
l>otash  or  carbonate  of  potash,  fill  the  alkalimeter  to 
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49  with  the  test  acid,  the  100  measures  being  again  ; 
made  up  with  water.  The  number  of  divisions  of , 
this  dilute  acid  required  to  neutralize  100  grains' 
of  the  sample  will  correspond  to  the  proportion  of 
pure  potasn  in  the  sample. 

For  the  determination  of  carbonate  of  soda,  the 
alkalimetcr  must  be  filled  to  54.6  with  thatest  acid, 
which  must  then  be  used  as  before.  For  the  esti- 
mation of  caustic  soda,  the  operator  will  require  to 
fin  the  instrument  to  23. 4.  The  number  of  meas- 
ures requii-ed  to  change  the  blue  of  the  solution  to 
red  will  in  both  cases  correspond  to  the  percentages 
of  caustic  or  carbonated  alkali  requii*ed. 

All-a-long'.  A  bookbinder's  term  to  denote  that 
the  sewing- thread  passes  from  end  to  end  of  the  fold, 
or  directly  between  the  distant  points  of  punctura- 
tion. 

Allege.     {Fr.)    A  ballast-boat. 

Al-lette'.  {Archilecixire.)  A  wing  of  a  building ; 
a  buttress  or  pilaster. 

Alley.  {Printing.)  The  compositor's  standing- 
place  between  two  opposite  franies. 

Al-loy'.  An  alloy  is  a  combination  by  fusion  of 
two  or  more  metiils,  as  brass  and  zinc,  tin  and  lead, 
silver  and  copper,  etc. 

Many  alloys  are  composed  of  definite  chemical 
proportions  of  their  component  metals,  whilst  in 
others  the  metals  unite  in  any  proportions. 

The  best-known  and  perhajw  tne  most  generally 
useful  alloy  is  brass,  which  is  formed  by  the  fusion 
together  of  copper  and  zinc. 

The  Ck>lossu8  at  Rhodes  was  said  to  have  been 
constructed  of  brass  B.  C.  ^288.  Bronze  is  a  much 
more  ancient  alloy  than  brass,  and  has  been  known 
from  a  very  remote  antiquity.  Seo  Brass  and 
Broxze^  All  alloys  are  opaque,  have  a  metallic 
luster,  are  more  or  less  elastic,  ductile,  and  malleable, 
and  are  good  conductors  of  heat  and  electricity. 
Those  consisting  of  metals  of  very  difierent  degrees 
of  fusibility  are  usually  malleable  Avhen  cola  and 
brittle  when  hot.  Metallic  compounds  containing 
mercury  are  amalgams.  Metals  do  not  unite  indiP 
ferently  with  each  other,  but  have  certain  affinities  ; 
thus  silver,  which  will  hardly  unite  with  iron,  com- 
bines readily  with  gold,  copper,  or  lead.  Alloys  are 
generally  harder  and  less  ductile  than  the  mean  of 
their  constituents,  and  their  specific  gravi|;y  is  usu- 
ally either  greater  or  less  than  this  mean.  (See  Ta- 
ble.) The  melting-point  of  alloys  is  usually  below 
that  of  either  of  the  simple  metals  composing  them  ; 
thus,  an  alloy  of  8  parts  bismuth,  5  lead,  and 
8  till,  fuses  at  the  heat  of  boiling  water,  or  212**. 
See  Fusible  Alloys. 

They  very  frequently  ]M>sses3  more  tenacity  than 
their  constituents  would  seem  to  indicate  ;  thus 
an  alloy  of  12  parts  lead  and  1  part  zinc  has 
double  the  tenacity  of  the  latter  metal,  or  about  six 
times  that  of  lead. 

They  are,  in  general,  more  easily  oxidized  than 
their  component  metals.  An  alloy  of  tin  and  lead 
unites  with  oxygen  so  readily  «3  to  take  fire  and 
bum  when  heated  to  redness. 

A  very  slight  modification  of  the  components  of- 
ten produces  a  great  change  in  the  mechanical  prop- 
erties ;  brass,  containing  two  or  three  \yQV  cent  of 
lead,  is  most  readily  turned,  but  works  badly  under 
the  hammer,  while  that  of  the  best  quality  for  ham- 
mering is  not  turned  with  facility,  owing  to  its 
toughness. 

The  precious  metals,  when  employed  for  coin  or 
jewelry,  are  invariably  alloyed  to  increase  their 
hardness  ;  the  degree  of  fineness,  or  proportion  of 
pure  metal,  being  usually  estimated  in  carats  or 
twenty-fourths.      In  this  case  the  term  "  alloy  "  is 


often  understood  to  apply  merely  to  the  baser  metal 
with  which  the  gold  or  silver  is  conibined.  Thus 
the  British  standai-d  for  gold  is  22  parts  pure  gold 
and  2  parts  alloy,  or  22  carats  fine  ;  for  silver,  222 
parts  pure  silver  and  18  parts  alloy. 

The  alloy  for  gold  is  an  indefinite  proportion  of 
silver  arid  copper ;  that  for  silver  is  always  copper. 
The  standard  for  silver  plate  is  the  same  as  for  coin  ; 
that  for  jeweler's  gold  is  18  carats,  but  for  some  pur- 
^joses  the  fineness  is  reduced  to  12  and  even  9 
carats  ;  silver  is  used  for  the  alloy,  and  copper  may 
be  added  to  heighten  the  color. 

Silver  and  pallatlium  unite  in  any  proportions,  and 
it  has  been  found  that  this  alloy  is  not  so  readily 
tarnished  as  silver  ;  it  has  been  used  for  the  gradu- 
ated scales  of  mathematical  instruments.  Platinum 
has  been  used  with  silver  for  similar  purposes,  but 
requires  greater  care  in  fusion  to  make  the  combina- 
tion. 

Steel  is  mucli  improved  for  cutlery  by  being  al- 
loyed with  about  yjyy  part  of  silver  ;  it  is  also  im- 
proved by  f^Tf  part  of  platinum. 

From  one  to  two  per  cent  of  rhodium  has  also 
been  combined  with  steel,  with  excellent  results. 

BRASSES  AND   BRONZES   WITH   THE  ADDITION   OF 
IRON. 


Ancient  Bronao  Sword, 

Ireland 
Ancient  Kronzo  Svrord, 

Tbomcff,  England    . 
Ancient   Bronxo  Axc-| 

hoad,  Ireland  . 
Amient  Bronae  Wedge, 

Ireland 
Amient  Brocae  Knife; 

Amaro,  t^outh  Amcr-j 

ica    .        .        .        . 
Coin  of  Iladrian       .    { 

"     ''  Tacitus    . 

"     "  Probus 


83.fi0 


D4. 


95.66 
86.67, 
91.46 
90.68 
94.65 
74.17 


40.4  I 


55.33 


8. 
15. 


10. 
.191. 


"     "  Pompoy       .    I 

Chlncrc  Wliito  Copper 
( Parlcfong) 

Keirn  Metal,  Enplih 
Patent,  Dec.  10, 1779 100. 

Kein  Metal,  English 
Patent  (another  for- 
mulfi)  .        .100. 

Trat  table  Yellow  Metal 
(old  formula)    . 

Fontainemorenu'c  Eng- 
lish Patent,  1888      . 

Cutler's  English  Pat- 
ent, 188S 

SorcKa  White  Braes, 
1840.        .        .        •! 

Parked  English  Pat-, 
ent,  1844  .        .' 

Parke's  English  Pat- 
ent  (another  for-! 
mula)       .        .        .' 

Parke's  English  Pat-j 
ent  (another  for- 
mula) 

Stirling's  Gun -Metal,' 
English  Patent,  1846  50. 

Stirling's  "  British 
Gold."  English  l>at- 
ent,  1846  .        .  400. 

Fell-Metal  (Grcnnnn) .   71. 

Aich's  Metal,  Kngli-h 
Patent,  Feb.  8. 1860    «" 

Rosthom's  Oun-Metal, 
Austria,  1861    . 

Rosthom's  Oun-Motal 
(another  anslyf i;*)    . 

NaTy  Brass,  Austria 

Parisian  Clock  Bells    . 

Birkholx  Metal,  United 
States  Patent,  Mar. 
11,1862    . 


615 
9.58 
9.19 
5.9 


8.96 
1.1410.85 

2.00,  1.89 
.45, 

8.47 

{26.4 

|75. 

,80. 
'41.8 
!90. 
I  5. 


8.85 


4.5  128.     C7. 


8. 


48. 


26. 


33.125 

55.04     0  8842.86 

57.68    0.15 

60. 

72.       26.5 


40  ?2 
38.12 


8.0 
0.88 
0.83 
0.1 


0.8: 
.74  1.73 

2.81 
.61  2.33 
.80  .45 
19 16.66 


2.0 
10. 

r 

4.06 

E 

!45J) 
2.5 


1-8 

7. 
1. 

1.6 

1.77 

1.86 

1.8 

1.5 


46.5 


2  29 
;8  22 


40 
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An  English  work  of  1853  cites  the  addition  of 
one  to  two  per  cent  of  iron  to  brass  to  give  strength 
and  sonorousness ;  and  further  states  that  *'  laige 
gnns,  lai^  screws,  propeller-vanes,  mill-brasses, 
railway-bearings,  bells,  and  other  articles  are  made 
of  a  metal  in  which  copper,  zinc,  tin,  and  iron,  all 
take  i)art." 

{Brass,)  The  alloys  of  copper  and  zinc  retain 
their  malleability  and  ductility  when  the  zinc  is 
not  above  thirty-three  to  forty  per  cent  <rf  the  alloy. 
When  the  zinc  ia  m  excess  of  this  a  crystalline 
chan^ter  begins  to  prevail.  An  alloy  of  1  copper, 
2  zinc,  may  bo  crumbled  in  a  mortar  when  cold. 

Yellow  brass,  that  files  and  turns  well,  may  con- 
sist of  copper  32,  zinc  9  to  18.  A  greater  propor- 
tion of  zinc  makes  it  harder  and  less  tractable  ;  with 
less  zinc,  it  is  more  tenacious  and  hangs  to  the  file 
like  copper. 

Yellow  brass  (copper  2,  zinc  1)  is  hardened  by 
the  addition  of  two  to  three  per  cent  of  tin,  or  made 
more  malleable  by  the  same  proportion  of  lead.  The 
tin  whitens  it ;  the  lead  reddens  it.     Sec  Brass. 

{Bronze.)  A  compound  of  copper  and  tin.  The 
addition  of  tin  increases  the  Risibility  of  copper. 
The  red  color  is  not  materially  affected  by  the 
addition  of  5  ports  tin  to  32  copper,  which  makes 
engineer's  brasses  ;  it  is  consideraoiy  whitened  when 
32  copper  is  alloyed  with  12  tin,  this  being  the  limit 
of  bell-metal ;  and  is  auite  white  when  32  copper, 
16  tin,  is  reached,  this  oeing  speculum  metal,  wlien 
it  has  ceased  to  serve  for  producing  sound  it  is 
used  for  reflecting  light. 

A  small  addition  of  zinc  to  a  bronze  alloy  assists 
in  the  mixing,  and  increases  the  malleability  without 
materially  affecting  the  hardness.  Lead  increases 
the  ductility  of  gun-metal,  at  the  expense  of  its 
hardness  and  color.  !Mr.  Donkin  proposes  the 
addition  of  nickel.  Dr.  Ure  suggests  antimony. 
The  addition  of  from  two  to  four  i)er  cent  of  iron  to 
the  gun-metal  is  claimed  to  make  an  extremely 
tough  alloy.     See  Gdn-metal  ;  Bronze. 

Sir  J.  Gardiner  Wilkinson  mentions  finding  a 
bronze  chisel  among  the  chippings  of  the  limestone 
rocks  in  the  neighborhood  of  Thebes,  where  it  had 
been  accidentally  left  by  the  workmen  in  ancient 
times.  It  is  9^  inches  in  length,  diameter  at  the 
summit  1  inch,  and  weighs  1  lb.  12  oz. 

FUSIBLE  ALLOYS  {Composition  of). 


RoFc'g 
Newton 'i 

Newton  *«  (another  for- 
mula) . 
French 


j  '.Vootl'a 
jlVcod's 


Pr.tcnt  (March 

V.'ooa'rf  i.V.tent  for  nillr}? 
teeth  0:)t.  4,1  S'M)     I 


^ 

1 

1 
1 

\ 

1 
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1 
8 

2 

8 
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8 
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0 

2 
4 

1 

6 

8 
8 
7 

1 

1 

1 

d 

2 

7-8 

1-2 

1 

1-2 

2-3 

8-4 

1-2 

Melting- 
point. 


20PF. 
212 


199 


210 

180 


150 -leo 


KUPFFi:i:'}J  TAliLli  (  l'   FU»IBI.K    ALLOYS,  —  ATOMIC 

r:ioi»oRTioNs. 


Lend. 
1 
1 
1 
1 
1 
3 


Tin. 
5 
4 
3 
2 
1 
1 


Molting-poiat. 

3S1T. 
372 

307 
3S5 
4C0 


Holtzapffel*s  list  is  as  follows  :  — 

Tin.         Lead.       Binnath.     Mercory.    MelUng-pdnt 

558  T. 
541 
511 
482 
441 
370 
3^ 
340 
356 
865 
878 
381 
320 
310 
292 
254 
236 
202 
8      122 

According  to  a  table  arranged  by  Professor  P.  H. 
Vander  Weyde,  the  fusion  points  of  the  under- 
mentioned alloys  are  as  follows  :  — 


1 

25 

1 

10 

1 

5 

1    • 

3 

1 

2 

1 

1 

... 

H 

I 

2 

1 

3 

1 

4 

1 

6 

1 

6 

1 

4 

4 

i 

3 

8 

1 

2 

2 

1 

1 

1 

1 

1 

2 

2 

5 

8 

8 

6 

8 

8 

Bismuth. 

Tin. 

Letd. 

Mercoiy. 

MclUng-point. 

5 

2 

3 

1 

167  *■  F. 

4 

1 

i 

185 

4 

i 

1 

203 

5 

4 

1 

257 

1 

•1 

284 

... 

8 

2 

329 

8 

1 

338 

Pure  tin     . 

, 

, 

,          , 

.     428 

Pure  bismuth 

,         , 

,          , 

500 

Pure  lead 

. 

. 

. 

.     617 

Lead. 

Tin. 

Bifmath. 

roini 
rude 

120 

140 

120 

130 

145 

145 

100 

140 

150 

150 

75 

150 

150 

150 

50 

160 

170 

180 

35 

170 

210 

190 

30 

180 

140 

155 

30 

190 

200 

185 

30 

200 

200 

180 

30 

210 

240 

150 

30 

220 

207 

194 

30 

180 

A  more  extended  table  of  the  fusible  points  of 
the  ordinary  triple  alloys  is  given  in  the  Bulletin 
(U  la  SociUi  Chimiqtie :  — 

Polntof 
SolidiflcaUon. 

112 'C. 

129 

135 

150 

168 

165 

180 

180 

180 

180 

180 

The  Egyptians  soldered  with  lead  as  long  ago  as 
the  time  of  Thothmes,  B.  C.  1490,  the  time  of 
Moses.  Pliny  refers  to  the  art,  and  says  it  requires 
the  addition  of  tin  for  use  as  a  solder.  The  tin 
came  mainly  from  fhe  Cassiterides  (Cornwall). 

Gold  Alloys. 

Gold.  Silver.  Copper. 

18-carat  gold  of  yellow  tint       .     300  m  54 

18-caratgoldof  red  tint        .         360  42  78 

16-caratgold   ....       36  0  12 

16-camt  gold  nearly  (yellow  tint)    20  7  5 

lO-camt  gold  nearly  (reil  tint)         20  2  8 

11 -carat  gold  nearly          .         .       20  11  11 

Gold  solders  are  made  from  gold  of  the  quality  of 
the  article,  say  18  or  16  carats,  to  which  ia  udded 
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JL  of  silver  and  one  -^  of  copper ;  or  a  lar^r 
proportion  of  silver  and  copper  for  ware  of  infenor 
fineness. 


JEWELER  S    ALLOCS. 


Blanched  Copper  (Mock  Sllrer) 

Imitation  Gold  {Uermiitadrs) ; 
(this  roramblos  gold  in  color 
and  speciflc  gravity)  . 

Semilor 

llanheim  Gold 

or     .       .        . 

Morale  Gold  ( Hamilton  and 
Parker's  Patent)    . 

Pinchbeck     .... 

Mock  Platinom 

Bath  Metal     .... 

Very  hard  Bronae  (Chantrey's) 

Speculum  Metal   . 


16 


Martin's  Patent,  Aug.  28, 1859 

OrMoln      . 

Tombac  (Malay,  tambaga,  cop- 
per)     

Red  Tombac 

Mock  Silver  (Toneas^s  Patent, 
1866,  England) 

Mock  Gold  (Hackert's,  patented  June  11, 1867),  cream  of 
8  OS. ;  saltpeter,  1  oi. ;  melt,  and  add  melted  copper, 
borax,  1  oi. ;  sine,  1  oi. ;  tutty,  1  os. 


If 

3J^ 

g 

§•    fi 

n 

O    P 

16 

7 

5 

4 

8 

i 

82 

6 

8 

82 

82 

5 

7 

4 

6 

2 

1 

100 

48 

16 

1 

11 

6 

1 

»  ,  -  '  F  .5 


'i 


16 


1     4 


{« 


tartar, 
8o«.; 


its,  compensates  for  the  contraction,  causing  the 
alloy  to  retain  the  full  size  of  the  mold,  making  the 
letters  sharp. 

Sometimes,  from  motives  of  economy,  the  neigh- 
boring parts  of  machinery  are  not  wrought  ac-* 
curately  to  correspond  one  with  the  other,  but  metal 
is  poured  in  to  fill  up  the  intemiediatc  siiacc  and 
make  contact.  Antimony  is  an  essential  addition 
in  such  cases  to  prevent  the  contraction  tlie  lead 
edone  would  sustain,  and  which  would  defeat  the  in- 
tended object,  as  the'  metal  would  othenvise  become 
smaller  than  the  space  to  be  filled. 

WHITE   METAL  ALLOYS. 


SOLDERS  {Composition  of). 


Pewterer's 
Pewterer'8,Mrft 

**  •* 

Tinman's 
Coarse 
Plumbers* 
Hard  Spelter    . 
Gold*  . 

For  Bmxing  Steel 
Hardest  Silver 
Hard  Silver 
Soft  SUver     . 
For  Aluminium  (Sterr's.Mar.lO, 
1868)  . 


1 

jk 

i 

^ 

1 

1 

9 

1 

1 

2 

1 

4 

2 

t 

1 

1 

1 

' 

8 

2 

16 

12 

12 

2  4 
19   1 
4   1 
8 
2 

2 

2 

1 

2 

*.  I 


880^ 


Speculum  Metal 


Pewter 

Hard  Pewter 

Best  Pewter     . 

Pewterer's  "  Temper 

Pot  Metal  (used  also  for 
jkacets)      . 

Shot  Metal 

Cowper's  alloy  far  turn- 
ing in  the  roar  tnaint 
for  subsequent  print- 
ing as  letterpress 

Bkldery  Ware 

Britannia  Metal 

Britannia  Metal  (an- 
other formula) 

Britannia  Metal  (Urd- 
ner's)    . 

Britannia  Metal  (Over- 

0) 


i    476 
1869 


•  Various  proportions  are  employed,  according  to  the  fine- 
ness of  the  article,  so  as  not  to  risk  the  test  of  assay. 

TYPE-METAL  {Cmnposition  of). 


I- 


For  the  smallest  and  most  brittle 

types 

For  tho?o  a  grade  softer    . 

*'    medium  tdzed  types 

"    large  types  .... 

"    largvst  and  softest  types 

••    stereotype  plates 

"  "  "     now  recipe . 

Bestoy's  patent  type-metal  (1866, 

Kngland) 


100 


1 
1 
1 
1 

1 

^|300| 
30;  201  8 


German  Tutania  . 
Spanish       " 
Queen's  Metal 
Queen's  Metal  (anoth- 
er formula) 
Parisian  White  Metal 
Ccnnmon  AlbataorOer-| 

man  Silver    .        .     20 
Best  Albata  or  German! 

Silver    .        .        .120 
WTiite  Copper  or  Tute-| 

nag       ...     ,60 
Packfong  (Chinesci       '40.4 
Packfong  (mi>ro  malleo-l 

ble)       .        .        .6 
Packfong  |G8.89 

German   Silver  (finest 

quaUty)     .        .        I  1 
German  Silver  (for  roll-' 

ing)    ...        ,20 
German  Silver  (for  cast-l 

ing)    .        .       .        120 
German  Silver  (original  I 

formula)  .26 

German  White  Copper  88 


From  four  to  six  per  cent  of  tin  is  used  in  the 
smaller  types,  and  sometimes  a  small  amount  of 
copper. 

In  this  alloy  the  antimony  fulfils  another  service 
besides  imi)arting  hardness.  Antimony  expands 
somewhat  in  cooling,  whereas  lead  conti'acts  consid- 
erably ;  tlie  antimony  therefore,  within  certain  lim- 


r' 

e 

i 

11 

1 

2 
4 

112 

4 

192 

lOO 

2 

8 
2 

16 

1 

6-8 
66 

1 

16 
17 

2 
2 
1 

128 

4 

2 

4 

4 

892 

28 

88 
48 
24 
9 

1 

1 

7 

4 
2 

1 

100 

6.6 

16 

8-10 

8 

Isi 

26.4 

7 
18 

2 

60 

60 

20 

40 

1 

sl 

l! 

2.6 


19.8 

S-4 

5-6 

19 
|dl.6 

I  7 
ll7.48 

I  1 

26 

I 

,20 

Q 

8.76 


I 


Special  Formulas. 

A  metal  that  expands  in  cooling  ;  useful  in  filling 
defects  in  iron  castings  :  — 

Lead  .  .  .9 
Antimony  .  .  2 
Bismuth  .         .    1 


Babbitt  metal :  — 

Copper  .         .         1 

Kegulus  of  Antimony    1 
Tin  .         .         .10 

Melt  the  copper  first,  then  the  antimony,  then  the 
tin,  strewing  charcoal-powder  over  the  crucible  to 
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prevent  it  from  burning  away.  Cast  it  in  bars.  It 
should  not  be  kept  hot  on  tne  fire  any  longer  than 
is  absolutely  essential.  Wash  the  box  to  be  tinned 
with  alcohol,  and  tlien  sprinkle  powdered  sal-ammo- 
niac on  it ;  liold  it  over  the  fire  until  the  same  fuses, 
then  plunge  it  in  melted  tin.  All  jiarts  not  to  be 
tinned  must  be  washed  with  clay.  Muriate  of  zinc, 
-  that  is,  zinc  cut  \vitli  muiiatic  acid,  may  be  em- 
ployed  instead  of  the  ammoniac,  where  it  can  be 
obtained.  When  the  box  is  tinned  it  will  take  the 
Babbitt,  but  it  must  be  pretty  bot  before  the  Bab- 
bitt is  poured  in. 

Babbitt's  English  Patent  gives  the  proportions  :  — 

Tin        .         .         .     60 

Antimony  .         .  5 

Copper  ...       1 


BiRKHOLz's  metal  :  — 

Cast-iron  .         .     2  lbs. 

Charcoal       .         .  2  oz. 

are  heated  in  a  crucible  to  a  white  heat ;  add  thereto 

Copper     .        .         .60  lbs. 
Heat  till  both  are  melted  together,  then  add 

Borax     .  .     4  oz. 

Zinc      ...       38  lbs. 
making  100  pounds  of  the  composition. 

These  are  the  mateiials  and  almost  exactly  the 
proportions  of  the  Austrian  Navy  gim-metal.      See 

BUONZES    AND    BRASSES   WITH    THE    ADDITION    OF 

Iron  (p.  61). 


Dinsman's  metal  for  journal-boxes 

,  patented  Feb- 

ruary  27,  1866  :  — 

Copper 

11b. 

Glass      . 

4oz. 

Borax 

loz. 

Prussiate  of  Potash 

i  oz. 

Lead. 

8oz. 

In  his  patent  of  October  15,  1867, 

1  oz.  of  tin  is 

substituted  for  the  8  oz.  of  lead. 

An  alloy  of 

Silver      ...     80 

Platinum      .        .         20 

resists  the  tarnishing  action  of  sulphur. 


Baron  Wetterstedt's  alloy  for  sheathing  for 
ships :  — 

Lead      .         .         .100 
Antimony  .        .  8 


Kennelly's  patent,  March  31,  1863.     For  horse- 
shoes :  — 

American  Charcoal  Iron  30  lbs. 
Bone-dust  .  .  .  4  oz. 
Manganese  .  .  .  2  ** 
Ferrocyanide  of  Potash  .  1  ** 
Hematite  .  .  .  1  " 
Wolfram  .        .        .     7   ** 

melted  and  cast  in  molds  of  the  required  shape. 


Johnston's  patent,  November  26,  1867.  For 
dental  uses  :  — . 

Sodium  or  i>otassium,  or  nu  amalgam  of  either, 
is  added  to  mercur}'  to  fucilitate  its  union  with  sil- 
ver, tin,  cadmium,  platinum,  etc. 


For 


Brander's   patent,    February    12,  1867. 
roofing :  — 

Lead       .         .         .75 
Zinc  ...         25 
are  made  into  an  ingot,  coated  with  pure  tin,  and 
rolled.  

Brayton's  patent,    August  6,    1867.      For  eye- 
lets : — 

Tin  .        .  .4 

Zinc     ...         1 


Taylor's  patent,  January  8,  1867.      For  sabots 
of  projectiles  :  — 

Lead        .         .       ..4 
Tin      ...        1 
for   moderate    charges.     The   tin   is   increased 
heavier  chai-ges  and  projectiles  to  the  extent  of 
Lead     .         .         .120 
Tin  .        .         .         .78 
With  projectiles  of  300  \\\s,  and  over,  3  lbs.  of 
copper  are  added  to  the  alloy  for  a  sabot. 


for 


Two  new  alloys  of  tin  and  lead  arc  described  in 
a  recent  French  publication.  AVliile  containing  less 
tin  than  is  usecl  in  common  pewter,  they  ai-e  said 
to  possess  most  of  its  advantages.  They  are  not 
acted  upon  by  vinegar,  sour  wine,  or  salt-water.  The 
first  is  made  by  melting  1  jmrt  of  tin  with  2.4  parts 
of  lead.  The  lead  is  first  melted  and  skimmed,  then 
the  tin  is  added,  and  the  mixture  is  stiiTed  continu> 
ally  with  a  wooden  stick  until  it  begins  to  cool,  to 
prevent  the  lead  from  settling  to  the  bottom. 
This  mixture  has  the  density  of  9.64,  and  its 
melting-point  is  320°  Fah.  It  may  be  i-olletl 
cold,  and  the  plates  do  not  crackle  when  bent.  It 
takes  a  veiy  good  polifch,  and  tainishes  but  little  on 
exposure.  It  will  mark  ]:aper  like  lead,  and  is  so 
sort  that  it  may  be  scratched  with  the  nail,  but  it 
will  not  foul  a  saw  or  file. 

The  second  alloy  is  made  by  melting  together  in 
the  same  way  1  i;art  of  tin  with  1.25  parts  of  lead. 
This  alloy  is  less  elastic  and  harder  than  the  fore- 
going. It  is  rather  brittle,  less  malleable  than  the 
former,  and  fills  up  a  file.  Neither  of  these  alloy's 
was  acted  on  by  boiling  with  acetic  acid  for  half  an 
hour,  and  standing  in  the  acid  for  twenty-four  hours 
longer,  nor  hail  £alt-water  any  action  upon  Ihem  ; 
hence  they  may  be  useful  for  £omc  kinds  of 
utensils. 


VIGOUROUXS  ALLOY   FOR   BEER-TAPS. 


Alloy  for  organ -pipes  :  — 
Lead 
Tin     . 


50 
25 


For  the  body  . 
Or  . 


785 
F07 
716 


Tin.  Antimony.        Nkkd. 


196 
176 
£16 


20 
18 
70 


Burton's  patent,  February  12,  1867.     For  plow- 
shares :  — 

Copper  .  .  .14 
Tin  .  .  .  14 
Zinc  .  .  .77 
Antimony  .  *     .  3 

Lead      ...       1 


Cock -metal  is  an  alloy  of  copper  and  of  lead  for 
faucets.  

Metallic  injection  for  anatomical  preparations :  — 

Bismuth  .         .         .1 

I.ead    ...  1 

Tin  ...     1 

with  the  addition  of  a  small  amount  of  mercury. 
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Hackeet's  patent,   May  17,   1864.     For  knobs 
and  hardware  :  — 

Copper  ...  8 
Arsenic  .  .  8 
Cream  of  Tartar  .    2 


Ppeiffbr's  patent,  August  14,  1866  :  — 
Lead  .         .         .     98 

Copper     ...  1 

Tin  .        .        .      i 

Antimony        .        .  | 

Bismuth      .        .        .      | 


Hood's  alloy  for  ship's  bolts  (England,  1844) :  — 
Copper       .        .        .40.4 
Zinc       .         .         .  8.8 

Lead  .         .        .    16.6 

Antimony       .        .         6.1 


Strubino's  box  metal  for  bearings  (Engl.,  1849) : — 
Zinc  .        .         .76 

Tin        ...        18 
Lead 
.  Antimony       .        .         2i 


(Oreide.)    An  analysis  of  this  new  compound  by 
a  Qerman  chemist  gives  the  foUo.wing  :  — 
Copper     .        .        .79.7 
Zinc      .        .        .        13.6 
Nickel      .         .         .6.09 
Iron      .        .        .  0.28 

Tin  .        .        .        .       0.09 
The  two  latter  he  regarded  as  mere  accidental 
ingredients. 
According  to  another  formula  oreide  consists  of 
Pure  Copper      .        .     100 
Zinc  or  (preferably)  Tin  17 
Magnesia         .  6 

Sal-ammoniac      .        .8.6 
Quicklime       .        .        1.8 
Tartar  of  Commerce     .    9 
See  Oreide. 


An  alloy  for  silver  coin,  etc.,  upon  which  experi- 
ments have  been  made  in  France,  and  which  is  said  to 
render  the  metal  more  homogeneous  than  the  com- 
mon alloy  of  pure  copper,  less  liable  to  be  tarnished 
by  sulphuret&d  hydrogen,  and  which,  when  tough- 
ened by  continued  romng,  may  be  restored  by  sim- 
ple heating,  is  as  follows  :  — 

Copper  .98 

Zihc  ...         72 

To  be  added  to  Silver     .    886 


Maoee's  alloy  for  moldboards  of  plows.    Septem- 
ber 9,  1871. 

Copper  .  •.  .  .85 
Tin  ....  12 
Zinc       ....     3 


Aluminium  bronze,  consisting  of  copper  90,  alumin- 
ium 10  per  cent  (by  weight,  we  suppose),  has  been 
stated  to  have  the  strength  of  cast-steel ;  a  state- 
ment apparently  confirmed  by  Mr.  Anderson  of  the 
Royal  Gun  Factory  in  England,  and  by  the  experi- 
ments of  Mr.  Morin,  Nanterre,  where  it  was  found 
that  the  tensile  strength  of  this  metal  ia  of  6,828 
kilogrammes  to  the  square  centimeter.  At  the  same 
time  a  very  important  point  was  determined,  — the 
transverse  strength  or  resistance  to  being  bent. 
This  was  found  to  be  for  brass,  2.22;  gun-metal, 
0.15  ;  aluminium  bronze,  0.05.  That  is  to  say,  three 
equal  bars  of  these  different  metals  were  fastened  at 
one  end  so  as  to  be  perfectly  horizontal,  a  certain 
5 


equal  weight  was  placed  at  the  free  end  of  each  bar, 
and  the  result  measured  by  an  instrument  for  tiiat 
purpose.  Brass  bent  at  2.22  de^es  of  the  instru- 
ment, the  other  metals  as  indicated  above,  thus 
showing  the  resistance  of  aluminium  bronze  to  be  44 
times  greater  than  brass.  The  transverse  strength, 
the  resistance  •  to  permanent  flexion,  resistance  to 
friction,  and  the  superior  resistance  to  oxidation  dis- 
played by  this  metal,  although  the  latter  quality 
has  not  yet  been  accurately  determined,  admirably 
qualify  it  for  delicate  mechanism  and  also  for  pur- 
poses where  hardened  steel  was  entirely  employed. 
The  tenacity  of  this  alloy  is  astonishmg,  and  is 
hardly  equalled  by  any  other  metal ;  it  is  more 
difficult  to  cut  than  gold  or  brass,  but  the  cut  is 
very  clean  and  smooth. 

The  alloy  of  iridium  and  osmium,  called  iridos- 
mine,  is  the  hardest  of  all  alloys,  and  is  used  for 
pointing  the  Hawkins  **  Everlasting  Pen  "  (English). 

Miclon,  of  Paris,  proposes  a  new  alloy  for  the 
manufacture  of  all  metallic  articles,  —  bells,  hammers, 
anvils,  rails,  and  non-cutting  tools.  The  alloy  con- 
sists of  twenty  parts  of  iron  turnings  or  tin  waste, 
eighty  parts  of  steel,  four  parts  of  manganese,  and 
four  parts  of  borax ;  but  tnese  proportions  may  be 
variea. 

When  it  is  desired  to  increase  the  tenacity  of  the 
alloy,  two  or  three  parts  of  wolfram  are  added. 
When  the  cupola  is  ready,  the  iron  and  steel  are 
poured  in,  then  the  man^nese  and  borax,  and  the 
vessel  is  filled  up  with  coke. 

A  number  of  other  alloys  are  known  and  used, 
including  some  of  Eastern  origin.  The  latter  are 
generally  of  little  practical  importance.    Such  are — 

Aurum  Musivum,  same  as  Mosaic  gold. 

Clinquant,  same  as  yellow  copper  ;  Dutch  gold. 

Caracoly,  composed  of  gold,  silver,  and  copper. 

Calin,  a  Chinese  alloy  composed  of  lead  ana  tin. 

Electrum,  an  ancient  alloy  of  gold  and  silver. 

The  following  table  afifords  a  ready  means  for  the 
conversion  of  decimal  proportion  into  divisions  of  the 
pound  avoirdupois.  The  proportions  of  metaU  in 
lormulas  for  alloys  are  sometimes  stated  in  one  way 
and  sometimes  in  the  other. 


Dec. 
of  lb. 

Oa 

.dr. 

Dec. 
of  lb. 

Oi.dr. 
2   1 

!  Dec. 
,  of  lb. 

0».dr. 

Dec. 
of  lb. 

0«.dr. 

.0089 

1 

.1289 

.2589 

4 

1 

.3789 

6  1 

.0078 

2 

.1828 

2 

2  1  .2578 

4 

2 

.3828 

6  2 

.0117 

8 

.1887 

2 

8  '  .2617 

4 

8 

.8867 

6  8 

.0156 

4 

.1406 

2 

4  ,  .2656 

4 

4 

.3906 

6  4 

.0195 

5 

.1446 

2 

6  1  .2695 

4 

6 

.8945 

6  6 

.0284 

6 

.1484 

2 

6  1  .2784 

4 

6 

.8964 

6  6 

.0278 

7 

.1628 

2 

7  i  .2778 

4 

7 

.4028 

6  7 

.0818 

8 

.1662 

2 

8  1  .2818 

4 

8 

.4062 

6  8 

.0862 

9 

.1601 

2 

9  I  .2862 

4 

9 

.4102 

6  9 

.0891 

10 

.1641 

2 

10  .2891 

4 

10 

.4141 

6  10 

.0480 

11 

.1680 

2 

11  1  .2980 

4 

11 

.4180 

6  11 

.0469 

12 

.1719 

2 

12  ,  .2069 

4 

12 

.4219 

6  12 

.0608 

18 

.1758 

2 

13  .8008 

4 

13 

.4268 

6  18 

jmi 

14 

.1797 

2 

14  1  AH7 

4 

14 

.4297 

6  14 

.0686 

15 

.1886 

2 

15  i  sm 

4 

16 

.4336 

6  16 

.0625 

0 

.1875 

8 

0  .  .8126 

6 

0 

.4875 

7  0 

.0664 

1 

.1914 

8 

1   .8164 

5 

1 

.4414 

7  1 

.0708 

2 

.1958 

8 

2  .8203 

5 

2 

.4453 

7  2 

.0742 

8 

.1992 

3 

8  .8242 

5 

3 

.4492 

7  8 

.0781 

4 

.2081 

8 

4  I  .8281 

6 

4 

.4531 

7  4 

.0820 

6 

.2070 

8 

6 

.8320 

5 

6 

.4570 

7  6 

.0859 

6 

.2109 

8 

6 

.8359 

6 

6 

.4600 

7  6 

.0896 

7 

.2148 

8 

7 

.8396 

5 

7 

.4648 

7  7 

.0988 

8 

.2188 

8 

8  j  .8487 

6 

8 

.4687 

7  8 

.0977 

9 

.2227 

8 

9  .8476 

6 

9 

.4727 

7  0 

.1016 

10 

.2266 

8 

10  I  .8516 

6 

10 

.4766 

7  10 

.1055 

11 

.2806 

8 

11 

.8555 

6 

11 

.4806 

7  U 

.1094 

12 

.2844 

8 

12 

1^ 

6 

12 

4844 

7  12 

.1188 

13 

.2888 

8 

18 

6 

18 

'4888 

7  18 

.1172  1 

14 

i2422 

8 

14 

.8672 

6 

14 

.4822 

7  14 

.1211  1 

16 

.2461 

8 

15   .8711 

6 

16 

.4961 

7  16 

1260  2 

0  .2500  1 

4 

0  '  .8760 

6 

0 

.6000 

8  0 
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It  is  believed  that  alloys  are  more 

perfect  when  1 

compounded  according  'to  atomic  proportions,  or  by 

multiples  of  their  chemical  equivalents,  instead  of 
by  volumes.     The  chemical  equivalents  of  the  metab 

upon  the  hydrogen  scale,  now  most  usually  adopted, 
are  appended  to  the  following  list  of  metals  :  — 

METALS. 

Melting- 

Specific 

Chemical 

point. 

Gravity. 

Bquivalents. 

700  «>F. 

2:g?. 

18.76 

Antimony     . 

800 

6:712 

64.6 

Arsenic 

» 

6^ 

877 

Bismuth 

600 

9.822 

71.0 

Cadmiutai . 

442 

8.80 

55.8 

Cobalt   . 

2600 

8.68 

29.6 

SoiT.-  .• 

2000 

,8.86 

(cast)    81.6 

2016 

19.3 

199.2 

Iron  (wroaght) 

8280 

17.6 

28. 

Iron  (cut)    . 

2786 

7.807 

28. 

Umd         .        . 

612 

11.44 

108.6 

Manganese 

2700 

6.86 

27.7 

Mercury  (boiU  at) 

670 

18  JS 

202.0 

Nickel   . 

2600 

8.27 

29.6 

Palladium 

hardly  Airible 

11.8 

68.8 

Platinum      .     . 

i»           <i 

21.6 

98.8 

Rhodium  . 

«t           It 

11.0 

62.2 

Silver    . 

1878«F. 

10.4 

(cast)  108.0 

Tin  .       .       . 

442 

7.28 

67.9 

Zinc 

778 

6.8 

82.8 

For  a  more  complete  Hst  see  Atomic  Weights  of 
Metals  ;  Metals. 

lUoyt  of  greater  Sl[>eci/k  Gravity  than  the  Mean  of  their  Com- 
ponents. 


Gold  aitd  Zinc. 
Gold  and  Tin. 
Gold  and  Bismuth. 
Gold  and  Antimony. 
Gold  and  (Cobalt. 
Silver  and  Zinc. 
Silver  and  Lead. 
Silver  and  Tin. 
Silver  and  Bismuth. 
Silver  and  Antimony. 

AUofS  having  a  Spw\fie  Cfravity  inferior  to  the  Mean  of  their 
Constihunts. 


Copper  and  Zinc. 
Copper  and  Tin. 
Copper  and  Palladium. 
Copper  and  Bismuth. 
Copper  and  Antimony. 
Lead  and  Bismuth. 
Lead  and  Antimony. 
Platinum  and  Molybdenum. 
Palladium  and  Bismuth. 


Gold  and  Silver. 
Gold  and  Iron. 
Grold  and  Lead. 
Gold  and  Copper. 
Gold  and  Iridium. 
Grold  and  Nickel. 
Silver  and  Copper. 
Copper  and  Lead. 


Iron  and  Bismuth. 
Iron  and  Antimony. 
Iron  and  Lead. 
Tin  and  Lead. 
Tin  and  Palladium. 
Tin  and  Antimony. 
Nickel  and  Arsenic. 
Zinc  and  Antimony. 


(Remarks.)  The  various  proportions  and  relative 
qualities  as  to  melting-point  and  gravity  are  col- 
lected from  a  multitude  of  sources,  the  best  attain- 
able. The  authorities,  however,  differ  somewhat 
widely,  and  this  can  only  be  accounted  for  from  the 
fact  that  so  few  metals  can  be  obtained  pure.  The 
differences  in  the  metals  obtained  from  different 
localities  are  often  unsuspected,  and  are  fully 
proven  in  the  variable  statements  of  the  cohesion  in 
the  tables  compiled  by  Muschenbroek,  Ti-edgold, 
Barlow,  Brown,  Kumford,  Rennie,  Telford,  Brajoiah, 
and  others. 

The  difficulty  that  has  thus  arisen  has  caused  vari- 
able statements  in  the  formulas  for  bell  and  ordnance 
casting,  and  has  very  considerably  affected  the  exact- 
ness of^  statement  in  all  the  alloys,  especially  the  more 
fusible  ones,  where  the  various  combinations  of  lead, 
tin,  and  bismuth  give  such  variable  results. 

It  appears  to   oe  scarcely  possible  to  give  any 


sufficiently  general  rules,  by  which  the  properties 
of  alloys  may  be  safely  inferred  from  those  of  their 
constituents ;  for  although,  in  many  cases,  the 
working  qualities  and  appearance  of  an  alloy  may 
be  nearly  a  mean  proportional-  between  the  nature 
and  qualities  of  the  metals  composing  it,  yet  in  other 
and  frequent  instances  the  deviations  are  excessive,  as 
will  be  seen  by  several  of  the  examples  following. 

Thus,  when  lead,  a  soft  and  malleable  metu,  is 
combined  with  antimony,  which  is  hard,  brittle,  and 
crystalline,  in  the  proportions  of  from  twelve  to 
fifty  parts  of  lead  to  one  of  antimony,  a  flexible 
alloy  is  obtained,  resembling  lead,  but  somewhat 
harder,  and  which  is  rolled  into  sheets  for  sheath- 
ing ships.  Six  parts  of  lead  and  one  of  antimony 
are  used  for  the  large,  soft  printers*  types,  which 
will  bend  slightly,  but  are  considerably  harder  than 
the  foregoing  ;  and  three  parts  of  lead  and  one  of 
antimony  are  employed  for  the  smallest  types,  that 
are  very  hard  ana  brittle,  and  will  not  bend  at  all ; 
antimony  being  the  more  expensive  metal,  is  used 
in  the  smallest  quantity  that  will  suffice.  The 
difference  in  specific  gravity  between  lead  and 
antimony  constantly  interferes,  and  unless  the  type- 
metal  is  frequently  stirred,  the  load,  from  being  the 
heavier  metal,  sinks  to  the  bottom,  and  the  anti- 
mony is  disproportionally  used  from  the  surface.  In 
the  above  examples*,  the  differences  arising  from 
the  proportions  appear  intelligible  enough,  as,  when 
the  soft  lead  prevails,  the  mixture  is  much  like  the 
lead  ;  and  as  the  hard,  brittle  antimony  is  increased, 
the  alloy  becomes  hardened  and  laove  brittle  ;  with 
the  proportion  of  four  to  one,  the  fracture  is  neither 
reluctant  like  that  of  lead,  nor  foliated  like  anti- 
mony, but  assumes  very  nearly  the  grain  and  color 
of  some  kinds  of  steel  and  cast-iron.  In  like  man- 
ner, when  the  tin  and  lead  are  alloyed,  the  former 
metal  imparts  to  the  mixture  some  of  its  hardness, 
whiteness,  and  fusibility,  in  proportion  to  its  quan- 
tity, as  seen  in,  the  various  qualities  of  pewter,  in 
which,  however,  copper  and  sometimes  zinc  or  anti- 
mony are  found.  The  same  agreement  is  not  always 
met  with  ;  as  nine  parts  of  copper,  which  is  red,  and 
one  part  of  tin,  which  is  white,  both  very  malleable 
and  ductile  metals,  make  the  tough,  rigid  metal 
used  in  brass  ordnance,  from  whicn  it  ootains  its 
modem  name  of  gun-metal,  but  which  neither  admits 
of  rolling  nor  drawing  into  wire  ;  the  same  alloy  is 
described  by  Pliny  as  the  soft  bronze  of  his  day. 
The  continual  addition  of  the  tin,  the  aoftcr  metal, 
produces  a  gradual  increase  of  hardness  in  the  mix- 
ture ;  with  about  one  sixth  of  tin  the  alloy  assumes 
its  maximum  hardness  consistent  with  its  application 
to  mechanical  uses  ;  with  one  fourth  to  one  third  tin 
it  becomes  highly  elastic  and  sonorous,  and  its  brit- 
tleness  rather  than  its  hardness  is  greatly  increased. 

When  the  copper  becomes  two  parts,  and  the  tin 
one  part,  the  alloy  is  so  hard  as  not  to  admit  of  be- 
ing cut  with  steel  tools,  but  crumbles  under  their  ac- 
tion ;  when  struck  with  a  hammer,  or  even  suddenly 
warmed,  it  flies  in  pieces  like  glass,  and  clearly 
shows  a  structure  highly  crystalline,  instead  of  mal- 
leable. The  alloy  has  no  trace  of  the  red  color  of 
the  copper,  but  it  is  quite  white,  susceptible  of  an 
exquisite  polish,  and,  being  little  disposed  to  tarnish, 
it  is  most  perfectly  aidaptc^  to  the  reflecting  specu- 
lums  of  telescopes  and  other  instruments,  for  which 
purpose  it  is  alone  used. 

Copper,  when  combined  in  the  same  proportions 
with  a  different  metal,  also  light-colored  and  fiisi- 
ble,  namely,  two  parts  of  copper  with  one  of  zinc 
(which  latter  metal  is  of  a  bluish-white,  and  crys- 
talline, whereas  tin  is  very  ductile),  makes  an  alloy 
of   entirely    opposite    character   to    the  speculum 
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metal;  namely,  the  soft  yellow  brass,  which  be- 
comes by  hammering  very  elastic  and  ductile,  and 
it  very  easily  cut  and  filed. 

Again,  the  same  proportions  —  namely,  two  ports 
of  copper  and  one  or  lead  —  make  a  common  in&rior 
metal,  called  pot-metal,  or  cock -metal,  from  its 
employment  in  those  respective  articles.  This  alloy 
is  much  softer  than  brass,  and  hardly  possesses 
malleability ;  when,  for  example,  the  beer-tap  is 
driven  into  the  cask,  immediately  after  it  has  been 
scalded,  the  blow  occasionally  breaks  it  in  pieces, 
from  its  reduced  cohesion. 

Another  proof  of  the  inferior  attachment  of  the 
copper  and  lead  exists  in  the  fact  that,  if  the  molds 
are  opened  before  the  castings  are  almost  cold 
enough  to  be  handled,  the  lead  will  ooze  out,  and 
appear  on  the  surface  in  globules.  This  also  occurs 
to  a  less  extent  in  gun-metal,  which  should  not  on 
that  account  be  too  rapidly  exposed  to  the  air  ;  or 
the  tin  strikes  to  the  surface^  as  it  is  caUed,  and 
makes  it  particularly  hard  at  those  parts,  from  the 
proportion|il  increase  of  the  tin.  In  casting  large 
masses  of  gun-metal,  it  frequentlv  happens  that 
little  hard  lumps,  consisting  of  nearly  half  tin,  work 
up  to  the  surface  of  the  runners,  or  pouring-places, 
during  the  time  the  metal  is  coolini;. 

In  brass  this  separation  scarcely  happens,  and 
these  molds  may  be  opened  whilst  the  castings  are 
red-hot  without  such  occurrence ;  from  which  it 
iq>peare  that  the  copper  and  zinc  are  in  more  per- 
fect chemical  union  than  the  alloys  of  copper  with 
tin  and  with  lead. 

The  malleability  and  ductility  of  alloys  are  in  a 
great  measure  referable  to  the  degrees  in  which  the 
metals  of  which  they  are  respectively  composed 
possess  these  characters. 

Lead  and  tin  are  malleable,  flexible,  ductile,  and 
inelastic  whilst  cold,  but  when  their  temperatures 
much  exceed  about  half-wav  toward  their  melting- 
heats,  they  are  exceedingly  brittle  and  tender, 
owing  to  their  reduced  cohesion. 

The  alloys  of  lead  and  tin  partake  of  the  general 
nature  of  these  two  metals  ;  they  are  flexible  when 
they  are  cold,  even  with  certain  additions  of  the 
brittle  metals,  antimony  and  bismuth,  or  of  the 
fluid  metal,  mercury  ;  but  they  crumble  with  a  small 
elevation  of  temperature,  as  these  alloys  melt  at  a 
lower  degree  than  either  of  their  components,  to  which 
circumstance  we  are  indebted  for  the  tin  soldera. 

Zinc,  when  cast  in  thin  cakes,  is  somewhat  brittle 
when  cold,  but  its  toughness  is  so  £u*  increased 


when  it  is  raised  to  about  300**  Fah.  that  its  manu- 
facture into  sheets  by  means  of  rollera  is  then 
admissible ;  it  becomes  the  malleable  zinc,  and 
retains  the  malleable  and  ductile  character  in  a 
moderate  degree,  even  when  cold,  but  in  bending 
rather  thick  plates  it  is  advisable  to  warm  them  to 
avoid  fracture.  When  zinc  is  remelted,  it  resumes 
its  original  crystalline  condition. 

Zinc  and  lead  will  not  combine  without  the 
assistance  of  arsenic,  unless  the  lead  is  in  very 
small  quantity ;  the  arsenic  makes  this  and  other 
alloys  very  brittle,  and  it  is,  besides,  dangerous  to 
use.  Zinc  and  tin  make,  as  may  be  supposed, 
somewhat  hard  and  brittle  alloys,  but  none  of  the 
zinc  alloys,  except  that  with  copper  to  constitute 
brass,  are  much  used. 

Gold,  silver,  and  copper,  which  are  greatly  supe- 
rior in  strength  to  the  fusible  metals  above  named, 
may  be  forged,  either  when  red-hot  or  cold,  as  soon 
as  they  have  been  purified  from  their  earthy  mat- 
tera  and  fused  into  ingots ;  and  the  alloys  of 
gold,  silver,  and  copper  are  also  malleable,  either 
red-hot  or  cold.      Fme  or  pure    gold  and  silver 


are  but  little  used  alone  ;  the  alloy  is,  in  many  cases, 
introduced  less  with  the  view  of  depreciating  their 
value,  than  of  adding  to  their  hardness,  tenacity, 
and  ductility.  The  processes  which  the  most  severely 
test  these  qualities,  namely,  drawing  the  finest 
wires,  and  beating  gold  and  silver  leaf,  are  not  per- 
formed with  the  pure  metals,  but  gold  is  alloyed 
with  copper  for  tne  red  tint,  with  silver  for  the 
green,  and  with  both  for  intermediate  shades. 
Silver  is  alloyed  with  copper  only,  and  when  the 
quantity  is  small  its  color  sufiera  but  slightly 
from  the  addition,  although  all  its  working  qudities 
are  greatly  improved,  pure  silver  being  little  used. 

The  alloys  of  similar  metals  having  been  consid- 
ered, it  only  remains  to  observe  that  when  dissimi- 
lar metals  are  combined,  as  those  of  the  two  oppo- 
site groups,  namely,  the  fusible  lead,  tin,  or  zinc, 
with  the  less  fusible  copper,  gold,  or  silver,  the 
malleability  of  the  alloys,  when  cold,  is  less  than 
that  of  the  superior  metal,  and  when  heated  barely 
to  redness  they  fly  in  pieces  under  the  hammer ; 
and  therefore  brass,  gun-metal,  etc.,  when  red-hot, 
must  be  treated  wim  precaution  and  tenderness. 
Muntz's  patent  metal,  which  is  a  species  of  brass 
and  is  rolled  red-hot,  appeara  rather  a  contradiction 
to  this;  but  in  all  probability  this  alloy,  like  the 
ingots  of  cast-steel,  requires  at  firet  a  very  nice 
attention  to  the  force  applied.  It  will  he  also 
remembered  the  action  of  rollera  is  more  regular  than 
that  of  the  hammer,  and  soon  gives  rise  to  the 
fibrous  character,  which,  so  far  as  it  exists  in  metals, 
is  the  very  element  of  strength,  when  it  is  uniformly 
distributed  throughout  their  substance. 

The  strength  or  cohesion  of  the  alloys  is  in  general 
greatly  superior  to  that  of  any  of  the  metals  of 
which*  they  are  composed.  For  example,  the  relative 
weights  which  tear  asunder  a  bar  of  one  inch 
square  of  the  several  substances  stand  as  follows,  — 
all  the  numbere  being  selected  from  Muschenbrcek's 
valuable  investigations,  so  that  it  may  be  presumed 
the  same  metals,  and  also  the  same  means  of  trial, 
were  used  in  every  case :  — 


AU<^. 


lbs. 
10  Copper,  1  Tin,  82,098 
8  **  1  "  86,088 
6  "  1  •*  44,071 
4  "  1  "  86,789 
2  "  1  "  1,017 
1     «       1   «t         72& 


CastMetala. 


Ib9. 
Barbaxy  Copper,     22,570 
Japan         ^'  20,272 

English  Block  Tin,  6,660 
^^  »♦      "      5,822 

Baaca  Tin,  8,679 

Malacca  Tin,  8;m 


The  inspection  of  these  numbera  is  highly  con- 
clusive, and  it  Bhows  that  the  engineer  agrees  with 
the  theory  and  experiment  in  selecting  the  propor- 
tion six  to  one  as  the  strongest  alloy ;  and  that  the 
optician,  in  choosing  the  most  reflective  mixture, 
employs  the  weakest  but  one,  its  strength  being 
only  one  third  to  one  sixth  that  of  the  tin,  or  one 
twentieth  that  of  the  copper,  which  latter  constitutes 
two  thirds  its  amount. 

See  HoltzaplTers  ''Turning  and  Mechanical 
Manipulation,    Art.  *  *  Allots. 

It  IS  much  to  be  regretted  that  the  valuable  labore 
of  Muschenbrcek  have  not  been  followed  up  by  other 
experiments  upon  the  alloys  in  more  general  use. 

One  curious  circumstance  will  be  observed,  how- 
ever, in  those  which  are  given,  namely,  that  in  the 
following  alloys,  which  are  the  strongest  of  their  re- 
spective groups,  the  tin  is  always  four  times  the 
quantity  of  the  other  metal ;  and  they  all  confirm 
tne  circumstance  of  the  alloys  having  mostly  a 
greater  degree  of  cohesion  than  the  stronger  of  their 
component  metals. 
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Alloys. 


lbs. 
4  English  Tin,  1  Lead,  10,607 

4BancaTin,  1  Antimony,  18,480 
4  "  "  1  Bismuth,  16,692 
4  Snglish  Tin,  1  Ooolar  Zinc,  10,258 
4       "       "     1  Antimony,    11,323 


Cast  Metals. 


lU. 
Lead,  886 

Antimony,       1,060 
Zinc,  2,689 

Bismuth,  8,008 

Tin,     8 jtll  to  6,660 


1 


For  other  matter  in  regard  to  metals,  see  Metals. 
The  varieties  of  alloys  are  considered  under  their 
specified  heads  as  follows  :  — 


Aich*8  metal. 

Albata. 

Aluminium  bronze. 

Ai^ntum  mosaicum. 

Artimourantico. 

Aurum  mosaicum. 

Babbitt  metal. 

Bath  metal. 

Bell -metal. 

Biddery  ware. 

Billon. 

Blanched  copper. 

Brass. 

Britannia  metal. 

Bronze. 

CaUn. 

Caracoli. 

Clinquant. 

Electrum. 

Expanding  alloys. 

Fusible  alloys. 

German  metal. 

German  silver. 

(German  steel. 

German  tutania. 

German  white  copper. 

GJold-solder. 

Gun-metal. 

Hard  solder. 

Imitation  gold. 

Journal-box  metal. 

Manheim  gold. 

Minargent 

Mock  gold. 

Mock  platinum. 

Mock  silver. 

Mosaic  gold. 

Muntz's  metal. 

Al'ma-dy.  (Vessel.)  An  African  canoe  made  of 
the  bark  of  trees. 

Airman.  {MetaJlurgy,)  A  furnace  used  by  refin- 
ers for  separating  metals.     See  ALMoxD-rrRNACE. 

Al'mond-for'naoe.  The  word  is  probably  cor- 
rupted    from 


Oreide. 
Packfong. 

Parisian    gold-colored   al- 
loy. 
Parisian  white  metal. 
Petong. 
Pewter. 

Pewterer's  sdlder. 
Pewterer's  temper. 
Plumber's  solder. 
Pot-metal. 
Queen's  metal. 
Red  brass.  ^ 

Red  tombac. 
Rosthom's  gun-metal. 
Sabot  metal. 
Semilor. 

Sheathing-metal. 
Shot-metal. 
Silver-solder. 
Soft  solder. 
Solder. 

Spanish  tutania. 
Speculum  metal. 
Spelter  solder. 
Statuary  brass. 
Stereotype  metal. 
Tinman's  solder. 
Tombac. 
Tula  metal. 
Tutenag. 
Type-metal. 
White  brass. 
White  malleable  alloy. 
White  metals. 
Wootz. 
Yellow  metal. 


Fig.  186. 


Watkew's  AknoHd-Feeler. 


Aunan   (Alle- 
mandf   Ger- 

Iman)  furnace. 
A  furnace 
used  by  refin- 
ers for  separat- 
ing all  kinds 
of  metals  from 
cinders,  etc. 

Al'-mond- 
peel'er.  •  A 
small  machine 
used  by  con- 
fectioners and 
cooks. 

Wathew's 
almond  -  peel- 
er, October  30,  I 


1866.  The  thin  peel  is  removed  from  the  scalded 
almond  kernels  by  passing  them  between  two  elastic 
bands  of  India-rubber,  traversing  side  by  side  in  the 
same  direction,  at  different  velocities. 

Almonds  came  from  Persia,  and  were  introduced 
into  England,  1570. 

Al'mu-can'ter  Staff.  An  instrument  having  an 
arc  of  15**,  formerly  used  to  obtain  observations  of 
the  sun's  amplitude  at  the  time  of  its  rising  and 
setting,  to  find  the  variation  of  the  compass. 

Al-pao'a.  (Fabric,)  a.  A  cloth  in  which  the 
wool  of  the  alpaca  (a  species  of  the  llama,  inhabit- 
ing Peru)  is  combined  with  wool,  silk,  or  cotton. 

b.  A  soft  dress-goods,  an  imitation  of  the  former ; 
having  a  cotton  chain  and  •woolen  filling,  plain 
color  and  highly  finished  surface. 

Ai'pha-bet  TePe-graph.  An  apparatus  which 
marks  symbols  on  paper  by  pressure,  as  Morse's  ; 
or  by  chemical  action,  as  Bain  s  ;  or  impresses  type 
on  paper,  as  House's  or  Hughes's  ;  in  contradistinc- 
tion to  one  whose  indications  are  observed  by  the 
fluctuating  position  of  a  needle  or  needles,  as  Cooke 
and  Wheatstone's,  or  the  bell-telegraph  of  Bright. 
See  Recording  Telegraph. 

Al-phon%iiL  (Surgical.)  A  kind  of  bullet- 
forceps.     Named  from  Alphonsus  Ferrier  of  Naples. 

Al'tar.  1.  The  low  ridge  which  intervenes  be- 
tween the  puddling-hearth  and  the  stack. 

2.  One  of  the  steps  at  the  side  of  a  graving-dock. 
The  steps  are  from  nine  to  sixteen  inches  in  hight, 
and  from  nine  to  fifteen  inches  wide,  except  the 
broad  altar^  which  is  eighteen  inches  wide. 

Alt-az-i-mutha.    See  Theodolite  ;  Transit. 

Al-tim'e-ter.  An  instrument  for  taking  altitudes 
geometrically,  or  for  measuring  vertical  angles,  as 
the  quadrant,  sextant,  etc.,  or  the  vertical  Hmb  of 
the  theodolite. 

One  of  the  first  references  to  means  for  measuring 
height  is  in  connection  with  the  most  worthy  arti- 
ficial object  in  the  world,  then  or  now.  Thales  is 
said,  by  Plutarch,  to  have  been  in  Egypt  in  the 
reign  of  Amasis,  and  to  have  taught  the  Egyptians 
how  to  measure  the  height  of  the  pyramid  oy  its 
shadow.  This  is  interesting  from  its  association  of 
names  and  places,  but  is  absurd  in  itself.  Thales 
went  to  Eg>'pt  to  learn,* not  to  teach.  During  the 
reign  of  the  same  king,  Egypt  was  visited  by  Py- 
thagoras and  Anacreon,  the  friends  of  Polycrates  of 
Samos  ;  Pythagoras,  amon^  other  things,  learned  to 
abominate  beans,  the  peculiar  aversion  of  the  Egyp- 
tian priests.  Eeypt  was  also  visited  about  this 
time  by  Solon  (Herodotus,  I.  80),  who  came  as  a 
student,  and  fdfterwards  introduced  some  of  the 
Egyptian  laws  into  his  Athenian  code. 

Al-tdn^car.  (Metallurf/i/.)  A  factitious  kind  of 
salt  used  in  separating  metals. 

Al'ti-soope.  Clark,  March  13,  1866.  This 
invention  consists  of  an  arrangement  of  lenses  and 
mirrors  in  a  vertical  telescopic  tube,  by  means  of 
which  a  person  is  able  to  overlook  objects  inter- 
vening between  himself  and  the  object  he  desires  to 
see.  When  the  sections  of  the  tube  are  extended, 
the  view  is  received  unon  an  upper  mirror  placed 
at  an  angle  of  45"  ana  reflectea  thence  down  the 
tube  to  a  lower  mirror,  where  it  is  seen  by  the  ob- 
server. The  image  is  magnified  by  lenses  inter- 
vening between  the  mirrors.  The  telescopic  tubes 
are  so  connected  that  each  in  turn  acts  upon  the 
next  in  series,  as  it  comes  to  the  end  of  its  own 
range,  and  thus  the  desired  elevation  is  arrived  at. 
The  means  of  extension  is  a  winch  and  cords. 

Stevens,  January  6,  1863.  This  affords  a  means 
for  training  guns  to  a  given  angle  with  the  axis  of 
the  vessel,  or  on  an  object,  while  the  gunner  re- 
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mains  beneath  the  gun-deck.  Thei*e  is  attached 
beneath  the  deck  to  the  pintle  of  the  pivoted  gun 
a  graduated  index-plate,  by  which  its  horizontal 
bearing  may  be  read.  A  telescopic  tube,  with  two 
rectangular  bends  and  with  reflecting  mirrors  at  the 
angles,  is  so  placed  as  to  be  used  from  beneath  the 

ng.ia6. 


Stevens's  JUtiseope. 

deck  ;  two  of  these  may  be  so  situated  as  to  form  a 
base  of  sufficient  length  to  obtain,  by  simultaneous 
observation,  the  distance  by  triangulation.  Two 
screw-propellers,  working  in  contrary  directions, 
rotate  the  vessel  so  as  to  bring  the  guns  to  bear  on 
the  required  point. 

The  upper  and  lower  limbs  of  the  telescopic  tube 
are  parallel ;  the  one  above  deck  is  presented  towards 
the  object,  the  other  to  the  eye.  The  image  of  the 
object,  after  being  twice  reflected,  reaches  the  eye 
of  the  observer,  ^vhose  person  is  not  exposed. 

A  portable  altiscope,  adapted  to  enable  a  person 
to  look  over  the  heads  of  a  crowd,  is  formed  of  a 
hollow  cane  with  perforations  near  its  respective 
ends,  opposite  two  reflectors  arranged  at  ancles  of 
45**  in  tne  cane.  The  cane  being  held  vertically,  and 
the  upper  orifice  presented  towards  the  object  to  be 
viewed,  —  a  speaker,  for  instance,  —  the  image  is  re- 
ceived upon  one  mirror  and  passes  down  the  cane  to 
the  other,  where  it  is  observed  by  the  person.  Slides 
cover  the  openings  when  not  used  for  observations, 
and  the  cane  has  then  an  ordinary  appearance. 

Al'tl-tadeln%tru-ment8.  Theodolites,  sextants, 
transit  instruments,  and  many  others  having  spe- 
cific names,  are  used  for  taking  altitudes,  wliile  some 

TABLE  OP  THE  TISIBLE  DISTANCE  OF  OBJECTS   IN 
STATUTE   MILES. 


u 

30 
35 
40 
45 
60 
55 

eo 

70 
80 
90 
100 


d 

a 

II 

il 

ft 

a 

7.18 

150 

7.76 

200 

8.8 

300 

8.8 

400 

9.87 

500 

9  72 

1000 

10.14 

2000 

10.97 

8000 

1172 

4000 

12.43 

6000 

13.1 

Imile. 

16.05 

18.54 

22.7 

26.2 

29.3 

41.45 

58  61 

71.79 

829 

92.68 

96.28 


*  For  a  Btatate  mile  the  eurrature  »  6.99  inches. 


of  them  have  also  adjustments  in  azimuth.  These 
are  treated  specially  imder  the  above  and  other 
titles,  and  are  also  referred  to  under  Astronomi- 
cal Instruments. 

The  altitude  and  azimuth  circle  is  used  for  meas- 
uring the  altitudes  and  azimuths  of  stars,  as  its 

name    implies, 
and    is     com- 
posed   of   two 
graduated   cir- 
cles, one  verti- 
cal and  the  oth- 
er horizontal. 
It  is  thus  of 
r  general    appli- 
cation, 
o      Jean  Picard, 
the         great 
f  French  astron- 
omer, 1620- 
1684,  is  said  to 
have  been  the 
first   to    apply 
the  telescope  in 
the      measure- 
ments of  angles. 
Al-tom'e- 
ter.     A  name 
for  the  theodo- 
lite, which  see. 
Al'to-rili-e'vo.    The  high  relief  of  a  sculptured 
object  from  the  plane  surface  to  which  it  is  attached. 
The  degrees  of   prominence  of   the  object    are 
indicated  by  the  terms  :  — 

AltOf  or  high^eliefj  when  the  object  projects 
more  than  half  its  thickness,  frequently  being 
attached  at  a  few  places  to  the  plane  surface. 

Mezzo,  or  demi-rcliefj  less  prominent,  say  one 
half  the  thickness  or  a  little  less  than  half. 

Basso,  or  low-relief,  a  slight  prominence,  as  in 
medals  and  coins. 

Al'u-del.  A  pear-shaped  receiver,  used  in  the 
Spanish  furnaces  for  subliming  mercury. 

The  aludels  are  fitted  together  longitudinally  in  a 
row,  the  neck  of  one  fitting  into  the  bulb  of  another, 
being  luted  together  at  the  joints  with  softened 

Fig.  187. 


AJudd, 

loam.  The  mercury  condenses  in  the  aludels,  and 
gradually  works  its  way  to  the  lower  one  of  the 
series,  which  is  tapped  to  allow  the  metal  to  flow  off. 

The  aludel  furnace  has  a  vaulted  chamber  above 
the  fuel  chamber,  and  in  the  former  the  blocks  of 
cinnabar  are  built  up.  The  fumes  of  the  metal 
pass  into  a  number  of  strings  of  aludels,  and,  being 
condensed,  are  received  in  a  common  duct  which 
leads  to  St  reservoir. 

Al'u-min'i-tiin.  Equivalent,  13.7  ;  symbol,  Al.; 
specific  gravity,  2.56  cast,  2.67  hammered ;  fus- 
ing-point,  1250"  Fah. 

Next  to  silica,  the  oxide  of  aluminium  (alumina) 
forms,  in  combination,  the  most  abundant  constitu- 
ent of  the  crust  of  the  earth  (hydrated  silicate  of 
alumina,  clay). 

Common  alum  is  sulphate  of  alumina  combined 
with  another  sulphate,  as  potash,  soda,  etc.  It  is 
much  used  as  a  mordant  in  dyeing  and  calico-print- 
ing, also  in  tanning. 

Aluminium  is  a  shining,  white,  sonorous  metal. 
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haying  a  shade  between  silver  and  platinum.  It  is 
a  very  light  metal,  being  lighter  than  glass,  and 
only  one  fourth  as  heavy  as  silver  of  the  same 
bulk.  It  is  very  malleable  and  ductile  ;  does  not 
oxidize  when  exposed  to  moist  or  dry  air,  is  not 
chemically  affected  by  hot  or  cold  water.  Sulphu- 
reted  hydrogen  gas,  which  so  readily  tarnishes  silver, 
forming  a  black  film  on  the  surface,  has  no  action 
upon  this  metal. 

Alimiinium  is  of  great  value  in  mechanical  den- 
tistry, as,  in  addition  to  its  lightness  and  strength, 
it  is  not  affected  by  the  presence  of  sulphur  in  the 
food,  —  as  by  eggs,  for  instance. 

Dr.  Fowler,  of  Yarmouthport,  Mass.,  obtained 
patents  for  its  combination  with  vulcanite  as  ap- 
plied to  dentistry  and  other  uses,  February  7  and  14, 
1865.  It  resists  sulphur  in  the  process  of  vulcani- 
zation in  a  manner  which  renders  it  an  efficient  and 
economical  substitute  for  platinum  or  gold. 

Aluminium  is  derived  from  the  oxide,  alumina, 
which  is  the  principal  constituent  of  conmion  clay. 
Lavoisier,  a  celebrated  French  chemist,  first  sug- 
gested the  existence  of  the  metallic  bases  of  the 
earths  and  alkalies,  which  fact  was  demonstrated 
twenty  years  thereafter  by  Sir  Humphry  Davy, 
by  eliminating  potassium  and  sodium  from  their 
combinations ;  and  afterwards  by  the  discovery  of 
the  metallic  bases  of  barytes,  strontium,  and  lime. 
The  earth  alumina  resisting  the  action  of  the  vol- 
taic pile,  and  the  other  agents  then  used  to  induce 
decomposition,  twenty  j'^ears  more  passed  before  the 
ehloruU  was  obtained  by  Oerstadt  by  subjecting 
alumina  to  the  action  of  potassium  in  a  crucible 
heated  over  a  spirit-lamp.  The  discovery  of  alumin- 
ium was  at  last  made  by  Wohler  in  1827,  who 
succeeded  in  1846  in  obtaining  minute  globules  or 
beads  of  this  metal  by  heating  a  mixture  of  chloride 
of  alumina  and  sodium.  Deville  afterwards  con- 
ducted some  experiments  in  obtaining  this  metal  at 
the  expense  of  Napoleon  III.,  who  subscribed 
£1,500,  and  was  rewarded  by  the  presentation  of 
two  bars  of  aluminium.  The  process  of  manufacture 
was  afterwards  so  simplified  that  in  1857  its  price 
at  Paris  was  about  two  dollars  an  ounce.  It  .was  at 
first  manufactured  from  common  clay,  which  contains 
about  one  fourth  its  weight  of  aluminium,  but  in  1855 
Rose  announced  to  the  scientific  world  that  it  could 
be  obtained  from  a  material  called  **  cryolite,"  found 
in  Greenland  in  large  quantities,  imported  into  Ger- 
many under  the  name  of  "minteral  soda,"  and  used 
as  a  washing-soda,  and  in  the  manufacture  of  soap. 
It  consists  of  a  double  fluoride  of  aluminium  and 
sodium,  and  only  requires  to  be  mixed  with  an 
excess  of  sodium,  and  heated,  when  the  mineral 
aluminium  at  once  separates.  Its  cost  of  manufac- 
ture is  given  in  the  following  estimate:  for  one 
pound  01  metal, 

16  lbs.  of  cryolite  at  8  cts  per  pound  .  .  $1.28 
2i  lbs.  metallic  sodium  at  about  26  cts  per  lb.  .  70 
Flux  and  cost  of  reduction  .         .         .2.02 

$4.00 

Aluminium  is  used  largely  in  the  manufacture  of 
cheap  jewelry,  by  making  a  hard,  gold-colored 
alloy  with  copper,  called  aluminium  bronze,  con- 
sisting of  90  per  cent  of  copper  and  10  per  cent  of 
aluminium.  Like  iron,  it  does  not  amalgamate 
directly  with  mercury,  nor  is  it  readily  alloyed  with 
lead,  but  many  alloys  with  other  metals,  as  copper, 
iron,  gold,  etc.,  have  been  made  with  it  and  found 
to  be  valuable  combinations.  One  part  of  it  to  one 
hundred  parts  of  gold  gives  a  hard  malleable  alloy 
of  a  greenish-gold  color,  and  an  alloy  of  f  iron  and 


^  aluminium  does  not  oxidize  when  exposed  to  a 
moist  atmosphere.  It  has  also  been  used  to  form  a 
metallic  coating  upon  other  metals,  as  copper,  brass, 
and  German  silver,  by  the  electro-galvanic  process. 
Copper  has  also  been  deposited,  by  the  same  process, 
upon  aluminium  plates  to  facilitate  their  being 
rolled  very  thin ;  for  unless  the  metal  be  pure,  it 
requires  to  be  annealed  at  each  passage  through  the 
rolls,  and  it  is  found  that  its  flexibility  is  greatly 
increased  by  rolling.  To  avoid  the  bluish-white 
appearance,  like  zinc.  Dr.  Stevenson  McAdam  rec- 
ommends immersing  the  article  made  from  alumin- 
ium in  a  heated  solution  of  potash,  which  will  give  a 
beautiful  white  frosled  appearance,  like  that  of 
frosted  silver. 

F.  W.  Gerhard  obtained  a  patent  in  1856,  in 
England,  for  an  "improved  means  of  obtaining 
aluminium  metal,  and  tne  adaptation  thereof  to  the 
manufacture  of  certain  useful  articles."  Powdered 
fluoride  of  aluminium  is  placed  alone  or  in  combina- 
tion with  other  fluorides  in  a  closed  furnace,  heated 
to  a  red  heat,  and  exposed  to  the  action  of  hydrc)gen 
gas,  which  is  used  as  a  reagent  in  the  place  of 
sodimn.  A  reverberatory  furnace  is  used  by  prefer- 
ence. The  fluoride  of  aluminium  is  placed  in  shal- 
low trays  or  dishes,  each  dish  being  surrounded 
by  clean  iron  filings  placed  in  suitable  receptacles  ; 
dry  hydrogen  gas  is  forced  in,  and  suitable  entry 
and  exit  pipes  and  stop-cocks  are  provided.  The 
hydrogen  gas,  combining  with  the  fluoride,  **  forms 
hydro-fluoric  acid,  which  is  taken  up  by  the  iron 
and  is  thereby  converted  into  fluoride  of  iron." 
The  resulting  aluminium  "remains  in  a  metallic 
state  in  the  bottom  of  the  trays  containing  the 
fluoride,"  and  may  be  used  for  a  variety  of  manu- 
facturing and  ornamental  purposes. 

The  most  important  alloy  of  aluminium  is  com' 
posed  of 

Aluminium        .        .         10 
Copper .         .        .         .90 

It  possesses  a  pale  gold  color,  a  hardness  surpass- 
ing  that  of  bronze,  and  is  susceptible  of  taking  a  fine 
polish.  This  alloy  has  found  a  ready  market,  and, 
if  less  costly,  would  replace  red  and  yellow  brass. 
Its  hardness  and  tenacity  render  it  peculiarly 
adapted  for  journals  and  bearings.  Its  tensile 
strength  is  100,000  lbs.,  and  when  drawn  into  wire 
128,000  lbs.,  and  its  elasticity  one  half  that  of 
wrought-iron. 

General  Morin  believes  this  alloy  to  be  a  per- 
fect chemical  combination,  as  it  exhibits,  unlike  the 
gun-metal,  a  most  complete  homogeneousness,  its 
preparation  being  also  attended  by  a  great  develop- 
ment of  heat,  not  seen  in  the  manufacture  of  moist 
other  alloys.  The  s^iecific  gravity  of  this  bronze  is 
7.7.  It  IS  malleable  and  ductile,  may  be  foi^ged 
cold  as  well  as  hot,  but  is  not  susceptible  to  roll- 
ing ;  it  may,  however,  be  drawn  into  tubes.  It  is 
extremely  tough  and  fibrous. 

Aluminium  bronze,  when  exposed  to  the  air,  tar- 
nishes less  quickly  than  either  silver,  brass,  or  com- 
mon bronze  ;  and  less,  of  course,  than  iron  or  steel. 
The  contact  of  fatty  matters  or  the  juice  of  fruits  does 
not  resnlt  in  the  production  of  any  soluble  metallic 
salt,  an  immunity  which  highly  recommends  it  for 
various  articles  for  table  use. 

The  uses  to  which  aluminium  bronze  is  applicable 
are  various.  Spoons,  forks,  knives,  candlesticks, 
locks,  knobs,  door-handles,  window  -  fastenings, 
harness-trimmings,  and  pistols  are  made  from  it; 
also  objects  of  art,,  such  as  busts,  statuettes,  vases, 
and  groups.  In  France,  aluminium  bronze  is  used 
for  the  eagles  on  military  standards,  for  armor,  for  the 
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works  of  watches,  as  also  watch-chains  and  orna- 
ments. For  certain  parts,  such  as  journals  of  en- 
dues, lathe-head  boxes,  pinions,  and  running  gear, 
it  has  proved  itself  supenor  to  all  other  metals. 

Uulot,  director  of  the  Imperial  postage-stamp 
manufactory  in  Paris,  uses  it  in  the  construction  of 
a  punching-machine.  It  is  well  known  that  the 
best  edges  of  tempered  steel  become  very  quickly 
blunted  by  paper.  This  is  even  more  the  case  when 
the  paper  is  coated  with  a  solution  of  gum-arabic 
and  then  dried,  as  in  the  instance  of  postal-stamp 
sheets.  The  sheets  are  punched  by  a  machine  the 
upper  part  (head)  of  which  moves  vertically  and  is 
armed  with  300  needles  of  tempered  steel,  sharp- 
ened in  a  right  angle.  At  every  blow  of  the 
machine,  thoy  pass  through  holes  in  the  lower,  fixed 

J)iece  which  correspond  with  the  needles,  and  per- 
orate five  sheets  at  evenr  blow.  Hulot  now  sub- 
stitutes this  piece  by  aluminium  bronze.  Each 
machine  makes  daily  120,000  blows  or  180,000,000 
perforations,  and  it  has  been  found  that  a  cushion 
of  the  aluminiimi  alloy  was  unaffected  after  some 
months*  use,  while  one  of  brass  is  useless  after  one 
day's  work. 

ALUMINIUM   ALLOYS. 


Gold-oolorod  malleable 

Alloy    . 
ParisiMi  gold -colored 

Alloy    . 
White  malleable  Alloy 
Hard  Bronze    . 
Non-oxidlxable  Alloy 
Hard,  bright  (likesil- 

Yer)  Alloy 
Baur's  Patent,  Oct.  27, 

1868      .        . 
Minargent    . 


Farmer's  Patent,  Sept. 
6, 1864 . 
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Farmer's  aluminium  alloys,  patent  April  28, 
1863.  Copper  is  the  first  element,  aluminium  the 
second  ;  the  other  light-colored  metals  are  added 
singly  or  collectively,  as  by  the  following  formulas, 
in  which  the  proportions  of  atoms  are  stated.  (See 
article  Metals,  for  table  of  the  chemical  equivalents 
of  the  metals. 


Ag.,  Argentum, — Silver. 
Cu. ,  Cuprum f  —  Copper. 
Fe.,  Ferruriiy — Iron. 


Al.,  AluminiuTn, 
Ni.,  Nkkd. 
Zu.f  Zinc. 


The  four  following  formulas  produce  alloys  which, 
from  their  color  and  fineness  of  texture,  nearly  re- 
semble gold,  whence  they  are  termed  chrysoid,  being 
adapted  for  use  in  the  manufacture  of  watch-cases, 
chams,  and  ornamental  jewelry  :  — 

Cu.  Al.  Ag. 
Ag.+ 24  (Al.j  +  Cu.^)  =  .91 80 +  .0616 +  .0203 
Ag. +24  (Al.i  +  Cu.^)  =  . 9241 +.0570 +  .0188 
Ag. +24  (Al.,  +  Cu..)  =.9330 +  .0504 +  .0166 
Ag.  +  24  (Al.i  +  Cu..)«  .9400 +  .0450 +  .0150 

The  three  following  formulas  produce  alloys  for 
journal-boxes,  etc.  for  machinery  :  — 

Cn.  Al.  Zn. 

Zn. +2  (Al.,  +  Cu.«>  =  . 8643  +  . 0622  +  . 0734 
Zn. +2  (AL,  +  Cu.,)==. 9053 +  .0435 +  .0512 
Zn.  +  2  (AL,  +  Cu.„)  =  .9273  +  .0333  +  .0894 


These  alloys  are  hard  and  tenacious,  but  are  char- 
acterized by  considerable  shrinkage  in  cooling  from 
a  molten  state,  the  last-mentioned  alloy  having 
considerably  more  shrinkage  than  either  of  the  oth- 
ers preceding  it.  The  said  alloys  have,  when  drawn 
into  wires  of  about  one  thirtieth  of  an  inch  in 
diameter,  a  tensile  strength  to  the  square  inch  of 
section  xn.  the  preceding  order  of  aoout  90,000, 
103,000,  and  84,000  lbs. 

The  following  alloys  are  adapted  for  gun-metal, 
being  hard,  tenacious,  laminable,  and  ductile. 
Cn.        Al.  Pe. 

Fe.,  +(Al.i  +  Cu.„)  =  .9203 +  .0267 +  .0530 
Fe.,  +  (A1.,  +  Cu.^)  =  . 9399  +  . 0446  +  . 0149 

Cn.         Al.  Zn.         Fe. 

Fe.,  -h  Zn.,  4-  (Al.,  +  Cu-,)  =  .8386  4-  .0302  4-  .0712  4-  .0600 
Fe.,  -f  Zn.,  -J-  (Al.,  -|-  Cu.„)  =  .8666  -f  -0249  -f  .0588  -j-  -0496 

The  tensile  strength  of  the  above  alloys  when 
reduced  to  wire,  as  above  referred  to,  is  for  the 
sauare  inch  of  section  about  82,000  lbs.  for  the  first 
of  the  last  series  of  formulas,  84,500  lbs.  for  the  sec- 
ond, and  107,700  lbs.  for  the  last. 

Where  zinc  or  tin,  or  both,  enter  into  the  alloys 
in  place  of  silver,  the  color  of  the  resultant  alloys  is 
somewhat  afiected,  and  the  luster  is  diminished. 

In  the  following  allocs  nickel  forms  the  third 
element  of  the  combination  of  the  first  formula  and 
platinum  the  third  element  of  the  combination  of 
the  second  formula. 

Cn.  Al.  Ni. 

Ni.  1+6    (Al.,  +  Cu. J  =  .9129 +  .0634 +  .0237. 

Cu.  Al.  PL 

PI.  1+21  (Al.,  +  Cu.g)  =  . 9117 +  .0656 +  .0225. 

Those  alloys  into  which  platinum  is  introduced  are 
less  affected  by  acids  than  those  in  which  silver 
takes  the  place  of  platinum  ;  either  the  platinum  or 
the  silver  gives  a  nigh  luster  to  the  alloy,  platinum 
producing  this  result  in  a  greater  degree  than  silver. 

In  those  alloys  in  which  are  introduced  iron  or 
other  li^ht-colored  metals,  which  are  difficult  of 
fusion,  it  is  preferable  to  bring  the  easily  fused 
metals  into  a  molten  state,  and  then  to  mix  those 
less  fusible  with  them  in  the  form  of  shreds,  parti- 
cles, fine  wire,  or  thin  plates. 

Aluminium  and  its  alloys  are  combined  with  vul- 
canite in  the  patents  of  Fowler,  February  7  and 
14,  1865. 

According  to  some  analyses,  wootz  (Eiast  Indian 
steel)  is  alloyed  with  aluminium. 

Lancaster's  (1858,  England)  gun-metal :  copper, 
90  ;  aluminium,  100. 

Al'tun  Leatli'er.  Leather  tanned  by  a  compo- 
sition of  alum  and  salt.  Three  pounds  of  salt  and 
four  of  alum  are  used  to  one  hundred  and  twenty 
middle-sized  skins,  which  are  placed  in  a  tumbling- 
box  with  a  sufficient  quantity  of  water.  The  process, 
vfiih.  the  succeeding  operations,  is  described  under 
Tawino,  which  see. 

Alum  was  used  as  a  tanning  agent  by  the  Sara- 
cens. 

Al've-o-lar  For'ceps.  A  cutting-forceps  or  nip- 
pers for  gnawing  away  protruding  portions  of  the  al- 
veolar rid^e,  to  get  a  better  base  for  a  denture,  or  to 
remove  points  which  prevent  the  healing  of  the  ^ms. 

Am'a-a'sa.    Pieces  of  glass  used  in  enameling. 

A-mal'gams.  An  amalgam  is  a  compound  of 
mercury  with  another  metal  or  metals.  It  differs 
from  an  alloy  in  possessing  merburj'  as  a  constitu- 
ent. Compounds  of  other  metals,  with  no  mercury 
included,  are  alloys,  whatever  may  be  their  com- 
parative quantities  or  complications.  Mercury,  does 
not  combine  with  all  other  metals,  but  unites  with 
notable  readiness  with  gold,  silver,  copper,  zinc,  tin, 
lead,  palladium,  and  bismuth.    It  is  the  great  means 
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of  selecting  and  aggregating  by  absorption  particles 
of  gold  and  silver  which  are  set  free  by  tne  com- 
minution of  their  matrix,  but  are  so  distributed  in 
the  powder  as  to  rei^uire  a  congregating  agent.  The 
quartz  rock  having  been  pound^  or  ground  so  as 
to  reduce  it  to  powder,  loosening  the  firm  bond  of 
the  rock  upon  the  particles  of  metal  distributed 
through  it,  the  mercury  is  well  mixed  with  the  dust, 
water  being  added  to  form  a  pulp.  The  mercury 
insinuates  itself  throughout  the  mass,  and  absorl^ 
the  precious  metals  therein.  Being  removed  from 
the  sand  and  dust  of  the  rock,  the  quicksilver  is  set 
free  by  sublimation,  leaving  the  non-vaporizable 
metals  in  the  retort.  The  quicksilver  fumes  are 
gathered  and  condensed  for  re-use. 

Pliny  says,  **  The  most  convenient  mode  of  gilding 
copper  is  to  employ  mercury,  which  is  applied  in  the 
form  of  an  amalgam  to  the  copper,  to  enable  it  to 
retain  the  gold  leaf  when  laid  thereon."  They  also 
understood  the  art  of  obtaining  mercury  by  subli- 
mation of  cinnabar,  or  by  stamping  and  application 
of  vinegar.  In  the  process  by  destructive  distilla- 
tion, the  cinnabar  was  placed  in  a  flat  earthen  pan 
covered  with  a  lid  and  then  enclosed  in  an  iron  pot 
luted  with  clay.  Heat  being  applied,  the  fumes  were 
condensed  and  collected  in  globules  on  the  li^. 

In  some  cases  the  quicksilver  is  presented  in  the 
form  of  vapors  which  condense  and  unite  with  the 
metals  to  form  au  amalgam. 

Auriferous  sands  are  subjected  to  the  same  pro- 
cess of  amalgamation  by  bringing  them  in  contact 
with  a  body  of  mercury.  The  mechanical  processes 
are  described  under  Amalgamators,  which  see. 

The  application  of  an  amalgam  of  sodium  and 
mercury  m  extracting  precious  metals  was  invented 
by  Wurtz  of  New  York,  and  patented  in  the  United 
States,  June  27,  1866.  Crookes,  of  England,  subse- 
quently to  the  date  of  Wurtz's  application  for 
United  States  patent,  made  application  for  a  patent 
in  England  for  the  same  invention. 

The  extraction  of  the  precious  metals  by  amal- 
gamation has  hitherto  been  much  impeded  and  its 
cost  increased  by  the  presence  in  the  ores  of  com- 
pounds of  sulphur,  arsenic,  antimony,  bismuth,  or 
tellurium,  which,  by  covering  the  gold  with  a  thin 
film  of  tarnish,  prevent  its  entering  into  combina- 
tion with  the  mercury.  The  use  of  sodium  amal- 
gam, under  these  circumstances,  is  to  prevent  the 
**  sickening  "  and  **  flouring  '*  of  mercury  which  the 
presence  of  these  compounds,  and  especially  of  sul- 
phate of  iron,  is  so  apt  to  produce. 

The  official  statement  of  Wurtz's  invention  is  as 
follows :  This  invention  consists  in  adding  to  quick- 
silver, to  be  used  in  the  amalgamation  of  gold,  silver, 
ete.,  a  small  quantity  of  an  amalgam  of  mercury 
and  sodium,  or  other  equivalent  metal,  as  potas- 
sium ;  by  this  addition  the  mercury  more  readily 
attacks  the  precious  metals.  Mercury  treated'  in 
this  way  will  also  form  a  mercurial  film  or  coat- 
ing on  iron  or  steel,  so  as  to  form  amalgamated 
surfaces,  to  take  the  place  of  the  usual  copper  plates. 
The  mercury  so  treated  is  less  liable  to  **  flour:" 

Claim.  —  First,  the  combination  with  quick- 
silver, when  used  for  the  extraction  by  amalgama- 
tion of  metals  from  their  ores  or  their  mixtures  with 
other  materials,  of  metallic  sodium  or  metallic  potas- 
sium, or  any  other  highly  electro-positive  metal 
equivalent  in  its  action  thereto,  as  above  set  forth. 

Second,  in  those  amalgamations  in  which  amalga- 
mated plates  of  copper  or  other  metal  are  used,  the 
substitution  for  the  plates  of  copper  or  other  metal  ol 
iron  coated  with  quicksilver  combined  with  sodium  or 
other  highly  eleetro-positive  metal,  as  above  set  forth. 

Third,  the  coating  of  iron,  steel,  or  other  metallic 


surfaces  between  or  under  which  ores  or  other  mate- 
rials are  crushed,  with  quicksilver  combined  with 
sodium  or  other  highly  electro-positive  metal,  as 
above  set  forth. 

Fourth,  the  prevention  of  the  granulation  or 
flouring  of  quicksilver  when  used  in  any  method  of 
amalgamating  ores  or  other  materials  by  addition 
thereto  of  sodium  or  other  highly  electro-positive 
metal,  as  above  set  forth. 

The  valuable  work  of  Phillips  on  mining  gives 
the  compendium  following  :  A  quantity  of  sodium 
amalgam  dissolved  in  a  hundred  times  or  more  its 
weight  of  quicksilver  is  said  to  communicate  to  the 
whole  a  greatly  enhanced  power  of  adhering  to 
metals,  and  particularly  to  those  which,  like  gold 
and  silver,  are  situated  toward  the  native  extrem- 
ity of  the  electro-chemical  scale.  This  power  of 
adhesion  in  the  case  of  the  two  metals  is  so  great 
that  the  resistance  which  their  surfaces,  when  in 
their  native  state,  often  oppose  to  amalgamation  (a 
resistance  much  greater,  ana  more  general  than  has 
been  hitherto  recognized,  and  due  to  causes  as  yet 
uninvestigated)  is  instantly  overcome,  whether  their 
particles  be  coarse  or  impalpable.  Even  an  arti- 
ficial coating  of  oil  or  grease,  which  is  usually  such 
an  enemy  to  the  combination  of  mercury  with  other 
metals,  forms  no  obstacle  to  immediate  amalgama- 
tion by  this  prepared  quicksilver.  The  atoms  of 
quicksilver  are,  as  it  is  described,  put  into  a  sort  of 
polaric  condition  by  a  minute  addition  of  one  of 
the  metals  which  range  themselves  toward  the 
electro-positive  end  of  the  scale  ;  so  that  its  afliinity 
for  the  m^re  electro-negative  metals  is  stated  to  be 
so  greatly  exalted  that  it  seizes  upon  and  is  instan- 
taneously absorbed  by  their  surfaces,  just  aa  water 
is  absorbed  by  a  lump  of  sugar,  or  other  porous  sub- 
stance soluble  in  it. 

Such  quicksilver  even  adheres  strongly  to  surfaces 
of  iron,  steel,  platinum,  aluminium,  and  antimony ; 
an  adhesion  which,  however,  in  the  case  of  these 
metals,  is  not  a  true  amalgamation,  there  being  no 
penetration  into  the  sul)8tance  of  the  metal ;  so  that 
the  superficially  adherent  quicksilver  may  be  readily 
wiped  off",  just  as  water  may  be  removed  from  glass. 
The  only  metal  as  yet  experimented  on,  which  can- 
not be  enfilmed  by  the  use  of  sodium  amalgam^ 
appears  to  be  magnesium. 

Application  of  Sodium  Amalgam  to  Working  Onr 
of  the  Precious  Metals. 

This  consists  in  adding  from  time  to  time,  to  the 
quicksilver  used  in  amal^mation,  about  one  hun- 
dredth part  of  its  weight  of  sodium  amalgam.  The 
frequency  with  which  the  amalgam  is  to  be  added 
cannot  be  exactly  specified,  as  it  will  be  found  to 
•depend  on  a  multitude  of  circumstances,  —  such,  for 
instance,  as  the.  temperature,  the  purity  and  quan- 
tity of  the  water  used,  the  ratio  borne  by  the  sur- 
face of  the  quicksilver  to  its  mass,  the  amount  and 
mode  of  agitation  of  the  quicksilver,  the  nature  of 
the  process  and  apparatus  used,  the  character  of  the 
ore,  strength  of  the  amalgam,  etc.  ;  so  that  this 
important  point  can  only  be  determined  in  each 
case  by  experience.  Some  general  indications  may, 
however,  be  derived  from  the  experiments  which 
have  been  made.  It  is  said  that  less  sodium  ia 
requisite  in  cases  in  which  much  water  is  employed, 
and  when  the  water  is  frequently  renewed,  —  as,  for 
instance,  in  the  riffles  of  a  sluice,  and  in  all  forms 
of  amalgamators  through  which  a  continual  current 
of  water  is  kept  running,  —  since  mercurial  solutions 
of  sodium  are  but  little  aflected  by  water  free  from 
acid,  alkaline,  or  saline  impuritie-s. 

In  cases,  however,  in  which  but  little  water  is 


Digitized  by 


Google 


AMALGAMS. 


73 


AMALGAMS. 


employed,  and  especially  where  the  ore  and  quick- 
silver are  ground  together  into  a  slime,  the  water 
soon  becomes  alkaline,  and  oxidation  of  the  sodium 
sets  in,  necessitating  its  frequent  renewal. 

In  such  cases  the  following  manipulation  is  rec- 
ommended. The  whole  amount  of  cjuicksilver  to 
be  used  for  working  up  a  batch  of  slimes,  say  fifty 
pounds,  is  prepared  by  dissolving  in  it  one  per  cent 
of  amalcam  No.  2,  or  better,  two  per. cent  of  the 
soft  amsdgam  No.  1,  which  dissolves  more  readily  ; 
one  half,  or  twenty-five  pounds,  is  then  thrown  into 
the  mill  with  the  ore,  and,  as  the  incorporation  pro- 
ceeds, certain  fractional  parts  of  the  other  half  are 
added  at  intervals,  varying  according  to  circum- 
stances, until  the  whole  has  been  introduced.  If, 
as  is  usual,  the  quicksilver  has  been  separated  from 
the  slimes  of  a  previous  operation,  it  will  retain  a 
certain  amount  of  sodium,  and  therefore  require 
fresh  amalgam  in  proportionately  smaller  quantities. 

No.  1  amalgam  contains  two  per  cent  and  No. 
2  four  per  cent  of  sodium ;  the  latter  is  a  hard, 
brittle  solid,  remarkably  infusible,  requiring  a  tem- 
perature nearly  as  high  as  the  fiisin^-point  of  type- 
metal  to  melt  it,  and  may  be  cast  into  ingots,  and 
packed  either  under  petroleum,  or  in  air-tight  iron 
cans  filled  with  dry  lime. 

In  sluicing  operations,  the  soft  amalgam  No.  1  is, 
on  account  of  its  ready  solubility  in  mercury,  most 
recommended ;  and  in  these  cases  it  is  practicable 
to  test  the  quicksilver  in  the  riffles,  ana  ascertain 
when  the  magnetic  quality  requires  restoration,  by 
throwing  in  a  few  grains  of  gold-dust.  Similar 
tests  are  easily  applied  to  slimes,  and  in  amalga- 
mating generedly,  a  slip  of  tarnished  sheet-copper 
is  a  suitable  agent  for  such  testings.  It  may  be 
remarked  that  the  amalgam  No.  1  is  at  any  time 
easily  prepared  from  No.  2,  by  melting  it  in  an 
iron  ladle  with  its  own  weight  of  quiclSilver.  In 
copper-plate  amalgamation  —  that  is,  in  cases  in 
which  auriferous  materials  are  brought  into  contact 
with  amalgamated  metallic  surfaces  —  it  is  recom- 
mended to  substitute  for  quicksilver  itself  the  pasty 
amalgam  No.  2. 

In  these  modes  of  amalgamation  great  economy 
in  wear  and  tear  of  apparatus,  as  well  as  in  first 
cost,  is  said  to  be  effected  by  using  plates  or  sur- 
faces of  iron  instead  of  copper.  The  power  of  coat- 
ing or  enfilming  iron  is  stated  to  render  these  amal- 
gams peculiarly  valuable  in  every  form  of  apparatus 
'  for  amalgamation  which  has  internal  surfaces  of 
iron ;  for  these,  becoming  coated  with  quicksilver, 
immensely  extend  its  chances  of  contact  with  parti- 
cles of  gold,  so  fine  as  to  remain  suspended  in  the 
water.  Other  important  services  are  expected  by 
the  inventors  to  arise  out  of  this  power  of  enfilming 
'  iron,  such  as  keeping  the  surfaces  of  stamps  and 
of  other  apparatus  med  in  crushing  ores  continu- 
ally coated.  In  like  manner,  as  the  power  of  adhe- 
sion of  quicksilver  to  other  metals  is  exalted  by  the 
presence  of  the  alkali-metals,  so  also  is  its  own 
cohesion  stated  to  be  greatly  increased.  -It  is 
rendered  more  difficult  to  mechanically  divide,  and 
when  thus  divided  again  runs  instantly  together 
upon  contact.  Hence  new  results  of  great  value 
are  said  to  have  been  obtained.  For  instance,  the 
so-called  ** flouring"  or  granulation  of  quicksilver, 
which  in  the  amalgamation  of  ores  always  occasions 
losses  both  of  the  quicksilver  itself  and  of  its  amal- 
gams with  the  precious  metals,  is  stated  to  be 
reduced  to  a  minimum,  or  altogether  prevented. 

The  recovery  of  "floured"  quicksilver  and  amal- 
gams from  slimes  and  similar  mixtures  is  also  said  to 
be  greatly  facilitated  and  accelerated  thereby.  For 
this  purpose  some  sodium  amalgam  is  thrown  into 


the  separator,  and .  collects  and  incorporates  all  the 
scattered  globules  of  auriferous  amalgam.  It  is 
here  necessary  to  call  attention  to  a  method  of 
manipulation  generally  applicable  when  sodium 
amalgams  are  used,  and  particularly  so  in  all  cases 
in  which  the  ore  is  ground  or  agitated  with  quick- 
silver in  contact  witli  metallic  iron.  This  arises 
from  the  liability  of  abraded  particles  of  iron  to 
adhere  to  the  amalgam. 

The  following  plan  is,  therefore,  in  such  cases 
recommended.  Th©  amalgam,  after  separation  from 
excess  of  quicksilver,  and  before^  retorting,  is  fused 
in  an  earthen  dish  or  iron  ladle,'  witji,  if  necessary, 
the  addition  of,  a  little  quicksilver  to  make  it  more 
liquid ;  and  the  iron,  which  forms  a  scum  on  the 
surface,  is  skimmed  off.  The  excess  of  quicksilver 
may,  after  cooling,  be  again  separated  from  the 
amalgam  in  the  usual  way.  Any  amalgam  which 
adheres  to  the  iron  scum  is  readily  detached  by 
boiling  in  water  to  remove  the  sodium.  This  pro- 
cess depends  on  the  fact  that  adhesion  to  the  iron 
totally  disappears  with  the  extraction  of  the  last 
traces  of  sodium  from  the  quicksilver.  It  is,  in 
fact,  possible  to  remove  all  iron  from  the  amalgam 
by  boiling  in  water  without  any  previous  fusion, 
particulany  if  the  water  be  made  somewhat  acid  or 
alkaline.  The  presence  of  iron  can  be  readily  de- 
tected by  the  magnet,  which  may  also  be  sometimes 
used  with  advantage  in  separating  iron  from  amal- 
gam after  all  the  sodium  h&a  been  extracted.  There 
are  still  other  substances  which  may  be  found  adhe- 
rent to  the  amalgam  when  sodium  has  been  used, 
such  as  platinum,  or  osmiridium,  or  both,  with  iron, 
and  these  may  be  freed  from  the  latter  by  the  magnet. 

The  sodium  amalgams  prepared  in  accordance 
with  the  recipes  of  Mr.  Crookes  are  known  respec- 
tively as  A f  if  and. (7  amalgams. 

Each  of  these  contains  three  per  cent  of  sodium, 
in  addition  to  which  B  ha^  a  small  quantity  of  zine 
in  its  composition,  and  C  a  little  tin.  An  amalgam 
(A),  of  seven  times  the  strength  of  the  above,  is 
prepared  in  solid  bars  for  shipment  when  the  ex- 
pense of  freight  or  land  carriage  is  great.  Amal- 
gams £  and  C  cannot  be  prepared  in  the  concen- 
trated form.  It  is  recommended  that  one  part  by 
weight  of  amalgam  ^  or  C  be  dissolved  in  thirty 
parts  of  the  mercury  which  is  to  be  used  In  the 
amalgamating,  triturating,  or  grinding  machines, 
and  the  effect  which  it  produces  on  uxe  mercury 
noted  from  time  to  time  during  the  operation.  If 
it  retain  its  fluidity  and  brightness  to  the  end  of 
the  operation,  it  is  a  sign  either  that  a  Sufficient 
amount  or  too  much  has  been  added,  and  a  second 
experiment  should  be  tried  with  a  less  quantity  of 
amalgam.  But  if  it  be  "floured,"  or  "sickened," 
or  any  loss  occur,  more  amalgam  may  be  added 
until  the  best  proportion  is  arrived  at. 

Mr.  Crookes  states  that  amalgam  B  will  generally 
be  found  effective,  but  if  the  ore  contain  an  excess 
of  any  mineral  which  has  a  deleterious  action  on  mer- 
cury, more  especially  if  it  contain  bismuth,  it  will  be 
advantageous  to  employ  amalgam  C  instead  of  B. 

When  the  best  proportion  of  amalgam  ^  or  C  is 
determined,  small  quantities  of  amalgam  A  should 
be  introduced  into  the  mercury,  already  containing 
amalgam  B  or  C,  in  the  proportion  of  one  part  of 
amalgam  A  to  one  thousand  of  mercury.  This 
quantity  of  amalgam  A  can  be  added  every  few 
hours,  according  to  circumstances,  but  one  charge 
of  amalgam  B  or  C  will,  it  is  stated,  usually  be  suf- 
ficient for  several  days.  Under  some  circumstances 
it  will  be  found  advisable  to  add  amalgam  B  or  C 
every  few  days,  but  a  little  experience  and  com- 
parison with  the  results  obtainea  by  the  old   plan 
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will  soon  show  how  these  several  agents  are  best 
utilized. 

The  process  of  extraction  of  the  precious  metals 
by  the  lead-bath  will  be  found  under  Lead-bath 
FOR  THE  Extraction  of  Gold  and  Silver. 

Other  processes  for  gathering  gold  (excepting 
Amalgamators,  which  see)  are  included  under  the 
general  title  Gold-washf.r. 

The  ore-crushers  are  described  under  Ore-stamps, 
etc. ;  Ore-grinding  Mills  ;  Arrastras. 

An  amalgam  of  mercury  and  tin  is  used  to  coat 
the  back  of  looking-glasses  and  glass  mirrors. 

This  amalgam  consists  of  mercury,  3  ;  tin,  1.  It 
is  formed  by  laying  a  sheet  of  tiurfoil  on  a  table, 
covering  it  with  mercury,  and  then,  by  a  sliding 
movement,  placing  the  sheet  of  glass  over  it. 

An  amalgam  of  gold  is  also  used  by  jewelers  to 
overlay  other  metals  by  a  fine  film  of  gold,  after 
which  the  mercury  is  dnven  off  by  heat. 

In  Mallet's  process  (English)  for  preserving  iron 
from  rust  and  ship's  sheathing  from  fouling,  the 
iron  is  dipped  in  an  amalgam  of  zinc,  sodium,  and 
mercury. 

The  process  is  as  follows  : — 

The  plates  are  cleansed  in  a  warm  solution  of 
equal  parts  of  acid  (sulphuric  or  hydrochloric)  and 
water.  The  scale  and  oxide  are  removed  from  the 
metal  by  scouring.  The  plate  is  then  placed  in  a 
prepaHng-hath  consisting  of  a  saturated  solution  of 
hydrochlorate  of  zinc  and  sulphate  of  ammonia.  It 
is  then  immersed  in  a  bath  formed  of 

Mercury  .         .         .         .         .         202 
Zinc 1,292 

To  each  2,240  pounds  of  which  amalgam  1  pound 
of  potassium  or  sodium  is  added. 

The  iron  is  speedily  heated,  and  is  withdrawn 
before  it  reaches  680*"  Fah.,  at  which  temperature 
it  would  be  soon  dissolved  by  the  alloy. 

A  similar  process,  so'far  as  the  manipulation  is 
concerned,  is  passed  through  in  the  paUadiumizing 
process,  in  wnich,  after  cleansing,  the  plates  are 
uumersed  in  a  fused  amalgatri  of  palladium  aud 
mercuiT. 

Amalgam  for  the  electrical  machine  :  — 

Zinc 2 

Tin 1 

Mercury 4 

Melted  in  the  order  named,  in  an  iron  spoon. 
Shake  the  fused  amalgam  till  cold,  triturate  in  a 
mortar ;  sift ;  rub  up  the  powder  with  lard,  and 
apply  with  a  palette-knife  to  the  rubber  of  the 
machine. 

Amalgam  for  silvering  the  insides  of  hollow  glass 
spheres :  — 

Mercury 3 

Lead 1 

Bismuth l 

A-mal'ga.ma'tiiig  Zinc  Plates.  Zinc  plates 
for  the  voltaic  batteir  are  amalgamated  with  mercury, 
so  that  no  action  of  the  sulphuric  acid  takes  place 
on  the  zinc  when  the  circuit  is  not  closed. 

To  amalgamate  the  plates,  they  are  first  pickled  in 
dilute  sulphuric  acid  (acid  1,  water  8)  in  a  stone- 
ware pan.  A  little  mercury,  being  poured  into  the 
pan,  IS  rubbed  on  both  sides  of  the  plate  by  means 
of  a  swab.  The  plate  is  washed  in  clean  water, 
placed  on  its  edge  to  drain,  again  rubbed  wilii 
mercury  and  drained. 

Another  method  is  to  clean  the  plates  with  emery, 
pickle,  and  wash.  Then  dip  the  clean  plates  in  a 
mixture  of  equal  parts  by  weight  of  bichloride  of 


mercury  (corrosive  sublimate)  and  acetate  of  lead. 
Rub  with  a  cloth,  and  they  are  ready  for  use. 

A-mal'ga-ma'tor.    It  appears  from  Pliny,  A.D. 
79,  that  the  ancients  were  acquainted  with  amal- 
gams, in  their  uses  for  separating  gold  and  silver' 
from  earthy  particles,  and  m  gilding. 

Pliny  says:  "Mercury  is  an  excellent  refiner  of 
gold,  for  on  being  shaken  in  an  earthen  vessel  with 
gold,  it  rejects  all  the  impurities  that  are  mixed 
with  it.  When  once  it  has  thus  expelled  these 
impurities,  there  is  nothing  to  do  but  to  separate  it 
from  the  gold  ;  to  effect  which  it  is  poured  upon 
leather,  and  exudes  through  it  in  a  sort  of  perspira- 
tion, leaving  the  pure  gold  behind.** 

Vitruvius  (B.  C.  27)  describes  the  manner  of 
recovering  gold  from  cloth  in  which  it  has  been 
interwoven.  The  cloth,  he  says,  is  to  be  put  in  an 
earthen  vessel,  and  placed  over  the  fire  in  order  that 
it  may  be  burnt.  The  ashes  are  thrown  into  water, 
and  quicksilver  added  to  them.  The  latter  unites 
with  the  particles  of  gold,  the  water  is  poured  off, 
and  the  residue  put  into  a  cloth,  which  being 
squeezed  with  the  hands,  the  quicksilver,  on  ac- 
count of  its  fluidity,  oozes  through  the  pores,  and 
the  gold  is  left  pure  in  a  compressed  mass.  It  is 
commonly  stated  that  the  ancients  did  not  under- 
stand the  art  of  recovering  mercury  by  retort  and 
receiver,  but  a  description  of  the  apparatus  by 
Pliny  (see  Amalgams)  contradicts  this.  It  does 
not,  however,  seem  to. have  been  much  practised. 

In  the  year  1582,  Herberer  described  the  washing 
of  gold  as  he  saw  it  practised  at  Selz,  not  far  from 
Strasburg,  and  at  that  time  quicksilver  had  long 
been  used  for  that  purpose. 

The  cinnabar  mines  of  Peru  were  discovered 
about  1566  by  Garces,  who  observed  the  Indians 
using  a  native  red  earth  for  paint.  It  does  not 
appear  to  have  come  into  general  use  in  the  silver- 
mines  of  Peru,  as  a  means  of  extracting  the  silver 
from  the  earthy  particles,  till  1571,  when  Pero 
Fernandas  de  Velasco  came  to  Peru  and  offered  to 
refine  the  silver  by  mercury,  as  he  had  seen  in  the 
smelting-houses  in  Mexico.  His  proposals  were  ac- 
cepted, the  old  methods  abandoned,  and  that  of  amal- 
gamation pursued  as  it  is  practised  at  present. 

In  1572,  Hawks  writes  that  **  an  owner  of  a  mine 
must  have  much  quicksilver,  and  as  for  this  charge 
of  quicksilver,  it  is  a  new  invention,  which  they  find 
more  profitable  than  to  fine  their  ore  with  lead." — 
HakluyVs  Voyages. 

The  number  of  patents  granted  in  the  United 
States  for  amalgamators  cannot  be  readily  stated,  as 
so  many  of  the  crushers,  grinders,  and  arrastras 
become  amalgamators  by  the  addition  of  mercury. 
To  state  the  whole  number  would  give  an  exag- 
gerated view,  as  many  of  them  are  merely  mechanical 
grinders  without  any  specific  adaptation  to  the  re- 
quirements of  the  mercurial  process.  The  number  of 
patents  for  amalgamators  in  the  United  States  may 
be  approximately  stated  at  two  hundred  and  sixty, 
January,  1872. 

With  the  exception  of  the  argentiferous  salena, 
silver  is  ^nerally  found  in  the  form  of  britue  sul- 
phides disseminated  through  the  gangue  or  vein 
stone.  These  particles,  in  the  operation  of  grinding 
or  stamping,  are  reduced  to  a  fine  powder,  which 
floats  off  in  water  in  the  process  of  concentration.  It 
becomes  necessary,  therefore,  to  apply  a  gathering 
agent  which  will  collect  them,  and  the  notable 
activity  of  quicksilver  in  entering  into  combination 
with  the  precious  metals  has  caused  its  selection  as 
the  desired  agent.  The  subject  is  specially  treated 
under  Amalgams,  and  the  mechanical  processes  and 
manipulation  are  the  subject  of  this  article. 
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The  processes  aod  machines  for  the  amalgamation 
of  silver  are  various,  and  are  :  — 

The  Patio  process.  The  Barrel  process. 

The  Hot  process.  The  Pan  process. 

The  Estula  process. 
These  will  be  separately  considered. 

Succeeding  the  description  of  the  pan  process,  a 
nimiber  of  examples  of  Gold  Amalgamators  are  inserted 
which  cannot  readily  be  classed  :  acting  by  grinding, 
stirring,  heat,  lixiviation,  panning,  sluices,  centru- 
ugal  action,  electric  action,  and  by  mercurial  fumes 
acting  on  a  falling  column  of  pulverized  ore. 

The  Patio  Process  has  long  been  in  use  in 
South  America,  and  is  now  employed  in  Mexico,  and 
now  or  lately  in  Nevada.  It  was  invented  by 
Medina  in  1557.  The  materials  necessary  for  the 
reduction  of  silver  by  this  process  are,  magistral, 
common  salt,  and  mercury.  The  magistral  is  made 
from  copper  pyrites  reduced  by  stamps  and  arrastras 
to  a  fine  powder.  This  is  exposed  to  the  air  for  some 
months  and  calcined  in  a  furnace,  a  little  salt  being 
added.  The  effect  is  the  production  of  a  soluble 
sulphate  of  copper. 

The  silver  ore  is  reduced  by  stamps  and  arrastras, 
or  by  the  more  modem  forms  of  ore-grinders,  to  a 
fine  powder  which  becomes  a  mud  by  the  addition 
of  water.  The  mud  or  "  slimes  "  is  then  removed 
from  the  arrastra  and  deposited  in  walled  receivers 
called  "lameros,"  where  it  parts  with  a  portion  of 
its  water  and  accumulates  till  it  becomes  sufficient 
to  form  a  **  torta."  It  is  then  spread  to  the  thick- 
ness of  about  a  foot,  and  after  drying  to  a  suitable 
consistence  receives  from  three  to  five  per  cent  of 
salt,  which  is  tramped  in  by  animals.  The  day 
after  the  incorporation  of  the  salt,  the  ma^tral  and 
mercury  are  added,  being  evenly  spread  over  the 
"torta,"  as  it  is  called,  to  the  extent  of  one  per 
cent  of  the  matter  in  the  heap.  The  proportion 
varies  according  to  the  richness  of  the  magistral  in 
the  sulphate  of  copper.  This  is  tramped  in,  and 
mercury  is  added  ;  tnree  and  one  half  to  four  pounds 
for  every  mark  of  silver  supposed  to  be  in  the  heap. 
(The  mark  is  eight  Spanish  ounces  of  443.8  gr.  each.) 
This  is  trodden  for  four  hours.  Chemical  action 
now  commences,  and  the  mass  is  carefully  sampled 
from  time  to  time  to  ascertain  its  condition  and  test 
the  sufficiency  of  the  proportion  of  magistral.  If 
too  little,  more  is  added  ;  if  too  much,  lime  is  added 
to  prevent  loss  of  mercury.  The  treading  of  the 
torta  every  alternate  day  expedites  the  action.  The 
mules  are  hitched   four  abreast  and  blindfolded, 

Fig.  188. 


Fig.  189. 


TKi  Patio  Proctst. 


being  guided  by  a  halter  held  by  a  man  standing  on 
the  central  platform. 

The  trea<ung  occupies  about  eight 
hours  on  each  occasion,  and  in  addi- 
tion the  mass  is  turned  over  twice 
a  week  with  wooden  shovels.  In- 
corporation by  a  mortar-mill  would 
probably  be  more  thoroughly  effec- 
tive with  a  given  amount  of  power. 

When  the  mercury  has  absorbed  all  \ 
the  silver,  the  mass  is  washed  by  agi- 
tation in  a  series  of  tanks  provided 
with  rapidly  revolving  stirrers.     The 
rate  of  motion  of  these  is  gradually 
reduced,  and  the  metallic  or  heavier 
particles  commence  to  sink.     As  soon 
as  a  test  shows  that  the  upper  strata 
have  but  a  trace  of  metal,  a  plug  is 
withdrawn,  which  allows  the  earthy 
particles  in  suspension  to  be  run  off. 
The  amalgam   and   heavier '  mineral 
particles  are  separated  by  a  subse- 
quent washing,  and  the  amalgam  placed   straintr  {fiowi 
in  a  stone  trough,  when  it  ia  treated      TiUmann). 
with  a  further  amount  of  mercury  and 
subjected  to  frequent  washings,  which  bring  the 
amalgam  into  condition  for  the  strainer,  whose  upper 
portion  is  of  leather,  and  the  lower  closely  woven 
canvas.     A  quantity  of  mer- 
cury strains  through  and  is  col- 
lected.   The  remaining  amal- 
gam is  emptied  on  a  feather- 
covered  table  and  formed  into 
bricks  of  a  triangular  shape, 
which  are  then  ready  for  the 
process  of  retorting. 

Varney,  March  18,  1852. 
This  device  is  for  expediting 
the  straining  of  the  amalgam. 
The  tube,  being  closed  at  bot- 
tom, is  filled  with  mercury. 
The  amaleam  is  poured  into 
the  vessel,  and  the  cock  at 
the  lower  part  of  the  tube 
is  then  opened.  The  quick- 
silver flows  out,  causing  a 
Torricellian  vacuum  above  it 
and  beneath  the  strainer. 
The  quicksilver  in  the  amal- 
gam  IS  then  forced  through  barney's  Strmner, 
the  strainer  by  the  pressure  of  the  atmosphere. 

In  some  other 
strainers  the 
vacuum  is  pro- 
duced by  me- 
chanical means, 
such  as  an  air- 
•pump.  In  some 
others  it  is  ef- 
fected by  the 
condensation  of 
steam.  If  the 
pipe  be  long 
enough  it  may 
be  obtained  by  a 
body  of  water, 
but  the  mercuri- 
.  al  column,  as  in 
I  Vamey's,  brings 
the  apparatus 
within  much 
^  more  compact 
limits. 
The  operation 
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.  by  which  the  separation  of  mercury  and  silver  is 
effected  is  conducted  by  the  aid  of  a  lai^  iron  or 
copper  bell,  which  is  placed  over  the  amalgam, 
and  around  which  is  kindled  a  charcoal  fire.  A 
circular  tank  of  masonry  is  constructed  below  the 
floor  of  the  burning-house,  through  which  a  stream 
of  water  is  constantly  caused  to  flow ;  and  in 
this  is  placed  an  iron  tripod,  covered  by  a  round 
plate*,  having  a  hole  in  its  center  for  the  escape  of 
mercury.      On  this  plate  are  piled-  the  bricks  of 


Fig.  141. 


Lifting  the  BeU  ( Tilmann). 


silver,  to  such  a  height  as  to  reach  to  within  a 
short  distance  of  the  top  of  the  bell,  which,  when 
placed  over  them,  leaves  a  space  of  about  an  inch 
between  its  sides  and  the  column  of  amalgam.  When 
thus  arranged,  the  bell  is  lowered  over  it  and  the 
bottom  secured,  either  by  lute,  or  by  a  water-ioint 
constantly  supplied  by  means  of  a  pipe.  Aaobes 
(unburn t  bricks)  are  now  built  around  the  arrange- 
ment in  the  form  of  a  hollow  wall,  leaving  an  annu- 
lar space  between  them  and  the  bell,  of  about  ei^jht 
inches  in  width.  This  is  tilled  with  charcoal,  which 
is  ignited,  and  as  the  temperature  increases  the 
mercury  becomes  volatilized,  and  passing  into  the 
chamber  below  the  floor  is  condensed,  collects  in  a 
liquid  form,  and  escapes  by  an  iron  pipe  into  a 
proper  receptacle.  The  fire  is  thus  kept  up  during 
about  fifteen  hours,  after  which  the  apparatus  is 
allowed  to  cool,  and  when  sufficiently  cold  the 
bell  is  removed,  either  by  a  windlass  or  by  means 
of  simple  blocks,  as  shown  in  the  figure. 

This  silver,  which  is  found  to  have  assumed  a 
porous  structure  and  a  beautiful  frosted  ap]^>earance, 
IS  called  by  the  Mexicans  plata  piiia,  and  is  placed 
in  leathern  bags  for  removal  to  the  smelting-house, 
where  it  is  assayed  and  run  into  bars.  The  silver 
obtained  by  the  patio  process  of  amalgamation  is 
in  most  cases  very  nearly  pure,  being  generally 
above  990  fine  ;  and  in  many  cases,  as  at  Gua- 
naxuato,  almost  absolutely  pure  silver  is  obtained. 

By  the  patio  procQss,  the  amount  of  quicksilver 
lost  varies  irom  ten  to  twenty-four  ounces  per  mark 
of  silver,  eight  ounces  (3.556.5  grains),  and  the 
time  occupied  is  from  fifteen  to  forty-five  days. 

The  comminution  of  the  ore  in  arrastras  is  not 
a  necessary  feature  of  the  patio  nrocess,  as  in  places 
where  water-power  is  abundant  tne  ore  is  reduced  to 
a  proper  graae  of  fineness  by  stamps.  A  large  num- 
ber of  patents  for  crushers  and  grinders  -have  been 
patented  in  the  United  States,  which  are  intended 
to  act  upon  a  constant,  mo<lerate  supply  of  the 
broken    ore,    and    reduce  it    by   a    succession    of 


operations    to    the  fineness    required.      See   Obe- 
CRUSHEKS,  etc. 

The  nature  of  the  chemical  reactions  of  the  patio 
process  has  been  much  misunderstood,  but  Sonnes- 
chmid  has  given  a  solution  which  is  now  accepted. 
According  to  his  theory,  that  poi-tion  of  the  silver 
which  exists  in  the  ores  in  a  native  state  is  alone 
capable  of  uniting  directly  with  mercury ;  and  if, 
in  grinding  with  this  metal  any  ores  which  do  not 
contain  silver  in  the  metallic  foi'm,  a  small  quan- 
tity of  amalgam  be  obtained,  it  is  pro- 
duced by  the  action  of  some  snbstanoe 
which  in  presence  of  mercury  has  the 
property  of  reducing  the  silver  existing 
in  a  state  of  combination.  These  com- 
pounds, as  well  as  the  native  metals,  are 
susceptible  of  conversion  into  muriate 
of  silver  under  the  influence  of  muriatic 
acid  liberated  by  the  action  of  the  sul- 
phuric acid  of  the  magistral  on  a  solu- 
tion of  common  salt.  The  muriate  of 
silver  thus  formed  may  be  destroyed  by 
the  addition  of  alkaline  earths,  but  the 
silver  will  then  be  converted  into  an 
oxide  which  has  no  longer  the  property 
of  forming  an  amalgam  with  mercury. 
Farther,  that  as  certain  metals  have 
the  peculiarity  of  separating  others  in 
a  state  of  purity  from  the  acids  with 
which  they  are  combined,  mercuiy 
performs  tnis  part  with  regard  to  sil- 
ver, by  taking  from  it  the  muriatic 
acid,  by  which  a  portion  of  it  is  de- 
stroyed while  the  remainder  forms  an  amalgam  with 
the  liberated  silver.  This  reduction  of  the  silver 
by  the  action  of  muriatic  acid  on  metallic  mercury, 
together  with  the  direct  action  of  the  same  on 
that  metal,  are  the  two  causes  occasioning  the 
loss  of  (quicksilver ;  the  direct  action  of  the  acid 
manifesting  itself  whenever  it  becomes  necessary  to 
make  a  further  addition  of  magistral.  The  mer- 
cury lost  remains  in  the  residue,  either  in  com- 
bination with  muriatic  acid,  or  in  the  metallic  state ; 
the  former  representing  the  deficit  known  as  oott- 
sumido  (consumed)  and  the  latter  forming  that  por- 
tion of  the  loss  classed  as  perdido  (lost). 

The  Hot  Process.  This  is  employed  in  South 
America  on  a  peculiar  class  of  ores,  containinff  a 
large  proportion  of  native  silver,  or  in  which  that 
metal  occurs  in  the  form  of  chloride,  iodide,  or 
bromide.  The  ore  is  roughly  stamped,  reduced  to  a 
certain  grade  in  the  arrastra,  ana  washed  on  an 
inclined  plane,  by  which  the  richer  portions  are  con- 
densed into  an  amount  two  per  cent  of  the  original 
bulk.  The  refuse  may  be  graded  and  sorted,  and 
the  richer  part  subjected  to  a  saving  process.  The 
finer  portion  is  removed  to  a  "cazo,"  a  copper- 
bottomed  vessel  over  a  furnace.  Water  is  added  to 
make  a  liquid  paste  ;  when  ebullition  sets  in  salt  to 
the  amount  of  from  five  to  ten  per  cent  of  the  weight 
of  the  ore  is  added.  Tlie  boiling  mass  is  then  stirred, 
and  mercury  added  at  intervals.  This  must  not 
exceed  twice  the  weight  of  the  silver  contained  in 
the  ore.  This  is  determined  by  repeated  tests. 
The  operation  completed,  the  liquid  matter  is  re- 
moved and  added  to  the  ingredients  of  a  **torta,** 
while  the  solid  portions  are  stored  in  wooden  cis- 
terns, and  are  subsequently  washed  and  treated  as 
described  undef  the  patio  process. 

An  enlargement  oi  the  not  process  consists  of  a 
larger  copper  vessel  called  a  *  *  fondon, "  in  which  blocks 
of  copper  are  drawn  around  as  the  porphyry  blocks 
of  an  arrastra.  It  is  heated  by  a  furnace  below,  as  in 
the  case  of  the  "cazo."    The  charge  of  the  latter 
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may  be  about  100  pounds,  while  that  of  the  *'fon- 
don"  is  from  1,200  to  1,500  pounds,  and  the  time 
for  working  them  off  is  about  six  hours  in  each 
case.  The  sulphides  are  not  reduced  by  this  pro- 
cess, and  are  tjierefore  added  to  the  material  of 
th*j  patio,  but  do  not  require  the  addition  of  magis- 
tral, as  they  contain  a  sumcient  amount  of  chloride 
of  copper  to  convert  the  sulphides  of  silver  into 
chlonde ;  the  copper  is  furnished  by  the  attrition 
of  the  bottom  of  the  vessel,  which  is  kept  clean,  by 
the  paddle  in  the  case  of  the  "cazo,"  and  the  cop- 
per block  in  the  case  of  the  "fondon."  The  prop- 
er proportion  of  the  mercury  and  the  mechanical 
action  prevent  the  loss  of  mercury  by  adherence  to 
the  bottom  of  the  pan. 

The  EsTUF-\  Process.  In  some  of  the  colder  and 
more  humid  districts  of  Mexico,  a  modification  of 
the  patio  process  has  been  employed.  The  ground 
ore,  instead  of  bein^  exposed  m  the  open  air  on  a 
paved  courtyard,  as  m  the  ordinary  patio  process,  is 
placed  under  a  shed,  and  the  usual  method  of  patio 
amalgamation  proceeded  with,  until  the  operation  is 
about  half  completed.  The  ore  is  then  removed 
into  a  chamber  termed  an  estufa  (stove),  which  has 
under  it  a  fireplace  six  or  eight  feet  long,  so  con- 
nected by  side  flues  with  small  chimneys  as  to 
elevate  the  temperature  of  the  room  containing  the 
ore.  Here  it  is  exposed  to  a  gentle  heat,  and  al- 
lowed to  remain  during  two  or  three  days,  when  it 
is  again  removed,  and  the  reduction  completed  by 
the  ordinary  method  of  patio  amalgamation. 

By  this  process,  the  time  required  for  the  reduc- 
tion of  the  ore  is  less  than  by  the  patio,  and  the 
yield  of  silver  greater  ;  the  loss  of  mercury,  on  the 
other  hand,  is  more  considerable. 

The  Barrel  Process.  An  apparatus  of  this  de- 
scpption  was  in  use  at  the  latter  part  of  the 
last  century  in  Germany.  It  is  descrioed  as  ''an 
apparatus  consisting  of  eighteen  small,  cylindrical, 
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Freiberg  Amalgamator  {vertUtU  tectum). 

yertical  vessiels,  arranged  in  a  circle,  in  which  the 
ores  were  mixed  with  mercury  and  constantly  agi- 
tated by  a  vertical  spindle  in  each  tub,  the.  spindles 
being  worked  by. a.  large,  horizontal  spur-wheel 
placed  in  the  center." 

The  amalgamating  apparatus '  of   Freiberg   con- 
sisted of  wooden  casks  arranged  in  rows  and  driy.en 


by  pinions  upon  their  shafts  engaged  .by  the  teetl^ 
of  a  large  spur-wheel.  Each  cask  had  a  circular 
aperture,  closed  by  a.  lid  while  revolving,  and 
opened  as  required  to  receive  a  charge  of  roasted  ore 
by  a  spout  from  the  hopper  above  ;  or  opened,  when 
in  the  reverse  position,  to  discharge  its  contents 
into  the  hopper  oelow,  after  the  argentiferous  mer- 

Fig.  143. 


cury  had  been  withdrawn  at  another  opening,  which 
at  other  times  is  closed  by  a  plug.  Each  barrel  is 
charged  with  300  pounds  of  water  and  1,000  pounds 
of  finely  ground  ore ;  fragments  of  iron  are  added, 
the  barrels  closed  and  set  in  motion.  When  the 
material  is  reduced  to  a  paste  of  the  proper  consist- 
ence, 600  pounds  of  mercury  are  added  to  each  cask, 
and  the  closed  barrels  revolved  for  16  hours  at,  the 
uniform  rate  of  13  revolutions  per  minute.  By  the 
addition  of  water  and  subsequent  revolution  at  a 
slower  rate,  the  mercury  is  separated  from  the 
slimes  and  collects  in  a  mass  below  the  water,  which 
holds  thq  major  part  of  the  earthy  particles  in  sus- 
pension, by  the  aid  of  moderate  agitation.  The 
mercury  is  then  withdrawn  by  removing  a  plug  and 
conducting  the  metal  by  a  hose  to  a  spout  and 
receiver.  The  passage  oi  earthy  particles  indicates 
the  time  to  stop  the  flow.  The  plug  is  replaced, 
the  lid  withdrawn,  and  the  muddy  residuum  dis- 
charged into  troughs  below.  The  cliloride  of  silver 
contained  in  the  roasted  ores  is,  as  in  the  Freiberg 
process,  decomijosed  by  agitation  with  iron  frag- 
ments, the  chloride  combining  with  it  to  form 
protochloride  of  iron,  while  tne  reduced  metallic 
silver  becomes  subsequently  dissolved  in  mercury. 
The  chlorides  of  lead  and  copper  which  may  be 
present  are  reduced  at  the  same  time  as  the  chloride 
of  silver,  and  enter  into  the  composition  of  the 
amalgam  produced.  The  chlorides  in  the  roasted 
ores  are,  by  trituration  with  iron,  reduced  to  the 
state  of  minimum  chlorination,  before  the  addition 
of  the  mercury,  allowing  the  latter  to  act  upon  the 
silver  immediately,  and  obviating  the  conversion  of 
the  mercury  into  calomel,  which  would  not  be  again 
reduced  and  would  prove  a  loss. 

The  muddy  residuum,-  previously  referred  to,  is 
re-treated,  if  sufficiently  rich,  by  roasting,  etc. 

The  amalgam  obtained  is  filtered  in  the  usual 
manner,  and  the  remainder  distilled  to  sublime'  the 
mercury.     The  metallic  resiilt  is  then  refined. 

The  Darrel  process  at  the  Ophir  and  other  mines 
in  Nevada  is.  preceded  by  (frying  the  ores  in  a; 
kiln  ;  dry  stamping,  screening  through  wire  sieves, 
and  roasting  in  reverberatory  furnaces  for  from  4^ 
to  6  hours.  About  5}  per  cent  of  salt  is  added  by- 
portions  in  the  furnace,  this  ore  being  stirred,  and, 
before  drawing,  1 J  to  8  per  cent  of  carbonate  of  soda 
is  added  to  decompose  the ,  sulphates  and  chlorides 
of  copper,  zinc,  etc.,  and  prevent  loss  of  quicksilver. 

The  roasted' ore  is  then  screened  and  the  barrels 


Digitized  by 


Google 


AMALGAMATOR. 


78 


AMALGAMATOR. 


are  charged  with  it.  The  charge  of  each  barrel  is 
2,000  pounds  of  ore,  450  pouuds  of  iron  fragments, 
and  water  suflScient ;  they  are  then  revolved  for  3 
hours.  From  860  to  400  pounds  of  mercmy  are 
now  added  to  each  barrel,  which  are  then  revolved 
for  12  or  13  hours  at  the  rate  of  12  revolutions  per 
minute.  They  are  then  filled  up  with  water,  ag^in 
run  for  2  hours,  and  the  water  drawn  off.  The 
amalgam  is  strained  through  a  canvas  bag  to  remove 
a  portion  of  the  quicksilver.  The  tailings  are 
washed  in  a  settler,  and  thence  passed  through  a 
series  of  sluice-boxes  into  a  flume  about  600  feet 
long  and  4  feet  wide,  provided  with  riffles. 

'file  amalgam  is  distilled  in  circular  retorts. 

The  Pan  Process.  This  process  was  designed 
especially  for  operating  upon  ores  of  poorer  quality, 
dispensing  with  roasting  incident  to  the  barrel  pro- 
cess and  to  the  frequent  manipulations  and  loss  of 
time  incident  to  the  patio  process.  The  ores  of  the 
mine  being  sorted  into  three  grades  of  comparative 
richness,  tne  first,  assaying  over  $  90  per  ton,  and 
containing  a  great  deal  of  sulphur  and  refractory 
metals,  is  stamped  dry  and  reserved  for  the  barrel 
process  ;  while  the  second,  from  $  40  to  1 90  per 
ton,  and  the  third,  from  1 20  to  $  40  per  ton,  are 
stamped  wet  and  treated  by  the  pan  process. 

The  crushed  ore,-  after  passing  through  the  screen 
of  the  stamp-box,  is  conveyed  to  the  settlers,  passing 
from  one  to  another  till  the  water  runs  off  clear. 

The  pans  are  very  various  in  their  construction, 
and  a  number  of  them  will  be  show^n  in  this  section 
of  the  article  on  amalgamation.  Tlie  common  pan 
is  a  round,  wooden,  or  cast-iron  tub,  six  feet  in  di- 
ameter, two  feet  in  depth,  and  with  a  Hat  bottom. 

Fig.  144. 


the  apertures  J.  The  false  bottom  is  made  one  inch 
less  in  diameter  than  the  bottom  of  the  pan  itself, 
and  has  an  aperture  in  the  center  an  inch  laiver  in 
diameter  than  the  base  of  the  pillar,  in  which  the 
vertical  shaft  works.     To  fasten  the  bottom  in  its 


Common  Amalgamating  JFVm. 

A  false  bottom  of  l^-inch  iron  is  inserted  into 
this,  and  a  hollow  pillar  in  the  center  admits  the 
passage  of  an  upright  shaft  which  is  generally  worked 
oy  gearing  beneath  the  pan,  capable  of  communi- 
cating to  it  from  fifteen  to  twenty  revolutions  per 
minute.     It  is  sometimes  geared  much  higher. 

To  the  wooden  arms  a  are  attached  the  blocks 
bt  also  of  wood,  to  which  are  fastened  the  iron 
shoes  c,  by  means  of  the  bolts  d,  passing  up  through 
the  arms.  Each  shoe  has  also  an  iron  pin,  about 
an  inch  in  length,  which  fits  into  the  wooden 
block  and  keeps  the  iron-facing  steadily  in  its 
place.  On  the  shaft  /  passing  through  the  central 
pillar  f  is  the  yoke  g,  which,  being  fitted  with  a 
sliding  key,  can  be  raised  by  means  of  the  screw  h  ; 
and  the  ends  of  the  yoke  itself,  being  attached  to  the 
wooden  cross-arms,  the  mullers  will  be  raised  at  the 
same  time.  Steam  is  introduced  into  the  pan  by 
the  pipe  t,  the  discharge  being  effected  by  means  of 


place,  and  prevent  the  mercury  from  finding  its  way 
under  it,  strips  of  cloth,  about  two  inches.in  width, 
are  lapped  around  the  edge 
of  the  false  bottom,  as  well  as 
applied  against  the  sides  of 
the  pan. 

A  little  iron  cement  is  then 
poured  in,   and  the  bottom 
secured  in  its  place  by  means 
of  well-dried  wooden  wedges 
tightly  driven  between   the 
two  layers  of  cloth.     These 
wedges,    which    are    driven 
J-  quite    close  to  each    other, 
must    be    somewhat    shorter 
than   the   thickness    of   the 
^  false  bottom,  thus  leaving  a 
space  above   them   which  is 
subsequently  covered  with  a 
paste  of  iron  cement,  that  is 
allowed  to  set  before  using 
the  apparatus.     About  one- 
horse  power  is  required  to  work 
this  pan,  which  wiU  amalgamate  from  one  and  a  half 
to  two  tons  of  ore  in  the  course  of  twenty-four  hours. 
Norton,  September  18,  1860.     The  annular  re- 
volving funnel  G  distributes  the  powdered  material 
by  pipes  H  to  the  space  near  the  central  pillar 
through    which   the    vertical   shaft    passes.      The 
grooves  in  the  faces  of  the  muller  and  bed -plate 
are  arranged  in  curved  lines,  so  that  the  material  is 
fed  from  the  center  towards  the  circumference  before 
it  reaches   the  discharge-openings   0.      Projecting 
points,  as  the  muller  and  oed-plates,  act  upon  the 
fed  material,   and  force  it  from  the  center  as  it 
passes  from  the  pipes  ff  into  the  mill,  giving  it  an 
eccentric  motion,  and  causing  it  to  come  repeatedly 
under  the  triturating  operation.     The  balance-rynd 
with   its  mullers  is  adjustable   vertically    on  the 
shaft  to  regulate  ^e  proximity  of  the  grinding 
surfaces. 

Varney,  December  16,  1862,  and  July  12,  1864. 
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A  stationary  bed-plate  is  attached  to  the  floor  of 
the  pan  Ay  and  has  radial  grooves  which  are  filled 
with  wood.  The  rotary-disk  has  radial,  open  grooves, 
formed  by  the  intervals  between  the  sectional  pieces 
which  are  attached  to  the  face  of  the  disk  and  form 
the  mnllers.  The  disk  itself  is  an  annulus,  and  is 
connected  by  arms  i  with  the  outer  tube  A,  which 
forms  the  balance-rynd  and  rests  upon  the  central 
pillar  m,  being  rotated  by  the  central  shaft  which 
IS  driven  by  gearing  below.     The  opening  in  the 
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Yamty's  Amalgamaiing  Am. 

center  of  the  rotating  disk  is  considerably  larger 
than  the  tube  A,. so  as  to  leave  a  hiatus  in  which 
the  material  collects.  The  action  is  such  that  the 
ore  will  pass  outward  from  this  central  space  be- 
tween the  faces  of  the  upper  and  lower  mulfers,  and 
arriving  at  the  peripheral  opening  is  drawn  in  by 
spiral  scrapers  «,  which  are  supported  from  above  and 
return  the  pulp  over  the  top  of  the  upper  muUer,  to 
the  centrar  space,  for  a  repetition  of^the  operation. 
The  shoes  are  renewable,  and  are  secured  to  the  disk 
by  rivets  which  are  cast  in  them.  The  operation  of 
this  apparatus  is  as  follows  :  The  space  about  the 
periphery  of  the  lower  muller  is  filled  with  quick- 
silver, and  the  pan  nearly  filled  with  pulp  of  the 
proper  consistency  to  flow  easily  ;  the  snaft  is  now 
made  to  revolve  at  a  proper  speed,  from  sixty  to 
eighty  revolutions  per  minute,  by  which  the  upper 
muller  is  rotated.  The  pulp  between  the  mullers,  by 
means  of  the  centrifugal  force  developed,  is  made  to 
pass  out  through  the  radial  channels  between  the 
dies,  as  well  as  between  the  grinding  surfaces  of  the 
upper  and  lower  mullers  ;  also  into  and  over  the 
quicksilver,  thereby  causing  amalgamation. 

The  outward  motion  of  the  pulp  has  the  effect 
of  keeping  the  quicksilver  entirely  away  from  the 
grinding  surface,  thereby  obviating  what  has  often 
proved  a  very  serious  difficulty,  namely,  the  grinding 
of  the  mercury. 

The  rotation  of  the  upper  muller  causes  the  pulp 
in  the  pan  to  revolve  witn  it.  This  current  is  met 
by  the  cuneiform  projections  and  curved  plates,  and 
thereby  turned  toward  the  bentral  opening  in  the 
upper  muUer.  The  radial  slots  between  the  shoes, 
running  from  the  central  opening  to  the  outward 
one,  allow  currents  of  considerable  size  to  pass  with 
great  velocity  ;  and  the  pulp  filling  these  slots, 
being  continually  thrown  outwardly,  tends  to  pro- 
duce a  vacuum.  By  this  the  pulp  in  the  body  of 
the  pan  is  set  in  motion,  causing  a  rapid  and  abun- 
dant flow  downward  at  the  center,  and  upward 
along  the  inner  surface  of  the  pan.  The  pulp  is 
thus  made  to  circulate  until  the  complete  pulver- 
ization of  the  quartz  and  amalgamation  of  the  metals 
have  taken  place. 

Coleman,  August  18,  1868.  The  muller  of  this 
pan  is  driven,  as  are  the  preceding,  by  the  central 
vertical  shaft  which  is  projected  up  the  central 
cavity  of  the  annular  pan.     The  shaft  supports  a 


balance-rynd  ct,  to  whose  ends  are  attached  the  mul- 
ler C,  which  revolves  between  two  plates  B  D,  re- 
spectively below  and  above.  The  muller  C  has  cor- 
rugations on  its  upper  and  lower  surfaces,  as  have  also 

Fig.  147. 


CMemoit**  Amaigamator, 

the  surfaces  with  which  it  comes  in  contact.  The 
vertical  position  of  the  rotai-v- wheel  or  muller  is  ad- 
justed by  the  central  wheel  i,  and  that  of  the  upper 
plate  D  by  the  set  screws  c,  which  are  four  in  num- 
ber and  set  at  opposite  points.  By  this  double  ad- 
justment the  spaces  between  the  grinding  surfaces 
are  gradually  approached,  as  the  pulp  becomes  finer 
in  the  progress  of  the  work. 

Wheeler,  December  8,  1868.  The  lower  face  of 
the  rotary-muUer  has  spirally  curved  grooves  which 
act  in  apposition  to  reversedly  curved  spiral  grooves 
on  the  bed-pUite  or  stationary  muller.  Fig.  148 
is  a  vertical  sectioo,  and  Fig.  149  shows  the  pan  in 
perspective,  the  muller  being  raised  and  tunied  bot- 
tom upwards.     The  dies  a  are  attached  to  the  bed 

Fig.  148. 


WheeUr^s  Amalgamating  Am. 

of  the  pan,  and  the  shoes  b  to  the  rotary-disk  ;  this 
is  attached  to  the  hollow  cone  F  (see  Fig.  148), 
which  is  connected  to  the  vertical  shaft  (7,  and 
that  to  gearing  beneath  the  pan.  The  dies  a 
are  kept  in  their  places  by  the  central  ring  c,  and  on 
the  sides  by  the  inclined  ledges  rf,  under  which  their 
edges  are  wedged.  Spiral  ribs  are  fixed  on  the 
periphery  of  the  rotary-muller,  and  act  in  concert 
with  reversedly  spiral  ribs  d  attached  to  the  side 
of  the  pan  to  create  an  upward  current  in  the  pulp, 
which  is  then  swept  toward  the  center  again  by 
curved  guide-plates  attached  to  the  blocks  e  on  tha 
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Wheder^s  Amalgamator. 

inside  of  the  pan.  This  pan  is  4  feet  in  diameter  at 
the  bottom,  is  said  to  require  from  2J  to  3  horse 
power  to  run  it  effectively,  and  is  geared  for  sixty 
revohitions  per  minute.  The  muUer  is  connected  to 
its  driver  bv  a  universal  joint.  The  pan  has  a  double 
bottom,  and  is  heated  by  steam  admitted  to  the  space 
thus  formed. 

Wheeler,  July  14,  1863.     This  machine  is  con- 
structed for  saving  the  mercury  from  the  pulp  or 


Wuder''s  Separator. 

waste  matter  which  escapes  from  the  ordinary  amal- 
gamators, and  consists  of  a  tub  with  concave  bottom 
and  a  central  depression,  in  which  is  a  vertical  tubu- 
lar rotary-shaft  having  arms  on  which  pads  are 
placed,  which  rub  on  the  bottom  and  collect  the 
particles  of  mercury  which  run  down  into  the  cen- 
tral chamber  ;  water  is  supplied  through  the  hoUow 
shaft,  which  may  be  decanted  off  by  a  siphon  or 
cocks,  and  the  quicksilver  drawn  off  by  the  lower 
tube  connected  with  the  gathering-chamber. 

Hepburn  and  Peterson,  April  19,  1864.  This 
pan  differs  mainlv  fr«m  the  foregoing  in  the  shape 
of  the  bottom,  which  is  inclined  towards  the  center, 


or  shaped  like  an  inverted  cone.      The  shoes   are 
bolted  to  the  face  o'f  the  conical  muller  in  such  a 

Fig.  161. 


AxrtaXfamating  Pan. 

way  as  to  leave  intervals  which  form  spiral  grooves. 
The  dies  of  the  bed  are  fastened  to  the  pan  bottom, 
and  have  a  similar  arrangement,  forming  spiral  con- 
ductors whereby  the  pulp  is  led  towards  the  periph- 
ery ;  ascending  against  the  sides  of  the  pan,  it  de- 
scends by  gravitation  over  the  upper  surface  of  the 
rotary- muller,  is  collected  at  the  center,  and  again 
driven  outwards.  A  constant  and  active  circulation 
is  thus  established  without  the  aid  of  the  curved 
scrapers  shown  in  some  of  the  preceding  examples. 
The  chai^  for  this  pan  is  about  1,400  pounds,  and 
the  time  requisite  for  working  it  from  two  to  four 
hours,  according  to  circumstances.  The  rate  of  run- 
ning is  from  fifty  to  sixty  revolutions  per  minute. 
The  muller  is  supported  upon  a  balance-rynd,  as  in 
the  previous  examples,  and  is  adjustable  vertically 
by  hand-wheels,  a  thimble,  and  a  tubular  screw. 

The  following  two  are  examples  of  planetary  mo- 
tion. 

Hansbrow,  October  27,  1863.     The  pan  has  the 

Fig.  162. 


Hcuubrow^s  Amalgamating  Fan, 
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same  features  as  the  foregoing,  but  the  action  of  the 
mullers  is  different.  The  vertical  shaft  is  driven 
by  gearing  below,  and  passes  up  through  a  central 
cavity  in  the  annular  pan.  On  the  summit  of  the 
shaft  is  an  ann  in  which  are  journaled  the  vertical 
shafts  of  the  dependent  mullers.  Each  of  the  latter 
shafts  has  a  pinion  which  engages  a  circular  station- 
ary rack  on  the  inner  edge  of  the  pan,  so  that,  as 
the  mullers  revolve  around  the  main  .shaft,  they 
have  also  a  rotary  motion  on  their  own  axes.  They 
thus  acquire  what  is  called  a  planetary  motion,  ro- 
tating as  they  revolve. 

The  grinding  effect  of  this  motion  is  very  satis- 
factory, and  the  mullers  wear  nearly  evenly.  The 
effect  of  a  simply  revolving  muller  is  to  wear  the 
fastest  nearer  the  periphery,  as  that  passes  over  a 
greater  frictional  surface  in  describing  a  larger  cir- 
cle. This  difficulty  is,  however,  met  by  Dodge's 
l)atent,  described  elsewhere  in  this  article. 

Ken  YON,  July  19,  1864.  This,  like  the  one  im- 
mediately preceding,  consists  of  a  circular  pan, 
through  the  center  of  which  passes  a  vertical  shaft. 
To  the  upper  end  of  the  shaft  is  attached  a  cross- 
head  fitted  with  a  yoke,  through  which  a  screw 
passes  and  rests  upon  the  end  of  tne  shaft.  At  the 
ends  of  the  cross-nead,  bows  are  attached  carrying 
the  vertical  shafts,  upon  which  are  pinions  gearing 
into  a  stationary  wheel.  At  the  end  of  each  shaft 
are  placed  arms,  and  at  their  ends  are  irons  for 
receiving  the  mullers.  The  mullers  have  a  quad- 
rangular arrangement  at  the  ends  of  arms  o,  sim- 
ilarly disposed  and  radiating  from  the  shafts  /. 
As  in  the  preceding  example,  they  have  rotation 
on  their  own  axes  by  the  engagement  of  their 
respective  pinions  w  with  the  stationary  wheel  7i, 

Fig.  153. 


Kenyon^s  Amalgamating  Pan. 

and  have  also  a  revolution  in  the  track  formed 
by  the  annular  pan,  owing  to  the  rotation  of  the 
shaft  a  and  cross-head.  The  adjustment  of  press- 
ure of  the  mullers  on  the  face  of  the  pan  is  ob- 
tained by  the  set-screw  t,  which  passes  through  the 
yoke  h  and  rests  on  the  shaft  a.  Each  muller 
receives  a  cycloidal  movement. 

The  process  of  working  in  pans  is  not  merely  a 
mechamcal  trituration  of  the  material,  and  an 
exi)osure  of  it  to  the  contact  of  mercury.  These, 
of  course,  are  necessary  incidents,  but  the  chemical 
reactions  of  the  constituents  are  in  many  respects 
similar  to  those  described  under  the  patio  process 
and  the  barrel  process  of  Freiburg  and  Nevada. 
The  enei^  of  the  treatment,  however,  has  the  effect 
of  exx>editing  the  decomposition  of  the  material  and 
the  combination  of  the  precious  metals  with  the 
mercury. 


In  operating,  the  charge  having  .been  placed  in 
the  pan,  the  muller  is  put  in  motion,  and  gradually 
lowered  as  the  material  becomes  pulverized.  Steam 
is  theix  injected  into  the  mass,  raising  its  tempera- 
ture to  200'  Fahr.,  care  being  taken  to  retain  a  proper 
consistence.  The  muller  being  slightly  raised,  quick- 
silver is  added  in  a  shower  from  a  canvas  bag,  to 
the  extent  of  from  ten  to  fifteen  per  cent  of  the 
material  under  treatment ;  sulphate  of  copper  and 
sulphuric  acid  are  also  added  in  small  quantities ; 
also  salt  in  some  cases.  Many  suggestions  of  ma- 
terials to  be  added  are  rife  among  tne  miners,  but 
appear  to  be  empiric  in  their  character,  and  not 
derived  from  critical  chemical  consideration  of  the 
reactions  taking  i)lace  or  required.  The  running 
of  the  pan  to  complete  the  amalgamation  is  con- 
tinued lor  three  or  four  hours.  The  pulp  is  then 
thinned  so  as  to  flow  out  of  an  opening  in  the 
bottom  of  the  pan,  and  is  conductea  to  the  sepa- 
rator ;  or  it  may  be  thinned  and  settled  in  the  pan, 
reducing  the  jmlp  .*>o  as  to  allow  the  heavier  por- 
tions to  settle,  and  decanting  the  mere  liquid  either 
by  siphon  or  by  opening  the  cocks  on  tne  side  of 
the  pan,  beginning  at  the  uppermost  and  proceeding 
downwards  m  order,  as  the  condition  of  the  settling 
renders  advisable.  Several  of  the  examples  show 
these  cocks,  but  others  are   so  arranged  that  the 

Kn  will  tip  on  its  hinges  and  dischai^e  its  contents. . 
the  lai^er  pans,  where  it  is  desired  to  make  the 
work  as  continuous  as  may  be,  the  whole  charge  of 
the  pan  is  drained  off  and  subjected  in  a  separator 
to  a  second  process  of  dividing  the  earthy  particles 
from  the  metal,  in  order  that  the  pan  may  be 
expeditiously  rechai^d  and  proceed  with  its  work. 

One  of  these  separators  is  shown  in  this  article, 
but  the  common  pan  (also  shown)  is  frequently 
used. 

In  the  separator  the  pulp  is  mixed  with  a  large 
quantity  of  water,  and  a  regular  steady  supply  kept 
up,  80  as  to  carry  off  the  lighter  particles  of  earthy 
matter,  at  first  from  holes  in  the  upper  part  of  the 
])an  ;  but  as  the  separation  proceeds  tne  discharging- 
point  is  gradually  lowered,  until  eventually  nothing 
but  the  heavier  pyrites  and  liquid  amalgam  is  left. 
The  amalgam  is  drawn  off  from  the  bottom,  and  the 
pyrites  then  scooped  out,  and  after  being  further 
washed  in  another  separatiiig-pan,  to  remove  the 
last  traces  of  amalgam,  it  is  reserved  for  final  treat- 
ment by  calcination  and  reduction  in  barrels.  The 
amalgam  is  now  carefully  washed  in  clean  water, 
dried  with  flannels,  and  finally  removed  to  the 
amalgam-room,  where  it  is  strained  through  thick 
coni(^  bags  of  canvas  twelve  inches  in  diajmeter  at 
the  lai*ger  end,  and  two  feet  in  length. 

After  the  bags  have  drained  for  some  time,  they 
are  beaten  with  a  round  stick  to  cause  a  further 
quantity  of  the  mercury  to  run  off.  The  hard,  dry 
amalgam  is  finally  removed  from  the  bags  and 
weighed  into  store. 

The  mercury  run  off  from  the  bags  is  technically 
known  as  "charged  quicksilver,"  and  after  being 
mixed  with  retorted  mercury  is  returned  to  the 
pan-room  for  farther  use.  Charged  quicksilver  is 
preferred  to  the  pure  metal,  as  with  it  amalgamation 
IS  found  to  proceed  more  rapidly. 

Amalgamation  of  Roasted  Ores.  In  some 
of  the  mining  districts  of  Nevada,  and  particularly 
in  the  neighborhood  of  Austin,  where  the  ores  con- 
sist of  various  compound  sulphides  of  silver,  contain- 
ing a  considerable  amount  of  antimony,  the  ordinary 
pan  process,  as  practised  at  Virginia  City,  cannot  be 
advantageously  employed.  The  ores  from  this  part 
of  the  State  consequently  require  roasting  before 
being  subjected  to  amalgamation,  and  then,  when 
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worked  in  the  f>an8,  afford  better  results  than  those 
obtained  from  the  ores  of  the  Comstock  vein  treats 
in  their  raw  state.  Each  battery  of  five  stampers 
will  crush  (dry)  four  tons  of  ore  daily,  through  a 
wire-gauze  screen  of  forty  holes  per  linear  inch. 
One  thousand  pounds  of  this  crushed  ore  are  roasted 
with  eight  per  cent  of  common  salt  ;  the  time 
occupied  in  the  furnace  by  each  charge  being,  on 
an  average,  six  hours.  Pans  are  most  commonly 
employed,  and  are  charged  with  trom  eight  hundred  to 

one  thousand  pounds 
Fig.  164. 


of  roasted  ore,  which 
occupies  five  hours 
in  working.  A  mill 
often  stampers,  with 
all  the  necessary 
furnaces,  pans,  and 
appliances,  will  treat 
eight  tons  of  ore  in 
the  course  of  twen- 
ty-four hours,  with 
a  total  consumption 
of  about  ten  cords 
of  wood.  It  is  stat- 
ed that  the  loss  of 
silver  in  the  neigh- 
borhood of  Austin, 
where  the  ores  con- 
tain little  or  no 
gold,  seldom  ex- 
ceeds seven  per  cent 
of  the  assay  value. 
Spencer,  Novem- 
ber 22,  1864.  The  treatment  is  designed  to  desul- 
phurize the  ore  simultaneously  with  its  exposure  to 
the  mercurial  fumes.  The  ore,  finely  pulverized,  is 
placed  in  a  vessel  with  a  small  amount  of  mercury, 
and  the  vessel  then  strongly  closed.  Heat  is  then 
Fig.  156. 


^Mtuer's  Amalgamator. 


Amalgam  Retort, 


applied,  so  as  to  vaporize  the  mercury.  After  this 
treatment  the  ore  is  placed  in  any  suitable  ama^a- 
mating  vessel,  and  washed  and  treated  in  uie 
usual  way. 

Retorti NO.  The  silver  or  gold  amalgam  is  treated 
in  the  assay-office,  and  the  mercury  separated  by  dis- 
tillation in  a  cast-iron  retort  with  a  luted  cover, 
placed  upon  an  arch  of  fire-brick,  and  having  another 
arch  above  it,  being,  with  the  exception  of  one  end^ 
enclosed  within  a  chamber.  Fig.  155  shows  the 
arrangement  of  the  retort  and  chamber.  The  chai^ 
of  amalgam  is  weighed  and  placed  in  a  semicircular 
tray  divided  by  a  transverse  partition.  Before 
being  put  in  the  tray  the  amalgam  is  coated  with 
milk  01  lime  or  a  thin  wash  of  clay,  a  sheet  of  paper 
being  sometimes  placed  under  it ;  by  these  means 
the  amalgam  is  prevented  from  adfhering  to  the 
tray.  The  tray  being  placed  in  the  retort,  the  cover 
is  closed  and  carefully  luted  with  a  thin  paste  of 
clay  and  wood-ashes.  The  fire  is  then  lighted  in 
the  furnace,  and  the  heat  verv  gradually  raised 
until  the  retort  is  at  a  bright  red  heat.  The  flame 
and  smoke  from  the  furnace  pass  through  the  tinea 
a  a,  etc.,  up  into  the  chamber  b  and  around  the 
retort,  the  smoke,  etc.  ascending  into  the  chim- 
ney d  through  the  flues  1,  2,  8,  etc.,  and  the  cham- 
ber c,  the  draft  being  i-egulated  by  dampers  at- 
tached to  these  flues.  A  horizontal  pipe  D  is  fitted 
into  the  inner  end  of  the  retort,  and  is  so  connected 
to  the  vertical  downcast  pipe  E  that  they  admit  of 
bein^  readily  separated  for  cleaning ;  the  pipe  £ 
terminates  in  a  chamber  open  at  the  bottom,  ana  im- 
mersed sufficiently  deep  in  a  tank  of  water  to  keep 
it  air-tight,* but  not  to  allow  of  water  being  drawn 
up  into  the  heated  retort,  and  passes  through  an 
outer  pipe  F,  in  which  a  current  of  water  circulates 
from  below  upward,  having  its  exit  by  a  pipe  at  the 
top.  As  the  retort  becomes  heated  the  volatilized 
mercury  passes  through  the  pipes  D  and  E,  bein^ 
condensea  in  its  passage  through  the  latter,  and 
reservoir  G,  from  whence  it  is 
tube. 

f  has  ceased  to  distil  over,  the 
ool  gradually,  and  when  cold  the 
hdrawn,  and  it  and  the  mercury 
er  are  weighed  for  the  purpose 
ere  has  been  any  leakage  from 

i  is  placed  over  the  furnace- 
escaping  vapors  into  the  flues. 

Accordinff  to  Phillips,  the 
cost  of  working  from  f  45  to 
$50  ores  by  the  pan  process 
is,  in  those  portions  of  the 
State  of  Nevada  in  which 
water-power  can  be  obtained, 
nearly  as  follows  :  — 

P«r  toiK 
Stamping  wet,  through 

No.  6  screens  .  .  $  1.50 
Milling,  including,  the 

loss  of  mercury,  etc.  6.00 
Totad    cost    including     

wear  and  tear  .  .  $  6.50 
'  The  loss  of  mercury  amounts 
to  from  li  to  IJ  pounds  for 
each  ton  of  ore  containing  sil- 
ver to  the  amount  of  from 
$  35  to  $  50  per  ton. 

The  Barrel  Process  as  ap- 
plied to  gold  is  exemplified  m 
many  forms.  In  Fi^.  156  the 
gold  is  amalgamated  m  hollow 
revolving  cylinders  upon  hori- 
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Fig.  166. 


inder  turns  thereon.  The  pipe  D  connects 
with  a  retort,  and  conducts  therefrom  the 
mercurial  fumes  which  pass  into  the  cylin- 
der through  perforations  in  the  lower  part 
of  the  pipe.  The  end  2/  of  the  pipe  dips 
into  a  vessel  of  water  that  condenses  any 
mercurial  vapor  which  passes  over  when  the 
stopcock  g  is  opened.  The  cock  regulates 
the  pressure  of  vapor  in  the  cy%der,  which 
has  a  door  by  which  it  is  chai^ged  and  un- 
chai^ged. 

Staats,  March  18, 1866.  The  ore  is  placed 
in  a  closed  vessel  in  company  with  an  al- 
lowance of  quicksilver,  and  is  then  rotated 


Fig.  IW. 


Wright's  Barrel  Amaigamator, 

zontal  axes,  the  trunnions  being  hollow  to  admit  the 
pulverized  ore  from  one  cvlinder  into  another.  The 
cylinders  are  connected  by  flanges  or  S-pipes  with 
grooves  turned  into  the  axes  or  trunnions,  and  rings 
are  fitted  into  the  grooves  and  covered  by  the 
flanges ;  the  whole  are  so  connected  as  to  make  them 
water  or  steam  ti^ht,  and  so  arran^d  as  to  give  a 
fall  of  about  six  inches  to  each  cylinder.  The  cyl- 
inders contain  rollers,  knives,  burnishers,  and  other 
analogous  arrangements  to  produce  friction,  scour 
the  ore,  and  assist  the  contact  with  the  quicksilver. 
Heath,  February  17,  1863.  This  machine  con- 
sists of  a  cylinder  which  rotates  upon  an  axis  diago- 
nal with  the  true  cylindrical  axis,   and  is  formed 

with  a  corrugat- 
Fig.  157.  ed  interior  sur- 

fiuje,  the  corru- 
gations running 
parallel  with 
the  true  axis 
and  across  the 
end ;  it  is  also 
provided  with 
annular  ribs, 
which  project 
from  the  inside 
of  the  cylinder 
1  in  a  plane  paral- 
-  lei  to  the  heads 
and  at  right  an- 
gles to  the  axis 


Heath't  Amaigamator. 


of  the  cylinder.     The  effect  of  the  obliquity  of  the 
axis  of  rotation  is  to  make  the  contents  slide  and 
roll  as  the  machine  is  rotated.     A  lid  admits  to  the 
interior,  and  the  latter  is  also  entered  by  a  pipe. 
Hall,  February  28,  1866.     The  horizontal  rotat- 

Fig.  168. 


fmJlMRflAl.. 
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HaWs  Cylmdtr  Amalgamator. 

ing  cylinder  A  has  internal  lifters  c  c,  which  raise  and 
turn  over  the  pulverized  quartz  contained  there- 
in.    The  central  pipe  is  stationary,  and  the  cyl- 


Fig.  160. 


on  its  horizon- 
tal axis  above 
the  fire  in  the 
furnace.      The 

fumeseliminat-  g^^,.  Amalgamator. 

edby  the  heat 

from  the  mercury  penetrate  the  material  as  it  is 
agitated  by  the  rotation  of  the  vessel. 
Sturoes,  September  18,  1866.    The  barrel  amal- 

rBktor  has  a  pocket  to  retain 
mercury  and  distribute  it 
to  the  ore  as  the  barrel  revolves. 
The  cylinder  is  stayed  by  dia- 
metric bolts. 

Gold.  Ths  BatUry  Process.  ^ 
In  the  amalgamation  of  gold"" 
ores  the  auriferous  quartz  is 
broken  by  a  crusher  into  pieces 
of  about  a  pound  weight  and 
is  tfien  stamped.  For  wet 
crushing,  stamps  are  used  weigh-  Stmget^t  Amaigamator. 
ing  from  five  to  nine  hundred 
pounds  including  the  stem,  and  are  driven  at  the 
rate  of  seventy  blows  per  minute  with  a  fall  of  from 
six  to  nine  inches.  They  are  fed  bv  an  attendant 
whose  duty  it  is  to  regulate  the  supply  of  ore,  water, 
and  quicksilver,  when  that  metal  is  used  in  the  bat- 
tery for  amalgamating  the  free  gold  present 

Amalgamation  in  the  battery  requires  careful 
attention,  principally  to  avoid  the  too  rapid  addi- 
tion of  quicksilver,  which  should  be  supplied  in 
very  small  quantities  only. 

To  amalgamate  the  free  gold  in  a  battery,  the 
quantity  of  quicksilver  to  oe  used  is  about  one 
ounce  weight  to  each  ounce  of  gold  present ;  this 
is  sufficient  to  collect  the  gold  and  form  a  dry 
amalgam.  If,  therefore,  a  mill  vdll  stamp  twenty- 
four  tons  of  ore  in  twenty-four  hours,  and  the  ore 
contain  an  ounce  of  gold  per  ton,  it  will  be  neces- 
sary to  put  into  the  battery  an  ounce  of  quicksilver 
every  hour.  When,  in  addition  to  gold,  the  rock 
under  treatment  contains  metallic  silver,  the  amount 
of  mercury  added  must  be  proportionably  increased. 
More  than  eighty  per  cent  of  the  assay  value  of  the 
gold  in  the  ore  may  by  careful  manipulation  be  thus 
obtained.  The  gold  amalgam  accumulates  in  the 
comers  and  crevices  of  the  battery  box,  between  the 
dies,  on  the  breast  of  the  mortar,  over  which  the 
cruiiied  ore  is  washed  into  the  settUng-cistems,  and 
is  even  found  in  considerable  quRntities  adhering  to 
the  stamp-shoes.  The  amalgam  thus  obtained  is 
very  hara  and  heavy,  and  is  commonly  so  rich  in 
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Dodgers  Amalgamator. 


gold  as  to  be  worth  as  much  as  ten  dollars  per  ounce. 
The  crushed  ore  is  taken  off  from  the  mortar  by  a 
supply  of  water,  equal  to  the  run  of  f -inch  pipe  to 
each  set  of  five  stsimps,  passing  through  screens  in 
the  back  and  front  of  the  box.  These  screens  are 
made  of  thin  Russia  iron  perforated  with  holes 
punched  by  sewing-needles. 

Auriferous  sand  is  treated  in  divers  amalgamating 
machines  ;vit  being  already  in  a  comminuted  state,  it 
is  not  necessary  to  put  it  through  the  battery. 

Dodge,  May  3,  1864.  This  invention  relates  to 
an  arrangement  of  the  rotary-shoes  of  the  machine, 
whereby  the  outer  ones,  which  are  subjected  to  the 
most  wear  in   consequence  of  having  the  greatest 

speed,  may  al- 
Flg.  161.  ways    be    ad- 

justed so  as  to 
run  in  contact 
with  the  bot- 
tom of  the  pan, 
and  the  wear 
thereby  com- 
pensated for. 
in  the  ordi- 
nary amalga- 
mating ma- 
chines the  out- 
■  er  shoes,  in 
consequence  of 
being  subject- 
ed to  more  wear  than  the  inner  ones,  soon  become 
comparatively  useless. 

The  adjustable  shoes  are  attached  to  supplemental 
bars,  which  are  hinged  to  the  radial  arms  D^  and  are 
also  connected  thereto  by  springs  which  permit  ad- 
justment of  the  pressure. 

Miscellaneous  Afachines.  The  following  are  diverse 
in  their  construction  from  those  previously  cited,  and 
are  not  strictly  referable  to  either  of  the  classes, 
while  partaking  of  some  of  the  features  of  the  "pan" 
and  the  **  barrel  "  process. 

Charles,  September  25,  1866.  The  inclined 
panners  B  are  suspended  by  rods  from  the  frame, 

and  are  oscillat- 
Fig.  182.  ed    by  machin- 

ery. They  dis- 
charge into  a 
trough  which 
leads  the  ore- 
dust  and  water 
to  a  ffrinding- 
pan.  The  ore 
and  water  enter 
the  eye  of  the 
runner,  and  pass 
between  it  and 
sy  the  bed-plate  to 
Charleses  Amalgamator.  the  periphery,  at 

which  they  are 
discharged  by  a  spout  to  a  series  of  amalgamat- 
in^-boxes,  each  of  which  consists  of  a  case  Ji  con- 
taining a  series  of  copper  pans  placed  in  vertical 
series.  The  upi)er  muller  X  has  a  rotary  motion, 
and  the  lower  one  an  oscillation,  derived  from  the 
crank  and  pitman  0.  The  shell  M,  whose  floor  forms 
the  lower  muller,  travels  on  rollers  as  it  oscillates. 

Brock,  May  1,  1860.  The  upper  surface  of  the 
revolving  disk  e  is  divided  into  a  number  of  recepta- 
cles, and  the  lower  surface  of  the  disk  above  it  is 
ribbed.  The  respective  disks  revolve  in  different 
directions.  The  receptacles  are  filled  with  mer- 
cury, and  the  action  of  the  upper  plate  o  is  to  feed 
the  pulverized  ore  from  the  center  continuallv  to- 
wards   the  periphery,    its    gravity  keeping    it    as 


Fig.  168. 


Srock^s  Amalgamator. 

a  film  in  contact  with  the  mercury  upon  which  it 
floats  and  travels.  The  disks  are  rotated  by  the 
engagement  of  their  respective  pinions  with  bevel- 
wheels  on  the  driving-shaft. 

Battels,  January  6,  1863.  This  apparatus  con- 
sists of  a  series  of  toothed  annular  plates  H  /, 
secured  to  the  casing  of  the  machine  and  inclining 
down  towards  the  center,  and  a  corresponding  num- 
ber of  revolving  toothed  plates  E  F,  mounted  on  a 
vertical  shaft,  forming  basins  in  which  the  meT€ury 
is  contained  and  occupying  the  spaces  between 
the  stationary  plates.     The  material  to  be  washed 


Fig.  164. 


Battels^ s  Washer  and  Amalgamator, 

or  scoured,  falling  on  the  outer  part  of  the  upper 
stationary  plate,  is  acted  on  by  the  teeth  of  the 
revolving  plate  above,  and  passes  inward  by  its  own 
gravity  until  it  falls  on  the  center  of  the  revolving 
plate  E  next  below,  whence  it  is  carried  outward  by 
centrifugal  action  until  it  falls  on  the  stationary 
plate  /  next  below,  and  so  on  to  any  extent  re- 
quired. 

The  vertical  shaft  is  stepped  in  a  lighter-bar, 
which  is  raised  or  lowered  to  adjust  the  proximity 
of  the  teeth  on  the  rotating  disks  to  those  on  the 
stationary  ones.  The  amalgamated  metals  collect 
in  the  central  pockets,  and  are  removed  therefrom 
as  they  accumulate. 

PiETSCH,  May  3,  1864.     The  upper  part  of  the 
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apparatus 
consists  of  a 
double  series 
ofpans,  the  al- 
ternate ones 
revolving  in 
different  di- 
rec  t  ions. 
Each  is 
smooth  on  its 
upper  sur- 
face, but  has 
teeth  below, 
which  agitate 
the  material 
in  the  pan 
next  be- 
neath. The 
ore  and  water 
are  compelled 
into  a  tortu- 
ous course, 
falling  over 
the  edge  of 
each  pan  in 
the  series, 
and  being 
caught  by  the 

lone  beneath. 

j  After   reach- 


FUtxh's  SepanUor  and  Amalgamator.       ins  the  ]^int 

0,  the  ore  IS  led 
in  again  to  the  center,  and  the  action  is  repeated. 
The  neavy  particles  accumulate  at  the  bottoms  of  the 
pans,  and  are  thence  removed 
to  the  amalgamators   below, 
where  they  are  agitated  by 
stirrers  above  and  in  contact 
with  the  mercury  which  oc- 
cupies the  depressions  in  the 
bottoms  of   the   pans ;    the 
pans  communicate  by  a  cen- 
tral channel. 

Eendrick,  May  29,  18M. 
Theagitator^  operates  in  the 

Fig.  166. 


Peck^s  Amalgamator. 


ing  platform.  £ach  pan  empties  iuto  the  one  next 
below  it  in  the  series.  The  belly  of  each  pan  has 
some  mercury,  and  the  combined  vertical,  longitu- 
dinal, and  partial  rotary  movement  is  to  settle  the 
heavier  matters  to  the  bottoms  of  the  pans  and  jshift 
the  lighter  material  to  the  pans  next  below.  The  pe- 
culiar complex  motion  of  the  pans  is  intended  to  im- 
itate the  hand  motion  in  panning. 

Partz,  July  14,  1863.  The  powdered  ore  is  dis- 
tributed in  a  dry  state  over  the  current  of  mercury 
flowing  upon  the  inclined  surface  of  the  metallic 
trough.  The  surface  of  the  latter  is  amalgamated 
with  mercury,  and  that  which  flows  to  the  lower 
end  is  re-elevated  and  again  distributed  upon  .the 
trough.  A  current  of  water  and  an  agitator- wheel 
assist  in  removing  the  tailings  which  reach  the 
receptacle  at  the  lower  end  of  the  trough. 

Fig.  168. 


Kendrirk^a  Amalgamator. 

bottom  of  the  tank,  being  driven  by  the  vertical 
shaft  C  and  the  gearing  above.  The  box  E  occupies 
a  position  near  the  bottom  of  the  tank,  ana  is 
heated  by  steam  introduced  by  the  pipe  a.  b  is  the 
discharge-pipe  for  the  water  of  condensation. 

Peck,    Febi-uary  21,   1865.      The  pans  are  ar- 
ranged in  successive  order  upon  steps  on  the  swing- 


Partz^s  AmalgamtUor. 

Hill,  January  1,  1861.  This  operates  by  centrif- 
ugal action.  The  rotating  basin  nas  a  central  de- 
pression to  contain  the  mercury,  and  its  surfaces  are 
amalgamated  to  cause  adhesion  of  the  amalgam,  as 
it  is  formed  by  the  contact  of  the  mercury  with  the 
precious  metals  in  the  pulverized  ore.  The  water, 
quartz,  and  lighter  impurities  are  expelled  over  the 
edge  of  the  basin  by  centrifugal  force,  while  the 
heavier,  valuable  results  settle  into  the  central  pocket, 

Gardiner, 
October     4,  «g-  ^^ 

1864,  subjects 
the  finely  pul- 
verized dust  of 
ores,  in  connec- 
tion with  mer- 
cury, to  a 
powerful  agita- 
tion and  cen- 
trifugal action, 
by  placing 
them  in  a  par- 
tially covered 
revolving  pan ; 
the  form  of  the 
rim  prevents 
the  loss  of  the  Hiirs  Amalgamator. 
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metallic  portions,  while  tHe  lighter  impurities  are 
ejected  over  the  edge  of  the  pan,  into  which  a  stream 
of  water  constantly  flows. 
Whelpley  and  Stoeer,   September  11,  1866. 

Fig.  170. 


interior  surface  by  the  centrifugal  force,  and  the 
metallic  particles  are  seized  and  amalgamated  by  the 
mercury. 

The  supply  is  derived  from  the  tank  T  by  pipe  P, 

Fig.  178. 


Whelpley  and  Storer's  Amalgamator. 


The  outer  cylinder  is  supported  on  shaft  attached 
by  a  hub  to  an  internal  plate.     The  interior  of  the 


Phelps's  Amalgamator, 

cylinder  is  coated  with  mercury  ;  the  pulp,  being 
introduced  during  rapid  rotation,  is  spread  over  the 


172. 
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Adams  and  Worthittgton^s  Amalgamator. 


and  the  tailing  dis- 
charged by  Dij)e  S. 
Phelps,  October 
18,1846.    The  low- 
er roller  revolves  in 
a  trough  of  mercury 
Of  and  distributes  it 
upon     the     upper 
rollera  A  B,  wnich 
are  brought  into  an 
electric  circuit  to  in- 
crease their  attrac- 
tive energy  in  accu-  Day's  Amalgamator. 
mulating  the  adher- 
ing amalgam,  which  is  subsequently  scraped  off  and 
fafis  into  the  receiver  0.    The  pulp  is  supplied  to  the 
upper  rolls  through  a  spdht  proceeding  from  a  tank 
J.   The  jackets  hold  the  ores  to  the  rollers  for  a  spe- 
cific portion  of  their  revolution. 

ADAJfs  AND  WoRTHiNGTON,  February  12,  1864. 
This  invention  consists  in  pulverizing  the  quartz  or 
metalliferous  substances  containing  precious  metals 
to  an  impalpable  powder,  and  precipitating  and 
discharging  this  aust  either  in  a  calcined  or 
otherwise  prepared  condition,  in  order  to  isolate 
the  metallic  particles  from  their  sulphurous 
or  other  foreign  combinations,  into  an  atmos- 
phere of  hot  vapor  of  quicksilver.  On  the  up- 
per end  of  a  vertical  stationary  cylinder  is  fitted 
a  short  cylinder,  which  is  made  to  turn  therein, 
the  same  being  provided  with  a  screen  or  hopper. 
Below  the  stationary  cylinder  is  a  pan  in  which 
stirrers  are  made  to  operate.  Communicating 
with  the  main  cylinder,  by  means  of  a  tube  placed 
a  little  below  the  screen  in  the  upper  cylin- 
der, is  a  furnace  or  still  for  distilling  the  Quick- 
silver which  falls  with  the  calcined  particles  of 
ore  through  the  stationary  cylinder. 

Day,  September  26,  1865.  The  retort  is  set 
in  a  furnace  A^  and  delivers  fumes  of  mercury 
into  the  vertical  tube  Z).  The  pulveriaed  ore 
from  the  hopper  C  is  delivered  by  a  feed- wheel 
in  graduatea  quantities,  and  falls  the  length  of 
the  tube,  at  the  lower  end  of  which  it  is  deliv- 
ered by  a  discharge-wheel,  so  that  the  fumes 
may  not  escape.  The  length  of  the  tube  may 
be  such  as  is  found  sufficient  for  the  purpose. 
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and  the  respective  wheels  E  F  are  connected  by  a 
driving-chain.  The  particles  of  the  precious  metals 
combine,  in  falling,  with  the  mercurial  fumes  with 
which  the  tube  is  charged. 

Hall,  December  27,  1864.  This  invention  con- 
sists of  a  series  of  curved  pipes  connected  with 
quicksilver  basins  in  such  a  manner  that  the  lower 
end  of  the  upper  pipe  and  the  upper  end  of  the 
second  pipe  wUl  enter  the  bottom  of  the  first  basin, 
the  end  of  the  other  pipe  extending  slightly  above 


HaWx  Amalgamator. 


the  bottom  of  the  vessel.  The  lower  end  of  the 
latter  pipe  and  the  upper  end  of  the  pipe  A  enter 
the  bottom  of  the  pan,  and  so  on  throughout  the 
whole  series. 

He  claims  an  apparatus  for  separating  gold  from 
foreign  substances,  composed  of  a  scries  of  bent  pipes 
or  tubes  combined  by  means  of  a  series  of  connect- 
ing-basins containing  quicksilver. 

To  aid  the  process  of  amalgamation  various  pro- 
cesses have  been  adopted  to  render  desulphurization 
by  roasting  more  effective,  among  whicn  may  be 
cited  the  following  :  — 

Raht,  August  21,  1866,  forces  air  through  the 
mass  of  fused  metal,  to  remove  sulphur,  arsenic,  and 
antimony.  The  apparatus  may  be  similar  to  the 
"  Bessemer." 

Ryerson,  August  14,  1866.  The  ores  are  heated 
in  a  muffle  in  the  presence  of  a  current  of  air; 
behind  each  muffle  is  a  passage  in  which  binoxide 
of  nitrogen  is  generated,  whicn  mixes  with  the  air 
and  sulphurous  acid  passing  from  the  muffles  ;  the 
mixture  is  driven  by  fans  into  receivers  in  company 
with  a  steam-jet.  The  receivers  are  charged  with 
ore  previously  desulphurized  in  the  muffles.  The 
sulphurous  acid  is  converted  into  sulphuric  acid, 
and  combines  with  the  base  metals  in  the  receiver  ; 
the  sulphates  are  dissolved  out  by  water,  leaving 
the  gold  free  ;  the  silver  may  by  the  usual  method 
be  afterwards  precipitated  from  the  solution  of 
mixed  sulphates. 

Whelpley  and  Storer,  September  11,  1866. 
In  this  process  the  chemical  reagents  are  blown  in  a 
finely  divided  state  upon  the  heated  ore  by  means 
of  a  blast  of  air  or  steam.  The  interior  of  the  fur- 
nace is  stated  to  have  an  atmosphere  charged  with 
**  coal  in  aerial  or  air-borne  combustion." 

Fleury,  July  3,  1866,  mixes  the  sulphurets 
or  tailings  with   coal-dust,   and   bakes  them  into 


a  metalliferous  coke.  This  is  ^und,  heated,  and 
treated  with  steam,  after  which  it  is  amalgamated. 

Brower  and  Campbell,  January  23,  1866.  The 
ores  are  smelted  with  a  suitable  flux,  such  as  carbo- 
nate of  soda,  and  the  fused  mass  precipitated  into 
cold  water,  to  disintegrate  the  mass  and  expel  the 
sulphur. 

Whelpley  and  Storer,  September  11,  1866. 
The  cylindrical  vessel  is  connected  with  a  hopper  at 
one  end,  an  exhaust-pipe  at  the  other  end,  and  has 
a  series  of  rotary  agitating  arms  attached  to  a  shaft 
passing  through  the  said  cylinder.  The  hopper  has 
a  grating  and  a  feed-brush.  Air  may  be  admitted 
to  the  cylinder  through  a  grating. 

The  inventors  claim,  first,  brightening  metallic 
particles  in  finely  pulverized  and  desulphurized 
ores,  when  such  brightening  is  effected  on  the  prin- 
ciple of  mutual  attrition  m  a  cylinder  alternately 
closed  during  the  brightening  process,  and  opened 
to  set  free  the  charge  by  means  of  a  valve  in  the 
exhaust-pipe,  intending  to  claim  for  this  end  the 
principle  of  alternately  closing  and  opening  the 
cylinder,  so  as  to  do  the  work  in  a  close  cylinder, 
as  well  as  the  combination  of  the  cylinder- valve 
and  exhaust-pipe  for  the  purpose  and  substantially 
as  described. 

A  fine  grating  prevents  in  the  feed-hopper  the 
passage  of  any  but  very  fine  dust  into  the  cylinder. 

In  their  patent  of  June  13,  1865,  they  separate 
metals  from  mixtures  of  earth  and  metal  by  the 
action  of  gravity  in  counteraction  to  currents  of 
air  in  an  upright  pulverizing-mill,  the  air  mov- 
ing upward  to  carry  off  the  finer  dust  of  earthy 
matter,  while  the  metal  falls  by  its  superior  gravity. 

Within  the  cylindrical  case  is  a  revolving  shaft 
provided  with  blades.  The  case  is  provided  with  a 
nopper  and  an  air-aperture  at  the  top,  and  an  air- 
outlet  and  an  outlet  for  the  ore  through  the  con- 
ductor at  the  bottom.  The  conductor  communicates 
with  a  box,  which  is  provided  with  an  air-aperture 
and  door.  This  box  communicates  with  another 
box  by  means  of  a  pipe,  the  latter  box  being  also 

{)rovided  with  an  air-aperture  and  a  door.  A  tube 
eads  from  this  latter  box  to  the  center  of  a 
spray-wheel  which  is  contained  in  a  box,  the  bot- 
tom of  which  is  covered  with  water,  and  the  said 
box  is  provided  with  shelves  in  the  upper  part. 

The  same  inventors  have  an  apparatus  for  desul- 
phurizing ores,  by  roasting,  while  falling  through  a 
chimney  above  a  furnace. 

Electric  action  has  been  called  into  play  to  secure 
the  deposit  of  gold  and  silver  from  the  earthy  mat- 
ters with  which  it  is 

associated,  and  has  ^*K  175. 

also  been  used  to 
energize  the  action 
of  the  amalgam. 

Corson,  May  5, 
1868.  The  ores  are 
contained  in  an  in- 
sulated pan  or  bar- 
rel, and  subjected 
to  electric  action 
therein.  The  bat- 
tery is  formed  in 
the  pan,  and  is  in- 
dependent of  ex- 
terior influences, 
theanodeand  cath- 
ode being  expased 
in  the  slime  and 
amalgam,  and  con- 
nected by  a  metal- 
lic strip.  Corson's  Amalgamator. 
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For  other  adaptations  of  Electro-Metallurgy  to 
the  collection  of  the  precious  metals,  see  Gold  and 
Silver,  Electro-met alluroic  Processes  for 
Collection  of. 

In  Rybrson's  apparatus,  June  4,  1861,  the  sub- 
stance containing  the  gold  and  silver  is  introduced 
into  the  cylindrical  vessel,  provided  with  a  hemi- 
spherical or  dished  bottom,  in  a  finely  divided  state, 
together  with  mercury  and  water.  Superheated 
steam  is  introduced  by  the  coiled  pipe  into  the  bot- 
tom, of  the  vessel,  escaping  into  the  mass  by  a  series 
of  small  holes.  The  vapor  of  the  mercury  is  con- 
densed against  the  bottom  of  the  cover  of  the  vessel, 
and  falls  in  a  finely  divided  state  through  the  mass. 

The  extraction  of  the  precious  metals  by  immers- 
ing the  powdered  ore  in  a  lead -bath  has  been  called 
amalgamation,  but  the  term  is  incorrect ;  it  forms 
an  alloy,  not  an  amalgam.  It  will  be  considered 
under  Lead  Process  for  Extraction  of  Pre- 
cious Metals. 

Bursill's  English  patent  of  Febmary  12,  1853, 
describes  a  mode  which  partakes  of  a  combination 
of  the  mercurial  and  lead  processes,  and  may  be  men- 
tioned here. 

He  treats  auriferous  and  argentiferous  ores  with 
an  amalgam  formed  by  the  union  of  mercury  with 
a  readily  fusible  alloy  of  lead  and  bismuth  ;  or  lead, 
bismuth,  and  tin.  The  ore  is  immersed  in  the  bath 
of  molten  m^tal. 

The  lead  process  preceded  the  mercurial,  at  least 
on  this  continent,  having  been  practised  from  time 
immemorial  by  the  Indians  of  Peru. 

Heister's  new  process  for  the  reduction  of  ar- 
senical sulphurets  and  other  refractory  ores  is  thus 
described  by  the  San  Francisco  Times.  **To  all 
outward  appearance  the  machine  is  very  simple, 
consisting  of  three  barrels,  one  of  cast-iron  and  two 
of  wood.  The  iron  cylinder  is  about  half  filled  with 
sulphurets  or  pulverized  ore,  and  revolved  over  a 
moderate  fire  for  an  hour,  keeping  it  below  a  red 
heat.  The  ore,  having  been  thoroughly  heated 
through,  is  drawn  out  into  a  wooden  cylinder,  and 
ten  per  cent  of  quicksilver  added,  and  the  opening 
then  made  air-tight,  to  prevent  the  fumes  of  the 

guicksilver  from  escaping.  After  revolving  for  two 
ours,  the  ore  and  quicksilver  are  found  to  be 
intimately  mixed  togetner,  and  the  gold  and  silver 
amalgamated.  The  charge  is  then  drawn  off  into 
the  third  barrel  and  diluted  with  water,  and  after 
revolving  for  two  hours  the  quicksilver  and  amal- 
gam are  drawn  off.  The  secret  of  this  process  is  in 
this  last  barrel,  used  as  a  settler  ;  for,  in  every  in- 
stance, with  the  most  refractory  arsenical  sulphu- 
rets, and  with  combinations  of  lead  and  iron,  the 
quicksilver  is  found  at  the  bottom,  collecting  and 
forming  an  amalgam  containing  over  ninety  per  cent 
of  the  gold  and  silver,  while  the  only  appreciable 
loss  in  quicksilver  in  a  month's  working  was  what 
was  §pilt  by  carelessness  outside.  The  cost  of  working 
five  tons  a  day  ought  not  to  exceed  $  30.  A  five- 
hoi-se  engine  would  give  an  excess  of  power,  and  by 
grading  the  barrels  properly  two  common  laborers  on 
a  shift  could  keep  the  machine  going  to  full  capacity. " 
A  process  said  to  yield  excellent  results  was 
described  in  the  "  Alta  Califomian  "  of  August  30, 
1866.  See  also  "American  Journal  of  Mining" 
(now  the  "Engineering  and  Mining  Journal  '), 
Vol.  II.  p.  48  ct  seq. 

•*  The  dry  rock  is  crushed,  and  afterward  submitted 
to  the  action  of  balls  in  a  drum  to  insure  full  pulver- 
ization, it  being  desirable  that  the  powder  should  ap- 
proach as  near  the  fineness  of  wheat-flour  as  possible. 
A  charge  of  this  powdered  quartz  is  then  placed  in 
an  air-tight  cylinder,  the  interior  of  whicn  is  fur- 


nished with  a  worm  of  pipes  to  convey  superheated 
steam  therein.  Added  to  the  chai^  is  a  given 
quantity  of  quicksilver,  which  is  first  heated  by 
tne  introduction  of  ordinary  steam  ;  the  super- 
heated steam  is  then  turned  on,  and  the  whole 
seethed  or  boiled  for  an  allotted  period.  On  the 
top  of  this  cylinder  a  water-bath  is  placed,  and  as 
the  mercurial  vapors  rise  they  become  condensed. 
Thus  the  system  of  thoroughly  impregnating  the 
crushed  rock  with  quicksilver  is  carriS  out  with 
efficiency.  After  thus  cooking,  the  cylinder  door  is 
opened,  and  the  whole  mass  dischai-ged  upon  a 
novel  shaking- table,  which  is  worked  by  the  power 
of  the  steam  employed  in  the  previous  operation. 
This  table  is  built  of  copper  on  a  wooden  frame,  with 
rollers  and  rifiles  of  peculiar  construction,  which, 
when  it  is  in  motion,  give  the  water,  amalgam,  and 
dust  the  same  action  as  the  ocean-surf,  —  an  under- 
tow. As  the  mass  descends,  the  amalgam,  from  its 
metallic  weight,  gradually  clears  itself  from  the 
quartz-dust,  and  the  result  is,  that  it  is  all  col- 
lected in  the  troughs  of  the  riffles,  containing  every 
particle  of  metal,  be  it  precious  or  base,  the  quartz 
holds.  The  mode  of  applying  super-heated  steam 
to  the  crushed  rock  desulphurizes  it,  freeing  the 
metals,  and  all  that  is  necessary  is  to  retort  the  . 
amalgam  to  obtain  the  result  of  the  yield." 

The  "Journal  of  Mining,"  August,  1868,  mentions 
the  following  as  a  reported  success,  but  without 
vouching  for  it :  "Zinc  added  in  small  quantities  to 
the  quicksilver  used  in  amalgamation  augments,  in 
a  remarkable  degree,  the  retentive  i>ower  of  the  latter 
for  gold  and  silver.  It  is  stated  that  one  ounce  of 
zinc,  or  less  even,  should  be  used  to  ten  pounds  of 
quicksilver.  The  action  in  this  case  is  said  to  be 
about  the  same  as  when  sodium  amalgam  is  em> 
ployed.  The  beneficial  result  is  thought  to  lie  in 
the  fact  that  zinc  has  a  tendency  to  crystallize  in  a 
needle  or  barb-like  fonn  ;  hence,  when  disseminated 
in  minute  particles  through  the  quicksilver,  the 
power  of  the  latter  to  take  up  tlie  atoms  of  gold  and 
silver  with  which  it  may  be  brought  in  contact 
becomes  very  much  intensified.  This  method  of  in- 
creasing the  efficiency  of  the  amalgamation  process  is 
said  to  nave  been  in  vogue  in  the  Mexican  mines." 

Many  valuable  improvements  have  first  been  no- 
ticed in  the  current  journals  of  the  day,  the  "  Engi- 
neering and  Mining  Journal,"  "Scientific  Amer- 
ican," and  "  American  Artisan."  Books  and  their 
editors  cannot  keep  pace  with  the  march  of  improve- 
ment, which  is  incessant,  and  naturally  finds  its 
expression  in  these  scientific  papers.  See  also 
"Mines,  Mills,  and  Furnaces,"  bv  R.  W.  Raymond, 
United  States  Commissioner  of  Mining  Statistics  : 
J.  B.  Ford  &  Co.,  New  York. 

A-mal'gam,  E-leo'tri-oaL  For  covering  the 
cushions  of  electrical  machines. 

Zinc,  1  oz.  ;  grain  tin,  1  oz.  ;  melt  in  an  iron  ladle, 
and  add  mercury,  2  oz.  Stir  with  an  iron  rod,  pour 
into  a  wooden  box  chalked  on  the  inside,  and 
agitate  till  cold  ;  or  stir  till  cold,  and  then  powder. 

The  powder  is  spread  on  the  cushion,  which  is 
previouslv  smeared  with  tallow. 

A-mal'gam  Gild'ing.    Grain  gold,  1  ;  mercury 
8  ;  unite  by  gentle  heat  and  stirring. 

In  using,  first  rub  the  brass,  copper,  etc.,  with  a 
solution  of  nitrate  of  mercury,  and  then  spread  a 
film  of  amalgam.  Heat  volatilizes  the  mercury  and 
leaves  the  gold  behind. 

A-znal'gam  Ma-nip'u-la'tor.  A  dentist's  in- 
strument to  facilitate  the  preparation  of  amalgam  for 
filling  excavations  in  canons  teeth.  It  has  a  cup 
at  one  end  for  taking  up  the  desired  amount  of 
filings  of  powder,   and  a   curved    spatula  at  thu^ 
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other  end    for  combining  the  mercury  with  tiie 
filings  and  packing  it  in  the  cavity. 

A-xnal'gam  Sil'ver-lng.  Silver,  1 ;  mercury, 
8  ;  mix  with  heat,  and  stir  as  with  gold. 

Apply  as  the  gold  amalgam,  previously  using  a 
wash  of  nitrate. 

For  silvering  the  insides  of  hollow  glass  vessels, 
globes,  convex  mirrors,  etc.  :  — 

Lead,  tin,  and  bismuth,  each  1  part ;  melt,  mix, 
and  cool  to  the  lowest  point  at  which  the  alloy  will 
remain  fluid  ;  add  mercury,  10  oz.  Warm  the  glass, 
pour  in  the  amalgam,  and  roll  the  glass  round  and 
round.  The  amalgam  will  adhere  readily  at  a  cer- 
tain temperature. 

A-mal'gam  Var^nish.  Melt  grain  tin,  4  ;  bis- 
muth, 1 ;  add  mercuiy,  1  ;  and  stir  till  cold.  Grind 
fine  with  white  of  egg  or  varnish. 

A-man'do-la.  A  green  marble  having  the  ap- 
pearance of  a  honey-comb. 

Axn-a-sette'.  A  horn  instrument  for  collecting 
painters*  colors  on  the  stone. 

Am^be.    A  raised  stage  for  a  rostrum. 

An  old  chirurgical  machine  invented  by  Hippo- 
crates for  reducing  luxations  of  the  shoulder. 

AmHsro-type.  A  picture  taken  on  a  plate  of 
prepared  glass,  in  which  the  lights  are  represented 
in  silver,  and  the  shades  are  produced  by  a  dark 
background,  visible  through  the  unsilvered  portion 
of  the  glass.  —  Webster.     See  Photography. 

Aml>a-lanoe.  Late  events  in  the  United  States 
have  directed  attention  to  means  for  the  trans- 
portation and  care  of  the  sick  and  wounded.  Deal- 
mg  strictly  with  the  mechanical  aspects  of  affairs, 
it  may  be  stated  at  once  that  ambulances  are  of  three 
kinds,  four-wheeled,  two- wheeled,  and  those  adapted 
for  i)ack -saddles. 

Fig.  176. 


MoxeiCs  Ambulance. 


Moses,  September  28,  1858.  The  sectional  fold- 
ing-seats are  arranged  along  the  sides,  and  may  be 
converted  into  coucnes.  Hammocks  form  an  upper 
tier  for  patients.  An  adjustable  door  serves  for 
a  table.  The  surgeon's  medicines  and  implements 
are  carried  in  cases,  which  fit  in  and  under  the 
seats,  or  in  drawers  under  the  body  of  the  vehicle. 
The  water-keg  is  su8j)ended  beneath  the  rear,  its 
faucet  defended  by  the  step. 

McKean,  October  11,  1864.  The 
stretchers  are  run  in  longitudinally  up- 
on rollere,  which  rest  upon  a  false  bot- 
tom suspended  by  rubber  springs  from 
the  sides  of  the  carriage.  The  water- 
vessel  is  sufficiently  elevated  to  supply 
the  wounded  by  a  flexible  pipe  wnich 
is  under  their  control.  A  fan  is  sus- 
pended from  the  roof.  The  side-slats 
are  vertical  and  are  controlled  by  a  sin 
gle  rod  ;  their  beveled  edges  enable  thei 
to  shut  closely  and  present  plane  exte- 
rior and  interior  surfaces. 

Arnold,  April  5,  1864,  suspends  his 
cots  upon  pivots,  which  enable  them  to 
swing  in  accordance  with  the  inclina- 


tion of  the  ground,  so  as  to  avoid  the  rolling  mo- 
tion of  the  patient.  The  pivots  themselves  rest  on 
springs,  whioh  give  some  resiliency  when  the  car- 
nage receives  vertical  motion,  and  thereby  lessen 
the  jar. 

RucKER,  Allen,  and  Smith,  November  6,  1866. 
This  is  a  double  or  single  tier  ambulance.  Each 
couch    of    the  y.    y^ 

lower  tier  is  di- —^  *    - 

vided  longitu- 
dinally and 
hinged.  It 
may  lie  flat 
upon  the  floor, 
while  the  upper 
tier  is  occu- 
pied by  other 
patients;  or  it 
may  be  bent  so 
as  to  form  a 
seat  and  sup- 
port, while  the 
stretchers  of  the 
upper  tier  are 
placed  on  edge 
against  the  car- 
riage sides  and  —  — 
form  backs  for  ^•^^'  ^'*»  *^  ^^'*  ^^''^•^ 
the  seats.    The  sides  are  separately  adjustable. 

The  two-wheeled  ambulances  are  spring  carts 
with  provision  for  recumbent  or  sitting  patients. 

Hayward,  May  16,  1865.  The  stretchers  may 
be  adjusted  for  recumbent  or  sitting  patients,  the 
legs  operating  to  support  them  in  eitner  capacity 
w"hen  the  stretchers  rest  on  the  ground.  The  pack- 
saddle  has  wedge-shaped  sockets  to  receive  cor- 
responding wedge-shaped  blocks  on  the  legs  of  the 
stretchers. 

SiJs,  1863,  WiLKiNS,  1864,  Slatter,  1865,  and 
others  have  patented  improvements  which  might  be 
cited  would  room  permit. 

This  description  of  service  was  brought  to  great 
eflSciency  by  Baron  Larrey,  during  the  wars  of 
Napoleon  I.  The  experience  was  almost  lost  in  the 
peace  interval,  judging  by  the  ambulance  arrange- 
ments in  the  Crimea,  1854.  At  the  battle  of  tne 
Alma,  in  which  1,986  British  and  1,360  French 
were  killed  or  wounded,  the  generals  of  both  armies 

Pig.  178. 


HaywartTs  Ambulance. 
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appear  to  have  been  taken  by  surprise.  The  Eng- 
lisn  were  least  efficient,  the  French  improvised 
chairs  or  panniers  slung  over  the  baoks  or  mules, 
like  one  of  the  illustrations  preceding.  Our  own 
service,  1861  -65,  was  well  performed,  after  things  got 
in  running  order.  Perhaps  the  Crimean  heroes  might 
say  the  same,  with  the  concluding  proviso. 

Am'bii-la'tor.  Sometimes  called  a  perambulator. 
An  instrument  for  measuring  distances.  See  Odome- 
ter. The  word  "  ambulator  *  is  often  erroneously  ap- 
plied to  a  velocipede,  and  to  a  traction-engine,  whose 
mode  of  propulsion  is  by  oscillating  bars  whose  feet 
come  in  contact  with  the  around  in  somewhat 
similar  maimer  to  the  natural  action  of  the  legs  of 
animals  or  of  man.  The  light  carriages  driven  by 
hands  or  feet  will  be  considered  under  the  heading 
Velocipede.     See  also  Traction-engine. 

A-merl-oan  Leath'er.  An  enameled  cloth  im- 
itating leather. 

Aml-oi's  Prism.  A  glass  prism  mounted  be- 
neath the  stage  of  a  microscope  to  obliquely  illu- 
minate an  object  beneath  the  stage.  The  prism  has 
a  flat-bottom  side  and  two  lenticular  siaes,  com- 
bines the  refracting  and  reflecting  powers,  and 
throws  a  converging  pencil  of  rays  upon  the  object. 
It  has  three  adjustments  :  one  on  a  horizontal  axis 
to  direct  the  rays  upward  at  the  required  angle  ; 
one  for  distance  from  the  axis  of  the  microscope,  to 
vary  the  obliquity ;  one  by  rotation  on  a  vertical 
axis,  to  determine  the  direction  whence  the  rays 
shall  proceed. 

Am'ma-ni'ao-al  Bn'g^e.  This  motor  seems  to 
be  yet  in  an  inchoate  state,  but  has  received  some 
attention  in  Europe.  The  machine  described  is  the 
invention  of  M.  Froment.  The  London  **  Mechanics' 
Magazine"  thus  refers  to  it  (it  appears  to  have 
been  at  work  —  or  rather  in  action,  for  it  was 
not  usefully  employed  —  at  the  Paris  Exposition)  : 
"Strong  liquid  ammonia  is  used  in  the  boiler,  and 
the  vapor  generated  is  said  to  be  a  mixture  of  at 
least  eighty  parts  of  ammoniacal  gas  and  twenty 
parts  of  steam,  so  it  may  be  fairly  called  an  ammo- 
niacal engine.  The  principal  recommendations  of 
ammonia,  when  applied  as  a  motive-power,  consist 
in  the  small  amount  of  fuel  required,  and  tie  short 
time  it  takes  to  get  up  the  steam,  so  to  speak.  The 
economy  in  fuel  is  very  considerable,  being  about 
one  fourth  of  that  required  to  generate  steam  alone. 
As  regards  the  boiler,  it  may  be  of  either  of  the 
ordinary  forms,  the  only  complete  novelty  being 
the  apparatus  for  condensing  the  steam  and  ammo- 
nia. The  gas  disengaged  (about  six  atmospheres  at 
110**  Centigrade  with  an  ordinary  solution  of  ammo- 
nia) does  its  work  in  the  cylinder  and  then  escapes 
into  the  tubes  of  a  condenser,  where  the  steam  is 
condensed  and  the  gas  is  cooled.  The  gas  then 
meets  with  a  cold  fiquid  from  an  injector,  which 
dissolves  it,  and  the  solution  is  carried  on  into 
a  vessel  called  the  *dissolver,'  from  which  it  is 
pumped  back  into  the  boiler  to  do  its  work  over 
a^in.  The  liquid  for  the  injector  is  taken  from 
the  boiler,  ana  is  cooled  before  meeting  with  the 
ammoniacal  gas  by  passing  through  a  worm  sur- 
rounded with  cold  water." 

*' Ammonia,  at  the  temperature  of  our  atmos- 
phere, is  a  permanent  gas  of  well-known  pungent 
odor.  It  is  formed  by  the  union  of  three  volumes 
of  hydrogen  to  one  of  nitrogen,  condensed  into  two 
volumes.  Its  density  is  696  ;  air  being  1,000.  The 
density  of  the  liquid,  compared  with  water,  is  76, 
or  about  one  quarter  lighter  than  that  liquid.  I.ts 
vapor  at  60"*  Fahr.  gives  a  pressure  of  100  pounds 
to  the  square  inch,  while  water,  to  give  an  equiva- 
lent pressure,  must  be  heated  to  825*  Fahr.     The 


volume  of  ammoniacal  gas  under  the  above-named 
pressure  is  983  times  greater  than  the  space  occu- 
pied by  its  li(|uid,  while  steam,  imder  identical 
pressure,  occupies  a  space  only  303  times  greater 
than  water."  —  Annals  of  Chemistry  (French). 

*'  Ammoniacal  ^as,  which  is  an  incidental  and 
abundant  product  in  certain  manufactures,  especially 
that  of  coal-gas,  and  which  makes  its  appearance  in 
the  destructive  distillation  of  all  animal  substances, 
is  found  in  commerce  chiefly  in  the  form  of  the  aque- 
ous solution.  It  is  the  most  soluble  in  water  of  %11 
known  gases,  being  absorbed,  at  the  temperature 
of  freezing,  to  the  extent  of  more  than  a  tnousand 
volumes  of  gas  to  one  of  water ;  and  at  the  tempera- 
ture of  50"  Fahr.,  of  more  than  eight  hundred  to 
one.  What  is  most  remarkable  in  regard  to  this 
property  is  that,  at  low  temperatures,  the  solution 
18  sensibly  instantaneous.  This  may  be  strikingly 
illustrated  by  transferring  a  bell-glass  filled  with 
the  gas  to  a  vessel  containing  water,  and  mana^g 
the  transfer  so  that  the  water  may  not  come  into 
contact  with  the  gas  until  after  the  mouth  of  the 
bell  is  fully  submerged.  The  water  will  enter  the 
bell  with  a  violent  rush,  precisely  as  into  a  vacuum, 
and  if  the  gas  be  ^uite  free  from  mixture  with  any 
other  gas  insoluble  m  water,  the  bell  will  inevitably 
be  broken.  The  presence  of  a  bubble  of  air  may 
break  the  force  of  tne  shock  and  save  the  bell. 

"This  gas  cannot,  of  course,  be  collected  over 
water.  In  the  experiment  just  described,  the  bell 
is  filled  by  means  of  a  pneumatic  trough  containing 
mercury.  It  is  transferred  by  passing  beneath  it  a 
shallow  vessel,  which  takes  up  not  only  the  bell- 
glass,  but  also  a  sufficient  (Quantity  of  mercury  to 
keep  the  gas  imprisoned  until  the  arrangements  for 
the  experiment  are  completed. 

"The  extreme  solubility  of  ammoniacal  gas  is, 
therefore,  a  property  of  which  advantage  may  be 
taken  for  creating  a  vacuum,  exactly  as  the  same 
object  is  accomplished  by  the  condensation  of  steam. 
As,  on  tlie  other  hand,  the  pressure  which  it  is 
capable  of  exerting  at  given  temperattires  is  much 
higher  than  that  which  steam  affords  at  the  same 
temperatures ;  and  as,  conversely,  this  gas  requires 
a  temperature  considerably  lower  to  produce  a  given 
pressure  than  is  required  by  steam,  —  it  seems  to 
possess  a  combination  of  properties  favorable  to  the 
production  of  an  economical  motive-power. 

"Ammonia,  like  several  other  of  the  gases  called 
permanent,  may  be  liquefied  by  cold  and  pressure. 
At  a  temi)erature  of  38.5''  C,  it  becomes  liquid  at 
the  pressure  of  the  atmosphere.  At  the  boiling- 
point  of  water  it  requires  more  than  sixty-one 
atmospheres  of  pressure  to  reduce  it  to  liquefaction. 
The  same  effect  is  produced  at  the  freezing-point  of 
water  by  a  pressure  of  five  atmospheres,  at  21*  C. 
(70"  Fahr.)  by  a  pressure  of  nine,  and  at  38*  C. 
(100*  Fahr.)  by  a  pressure  of  fourteen."  —  Barnard, 

Lamm's  Ammonia  Engine  is  driven  by  the  ex- 
panding pressure  of  liauefied  ammonia,  and  b  spe- 
cially ^apted  for  small  powers,  especially  portable 
engines  for  street  cars,  etc.  The  ammonia  is  to  be 
liquefied  at  a  central  station,  at  which  the  reservoirs 
on  the  cars  receive  their  supply. 

The  engine  is  driven  by  the  force  of  the  gas  upon 
the  piston,  and  the  gas  is  exhausted  into  a  body  of 
water  surrounding  the  gas  reservoir.  The  absorption 
of  the  gas  by  the  water  is  instantaneous,  and  the 
water  derives  an  increment  therefrom  which  is 
imparted,  through  the  walls,  to  the  contents  of  the 
reservoir.  See  "  Engineering  and  Mining  Journal," 
Vol.  X.  p.  65. 

Am-mo'ni-iun.  '  The  hypothetical  metallic  base 
of  ammonia.     Equivalent,  18  ;  symbol,  NH*.     Only 
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known  in  its  combination  with  mercury  as  an 
amalgam. 

The  salts  of  this  metal,  volatile  and  otherwise,  are 
used  in  pharmacy,  chemistry,  and  as  stimulants. 

Axn'mu-ni'tioii.  In  its  most  comprehensive 
signification,  this  includes  artillery  and  small-arm 
projectiles  with  their  cartridges  and  the  percussion- 
caps,  friction-primers,  etc.,  by  means  of  which  they 
are  fired  ;  also  war-rockets  and  hand-grenades.  For 
Artillery,  when  the  projectiles,  their  cartridges, 
primers,  etc.,  are  packed  in  the  same  box,  it  is 
designated  in  the  IT nited  States  service  as  fixed  am- 
munilion ;  this  is  the  description  furnished  for  field 
and  rifled  siege  artille^3^  For  larger  calibers,  the 
projectiles  and  cartridges  are  put  up  in  separate 
boxes,  round  solid  shot,  however,  being  generally 
transported  loose. 

Up  to  12-pounders  for  smooth-bore  ordnance  the 
cartridge  is  attached  to  the  projectile  ;  above  that 
caliber  the  shell  or  case-shot  are  filled,  the  fuse  in- 
serted^ and  the  sabot  attached  ;  in  this  case,  the  pro- 
jectile is  said  to  be  strapped;  shells  of  8-inch  caliber 
and  upwards  are  seldom  filled  previous  to  issue,  this 
operation  being  performed  as  they  are  required  at 
the  place  where  they  are  used.  Projectiles  for 
rifled  artillery  are  always  separate  from  their  car- 
trid^. 

Fixed  ammunition  for  field  artillery  is  put  up 
in  boxes  of  uniform  size  for  each  caliber,  each  con- 
taining a  given  number  of  rounds,  viz.  :  — 

Smooth-bore  6-pounder  gun        .         .  li 

Smooth-bore  12-pounder  gun  .         .  8 

Smooth-bore  12-pounder  howitzer       .  12 

Smooth-bore  24-pouuder  howitzer    .  6 

Smooth-bore  32-pounder  howitzer       .  4 

Rifled-bore  3-incn'or  10-pounder  gun  10 

Ammunition  for  small-arras  is  known  in  the  United 
States  service  as  small-ann  cartridges.  In  these  the 
ballet  and  cartridge  are  invariably  put  up  together 
in  boxes  of  1,000,  except  some  descnptions  of 
patented  cartridges,  whicn  are  put  up  in  boxes 
containing  600  or  1,200,  and  repeating-cartridges,  as 
Spencer's,  in  which  the  box  is  made  to  contain  a 
multiple  of  the  number  which  fills  the  breech - 
chamber. 

Rules  have  been  laid  do^^-n  for  determining  the 
proper  supply  of  ammunition  of  each  description  for 
an  army  m  the  field. 

That  assumed  by  the  British  authorities  allows 
300  small-arm  cartridges  .per  man  for  six  months' 
operations  ;  of  which  an  army  of  60,000  men  should 
have  2,680,000  with  them,  besides  those  in  reserve. 

This  amount  is  understood  to  be  in  addition'  to 
that  carried  in  the  cartridge-boxes  of  the  men,  60 
rounds  each  in  the  case  of  an  infantry  soldier. 

The  wagons  for  this  service  are  intended  to  carry 
20,000  rounds  each,  and  are  drawn  by  four  horses. 
Several  wagons  are  organized  into  an  equipment 
under  the  charge  of  a  detachment  of  artillery  ; 
several  such  equipments  would  be  attached  to  an 
army  of  60,000  men,  one  for  each  division  of  infan- 
try and  a  proper  proportion  for  the  cavalry  ;  the 
remainder  being  in  reserve. 

The  proportion  given  in  the  United  States  Ord- 
nance Manual  is  100  rounds  for  each  man,  40  rounds 
in  the  cartridge-box,  and  the  remainder  in  reserve 
for  infantry. 

Ammunition  for  cannon  :  200  rounds  for  each 
piece,  both  of  the  reserves  and  active  batteries  ;  the 
ammunition  which  cannot  be  carried  in  the  chests 
of  the  caissons  to  be  kept  with  the  reserves. 

During  our  late  civil  war  it  is  believed  that,  where 
at  all  practicable,  the  amount  of  readily  accessible 


ammunition,  both  for  artillery  and  small-arms,  was 
kept  largely  in  excess  of  the  above  standard. 

A  supply-train,  under  the  char^  of  an  ordnance- 
officer,  was  attached  to  each  division,  from  which 
issues  were  made  as  required  to  the  company  or 
regimental  officers,  upon  properly  approved  requi- 
sition. 

The  wagons  of  which  these  trains  were  com- 
posed were  generally  drawn  by  six  horses  or  mules, 
and  were  capable  of  carrying  from  40,000  to  60,000 
rounds  of  small-arm  cartridges,  or  an  equal  weight 
of  artillery  ammunition. 

See  Weapons  ;  Projectiles.   • 

Am'mn-nition-cheBt.  The  box  in  which  the 
fixed  ammunition  for  field  cannon  is  packed.  One 
is  carried  on  the  limber  of  the  gun-carriage,  and  one 
on  the  limber  and  two  on  the  body  of  each  caisson. 

The  chest  is  of  walnut,  and  has  a  hinged  lid, 
which  is  covered  with  sheet  copper  ;  it  is  lastened 
by  means  of  a  hasp  and  tumbuckle,  and  secured 
by  a  padlock. 

The  interior  dimensions  are  40  inches  long,  18 
inches  wide,  and  14J  inches  deep  ;  and  it  is  divided 
into  compartments  varying  in  number  from  12  to 
60,  acconiing  to  the  caliber  of  the  gun,  by  longi- 
tudinal and  transverse  partitions. 

The  shot,  shell,  case,  and  canister,  with  their  car- 
tridges, are  inserted  in  these  compartments,  each  in 
a  separate  part  of  the  chest ;  and  over  these  is  fitted 
a  tray  for  containing  the  fuses,  friction-primers,  and 
small  implements  required  for  the  service  of  the 
piece. 

The  chest  is  fastened  in  position  by  means  of 
stny-pins  and  keys^  and  is  readily  removed  or  re- 
placed. 

Am'phl-type.  The  amphitype  process  in  pho- 
tography is  an  application  of  the  calotype  process, 
taking  its  name  from  the  fact  of  negative  and  posi- 
tive pictures  being  produced  by  one  process.  It 
originated  with  Sir  John  Herschel.  —  PhctograpkU 
Netcs. 

Am'pli-tnde  Com'pass.  An  azimuth  compass 
whose  zeros  of  graduation  are  at  the  east  and  west 
points,  for  the  more  ready  reading  of  the  amx)litude8 
of  celestial  bodies. 

Am-ptilla.  Any  vessel  haying  a  belly,  as  cucur- 
bit«,  receivers,  etc. 

Am'pn-ta'ting-knife.  A  long,  narrow-bladed 
knife  used  for  making  the  incisions  in  amputations. 
The  ancient  suigeons  endeavored  to  save  a  covering  of 
skin  for  the  stump  by  having  it  drawn  upward  pre- 
vious to  making  the  incision.     In  1679,  Lowdham, 

Fig.  179. 


Amputaiing-Knife. 

of  Fxeter,  England,  suggested  cutting  semicircular 
flaps  on  one  or  both  sides  of  a  limb,  so  as  to  pre- 
serve a  fleshy  cushion  to  cover  the  end  of  the  bone. 
Both  these  modes  are  now  in  use,  and  are  called  the 
**  circular"  and  the  "  flap  "  operations.  The  latter 
is  the  more  frequently  used. 

Amputation  was  not  practised  by  the  Greeks ; 
at  least,  Hippocrates  (B.  C.  460)  does  not  refer  to 
it  and  did  not  practise  it.  Celsus  notices  it 
(A.  D.  30).  Cautery,  pitch,  etc.  were  used  to  ar- 
rest the  bleeding.  The  needle  and  ligature  were 
introduced  about  1660,  by  the  French  suigeon  Per^. 
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He  was  surgeon  to  Henry  II.,  Francis  II.,  Charles 
IX.,  and  Henry  III.  of  France,  and  though  a  Protes- 
tant was  concealed  in  the  king's  chamber  on  the 
night  of  St.  Bartholomew.  The  king  is  said  to 
have  lemarked,  **  There  is  only  one  Per^."     A  com- 

Slete  set  of  sui^cal  instioinicuts  of  bronze  was 
iscovered  at  Pompeii.  The 'tourniquet  was  in- 
vented by  Morelli  in  1674. 

Basso-relievos  in  the  temples  of  Kamak,  Teutyra, 
and  Luxor  show  that  the  ancient  Egyptians  per- 
formed  amputations  of  limbs,  without  the  touniiquet, 
however,  or  the  mode  of  ligating  the  severed  arte- 
ries ;  it  is  merely  a  cutting  and  sawing,  followed  by 
the  cauteiy,  styptii^s,  or  compress. 

Tlie  chirurgeon .  of  ancient  times  was  principally 
employed  in  reducing  fractures  and  luxations,  in 
ti-eating  wounds,  applying  topical  remedies,  and  in 
the  application  of  simple  or  strange  drugs  with 
occult  charms  and  pow-wows. 

One  form  of  amputating-knife  found  at  Pompeii 
in  1819  had  a  thick  back  and  a  wavy  edge,  and 
is  supposed  to  have  been  used  by  the  blow  of  a 
mallet  on  its  back. 

Am'pu-ta'tiiig-saw.  Amputating-sawsare  mod- 
ifications of  the  tenon,  frairuy  johU,  and  cnmm  saws. 

They     are     of 


Fig.  180. 
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Amputating' Sawi. 


sizes  from  4  to 
14  inches  in 
length.  Some 
have  edges  more 
or  less  curved, 
and  the  smallest 
of  these  dwin- 
dle down  to  a 
nearly  circular 
?^  plate  of  steel 
less  than  one 
inch  in  diam- 
eter, serrated 
round  the  edge, 
except  where  a 
slender  shank 
terminating  in 
a  wooden  han- 
dle is  riveted 
to  the  edge  of 
the  saw- plate. 
These  are 
known  as  Hey 's 


saws,  and  are  used  in  making  exsections,  operating 
on  the  cranium  and  metacarpal  bones,  and  in  remov- 
ing carious  bones  from  deep-seated  places. 

Am'a-sette'.  A  stocked  gun  mounted  on  a 
swivel,  and  canying  a  ball  or  charge  of  buck-shot 
of  from  8  to  32  ounct*s'  weight. 

An'a-baB'ses.  {Fabric.)  A  coarse  blanketing 
made  in  France  for  the  African  market. 

An'a-Ola«'tio  Qlass.  A  sonorous,  flat-bellied 
glass  made  in  Germany,  having  a  thin,  flexible, 
slightly  convex  bottom,  which  is  capable  of  flapping 
back  and  forth  by  the  expiration  or  inspiration  of 
the  breath  when  the  mouth  is  applied  thereto.  As 
the  bottom  is  drawn  in  or  out  it  makes  a  loud 
crash. 

An'a-oos'ta.  {Fabric)  A  woolen  diaper  made 
in  Holland  for  the  Spanish  market. 

An  aes-thet'io  Ap'pa-ra'tus.  Anaesthesia  is  a 
term  made  use  of  in  medicine  to  denote  a  deprivation 
of  sensibility  to  external  impressions,  affecting  a 
part  or  the  whole  of  the  body.  In  some  nervous 
diseases  a  portion  of*  the  body  may  liecome  par- 
tially or  totally  insensible  to  pain,  while  the  sensi- 
bility of  another  part  may  become  excessively  acute, 
or  in  a  state  of  nyper»sthesia.     The  division  of  a 


nerve,  as  is  well  known,  produces  an  entire  depriva- 
tion of  sensibility  in  those  parts  of  the  body  de- 
pendent on  it. 

When  the  insensibility  is  confined  to  the  surface 
of  the  body  it  is  termed  peripheral ;  but  when  aris- 
ing from  a  cause  acting  on  the  brain  or  spinal  mar- 
row, from  one  or  the  other  of  which  all  the  nerves 
emanate,  it  is  called  central. 

Means  for  inducing  temporarily  either  of  these 
conditions  with  safety  to  the  patient  have  been  long 
sought  for  in  surgical  practice.  The  Indian  hemp. 
Cannabis  Indica,  was  anciently  employed ;  and  it 
appears  that  the  Chinese  employed  some  prepara- 
tion of  hemp  for  producing  insensibility  during 
surgical  operations,  more  than  fifteen  hundred  yeara 
ago.  Mandi-agora  was  used  by  the  Greeks  and 
Romans  for  the  same  purpose,  and  appears  to  have 
continued  in  use,  in  comoination  with  opium  and 
other  drugs,  so  late  as  the  thirteenth  century,  the 
patient  inhaling  the  vapor  from  a  sponge  saturated 
with  these  substances.  The  mandragora,  however, 
at  times  induced  convulsions,  and  though  mention 
is  made  of  its  amesthetic  powera  for  producing  a 
"  trance  or  a  dee]»e  terrible  dreame,"  in  operations 
for  the  stone,  towartl  the  close  of  the  sixteenth  cen- 
tury, it,  or  similar  tigents,  appeara  to  have  gradually 
gone  out  of  use. 

It  seems  a  little  singular  that  sulphuric  ether 
should  not  have  been  employed  for  the  pur|wse 
for  some  three  centuries,  unless,  as  has  been  sug- 
gested, it  is  the  substance  spoken  of  by  John  Bap- 
tista  Porta  of  Naples,  who  published  a  book  on. 
Natural  Magic  in  1597;  this  "quintessence"  was 
extracted  from  medicines  by  somniferous  "men- 
strua," and  was  kept  in  leaden  vessels  tightly 
closed  to  prevent  its  escape.  The  cover  being 
removed,  it  was  applied  to  the  nostrils  of  the 
sleeper,  who  was  thereupon  thrown  into  the  most 
profound  sleep,  etc.,  etc. 

In  1784,  Dr.  Moore  of  London  tried  the  expedi- 
ent of  compressing  the  nerves  of  a  limb  preparatory 
to  amputation  ;  but  this  caused  much  "pain. 

Narcotic  poisons  will  induce  anajsthetic  condi- 
tions of  the  body,  in  which  surgical  operations  may 
be  performed  without  apparent  pain  to  the  subject. 
The  same  is  true  of  alcohol.  The  peculiar  nervous 
condition  induced  by  what  is  called  animal  magne- 
tism has  also  produced  insensibility  to  pain,  during 
which  operations  have  been  i>erformed. 

The  modem  ansesthetic  agents  are  :  cold  applica- 
tions, protoxide  of  nitrogen  (laughing-gas),  cnloro- 
fonn,  ether,  amylene,  kerosolene. 

Sir  Humphiy  Davj'  suggested  the  use  of  protoxide 
of  nitrogen  as  an  aneesthetic  agent  in  surgical 
operations.  It  was  used  by  Dr.  Wells  of  Hartford, 
Conn.,  in  1844,  in  dental  oi)erations.  It  has  now- 
attained  great  favor. 

Chloroform  is  a  terchloride  of  formyle  (the  hypo- 
thetical radical  of  formic  acid).  Its  discovery  is 
claimed  by  Soubeiran,  Guthrie,  and  Liebig,  whose 
claims  have  about  an  even  date,  1831.  The  verdict 
seems  to  have  settled  in  favor  of  the  former.  Its 
first  use  as  an  ansesthetic  was  by  Dr.  Simpson  of 
Edinburgh,  1847. 

Hydrate  of  chloral  has  recently  become  quite  un- 
pleasantly prominent  in  the  list  of  anodynes,  seda- 
tives, and  hypnotics. 

Ether  was  known  to  the  earliest  chemists.  The 
discovery  of  its  use  as  an  aniesthetic  was  made  by 
Dr.  Jackson  or  Dr.  Morton  of  Boston,  in  1846.  A 
contest  ensued  between  the  parties  to  prove  pri- 
ority, and  was  much  debated  m  the  scientific  jour- 
nals of  the  day.  In  an  application  to  Congress  for 
a  remunerative  appropriation  of  $100,000,  the  rep- 
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resentatives  of  Dr.  Wells  came, 
iu  with  a  claim  to  the  first  in- 
veution.  The  enterprise  failed, 
but  mankind  owes  a  debt  of 
gratitude  to  each. 

Amylene  is  a  colorless  liquid 
obtained  by  distilling  fusel  oil 
with  chloride  of  zinc.  It  was 
discovered  by  M.  fialard,  of 
Paris,  in  1844.  First  used  by 
Dr.  Snow  in  1856. 

Kerosolene  was  derived  from 
the  distillation  of  coal-tar  by  Mer- 
rill of  Boston.  Its  u.se  as  an  an- 
sesthetic  was  made  known  iu  1 861 . 

Nitrate  of  ethyl,  of  which  the 
chemical  formula  is  C4  Hs  0,  Nob 
possesses  remarkable  amesthctic 
properties  ;  it  has  a  very  fragrant 
and  agreeable   smell,   a  sweet,  but  a  bitter  after 
taste.     Its  boiling-point  lies  at  185"*  Fahr.,  and  its 
specific  gravity  is  1.112  at  62.5**  Fahr.      It  burns 
with  a  white  flame,  is  uot  soluble  in  water,  but  easily 
so  in  alcohol. 

Various  forms  of  apparatus  are  used  in  the  admin- 
istration of  aneesthetic  agents.  Some  consist  of 
cups  which  contain  the  sponge  saturated  with  the 
liquid  and  exposed  to  the  current  of  air  as  it  passes 
to  the  lungs.  Others  pass  the  air  through  a  body 
of  liquid.  The  administration  of  nitrous-oxide  re- 
quires a  different  arrangement,  and  the  tube  con- 
necting the  bladder  with  the  mouth-piece  has  valves 
so  arranged  as  to  pass  the  gas  to  the  mouth  during 
inspiration,  and  aliow  the  expired  breath  to  pass  to 
the  atmosphere  instead  of  contaminating  and  weak- 
ening the  contents  of  the  bag. 

These  are  more  properly  considered  under  In- 
HALEiis  (which  see),  as  that  has  become  the  term 
by  which  they  are  generally  known  and  patented. 
A  class  of  inventions  which  preceded  the  inhalers 
just  described  are  termed  Respirators  (which 
see),  and  are  not  adapted  for  the  introduction  of 
anaesthetic  or  curative  medicaments  iilto  the  lungs, 
but  are  intended  as  air-heaters  or  filters,  and  are 
used  by  two  classes  of  persons,  -^  by  consumptives 
to  temper  the  rigor  of  the  air  in  cold  weather,  by 
causing  the  air  to  rush  rapidly  tlirough  a  succession 
of  narrow  passages ;  and  by  mechanics,  cutlers  • 
especially,  to  arrest  particles  of  steel  and  grit  which 
permeate  the  air  where  the  grinding  is  carried  on. 

The  auKsthetic  apparatus  which  operates  by  topi- 
cal application  of  cold  is  ordinarily  in  the  form  of 
an  Atomizer  (which  see),  and  consists  of  a  tube 
whose  lower  end  communicates  with  a  body  of 
liquid,  and  whose  contracted  upper  end  is  exposed 
to  a  blast  at  right  angles  to  the  axis  of  the  upper 
tube  and  across  the  orifice  thereof.  This  has  the 
effect  of  raising  the  liquid,  which  is  dispersed  as  it 
reaches  the  opening,  and,  assuming  the  form  of  fine 
spray,  becomes  a  great  absorber  of  sensible  heat,  and 
consequently  lowers  the  temperature  of  the  air  in 
its  vicinity.  The  air,  thus  cooled,  is  projected 
upon  the  part  where  local  anesthesia  is  required, 
and  by  absorbing  the  heat  of  the  part  renders  the 
nervous  svstem  of  the  part  incapable  of  feeling, 
calloused  by  cold. 

Bags  of  ice  have  been  laid  upon  the  part  affected 
to  produce  insensibility  by  freezing. 

For  freezing  mixtures,  see  Ice,  Manufacture  of. 

An'aes-thetlo  Re-frig'er-a'tor.  An  appara- 
tus for  producing  local  anesthesia  by  the  application 
of  narcotic  spray. 

The  apparatus  consists  of  a  bottle  to  contain  the 
ether  or  other  fluid  to  be  used  ;  through  a  perfo- 
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rated  cork  a  double  tube  is  passed,  one  extremity 
of  the  inner  part  of  which  goes  to  the  bottom  of  the 
bottle ;  above  the  cork  a  tube,  connected  with  the 
bellows,  pierces  the  outer  part  of  the  doublp  tube, 
and  communicates  by  a  small  aperture  at  the  inner 
end  of  the  cork  with  the  interior  of  the  bottle. 
The  inner  tube  for  delivering  the  ether  inins  upward 
to  the  extremity  of  the  outer  tube. 

When  the  bellows  are  worked,  a  double  current  of 
air  is  produced ;  one  current  descending  and  press- 
ing upon  the  ether,  forcing  it  along  the  inner  tube, 
and  the  other  ascending  through  the  outer  tube 
and  playing  u^ion  the  column  of  ether  as  it  passes 
from  the  inner  tube. 

Put  the  ether  into  the  bottle,  nearly  filling  it, 
then  insert  the  tube  with  the  cork  firmly,  and  fit 
the  nozzle  to  give  the  jet  desired  ;  the  bulb  on  the 
extremity  of  the  rubber-tubing,  being  now  grasped 
in  the  hand  and  rapidly  used  as  a. hand-bellows,  — 
the  other  bulb  acting  as  a  reservoir,  —  keeps  up  a 
steady  pressure  upon  the  ether  and  produces  a  con- 
tinuous jet. 

The  small  wires,  called  stylets,  are  used  to 
graduate  the  spray,  which  is  made  finer  or  heavier 
by  the  use  of  the  oifferent  sizes. 

Remove  the  nozzle  and  insert  the  stylet  in  the 
small  tube.  The  hook  on  one  end  of  the  wires  is 
to  prevent  their  slipping  into  the  tube. 

Two  nozzles  accompany  the  instrument ;  the  straight 
one  for  producing  arsingle  jet,  and  the  double  curved 
one  for  operating  on  both  sides  of  a  molar  tooth. 

An'a-glypli.    A  chased  or  embossed  ornament. 

An'a-glyp'to-graph.  An  instrument  for  makine 
a  medallion  engraving  of  an  object  in  relief,  such 
as  a  medal  or  cameo.  A  point  is  passed  over  the 
medal  at  an  angle  of  45',  and  conmiunicates  motion 
to  a  diamond  etching-point.  The  diamond  partakes 
of  the  motions  of  the  tracer,  following  the  curves 
of  the  object,  making  the  lines  relatively  open  on 
the  sides  of  the  protuberances  upon  which  the 
light  is  supposed  to  strike,  and  making  the  lines 
closer  on  the  sides  opposed  to  the  light.  See  Me- 
DALLic  Engraving. 

A'nal-di-la'tor.  (Surgieah)  An  instrument  for 
dilating  the  sphincter  muscle  for  the  examination 
of  hemorrhoids  or  fistula  in  ano. 

An'a-lem'ma,    A  form  of  sun-dial  now  disused. 

A'nal-apec'alum.  {Surgical.)  An  instru- 
ment for  distending  the  anal  opening  to  expose  the 
inner  surface  of  the  rectum,  in  case  of  hemorrhoids, 
fistula  in  ano,  etc.     See  Speculum. 

An'a-lyz'er.  The  upper  or  eye  prism  of  the 
polarizing  apparatus. 

The  first  ot  the  two  colimms  in  the  Coffey  Still ; 
the  second  being  the  rectifier.     See  Still. 
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An'a-plas'tio  In'stru-anent.  For  the  opera- 
tion of  forming  a  nose  upon  the  face.  The  Tajglia- 
cozzian  operation.     See  Khinoplastic  Pin. 

An'a-staf  io  En-grav'ing  and  Printing.  In- 
vented by  Wood  in  1841.  An  en^ving  or  other 
printed  sheet  is  moistened  with  dilute  phosphoric 
acid,  and  pressed  on  to  a  clean  surface  of  zinc, 
which  is  etched  thereby  in  the  place  not  protected 
by  the  ink.  The  plate  is  kept  damp  by  acidulous 
solution  of  gum,  and  in  the  printing  process  only 
takes  ink  from  the  rollers  at  the  points  where  the 
ink  of  the  original  impression  first  adhered. 

Zincography  is  the  term  applied  to  drawing  upon 
zinc  for  subsequent  treatment  as  above. 

An'ohor.  1.  Anchors  were,  according  to  A]^l- 
lonius  Rhodius  and  Stephen  of  Byzantium,  ongi- 
nally  made  of  stone,  or  of  logs  of  wood  covered 
with  lead.  These  were  succeeded  by  a  bent  rod 
with  a  single  fluke.  The  invention  was  ascribed  by 
Pliny  to  the  Tuscans ;  Strabo  ascribes  the  addition 
of  the  second  fluke  to  Anacharsis  the  Scythian. 
They  were  first  fon;ed  in  Engldnd,  A.  D.  578, 
when  Titillus  reigned  in  East  Anglia.  The  general 
shape  of  anchors  is  well  known,  consisting  of  two 
arms  terminating  in  broad  expansions  termed  flukes, 
and  attached  to  a  long  shank,  to  which  is  fixed  a 
stock  of  wood  or  iron  at  right  angles  to  the  arms, 
to  insure  the  perpendicularity  of  the  flukes  when 
the  anchor  is  on  the  bottom,  in  order  that  they 
may  take  firm  hold  of  the  ground.  Small  anchors 
termed  grapnels,  and  having  four  or  more  arms, 
are  used  for  boats,  and  at  times  for  small  vessels. 
The  mushroom-anchor,  so  called  from  its  shape,  is 
much  employed  in  the  East  Indies  by  the  native 
vessels  called  grabs.  The  weight  of  the  largest 
anchors,  for  vessels  of  1,000  tons  or  less,  is  about 
1  cwt.  for  each  20  tons  measurement,  or  .0025  of 
the  tonnage.  Various  improvements  have  been  pro- 
posed upon  the  ordinary  anchor,  of  which  the  most 
prominent  are  Rodgers's,  Trotman's,  and  its  modi- 
fications, Isaacs's  and  Lenox's. 

In  Trotman*s  anchor  the  arms  are  passed 
through  the  shank,  which  is  slotted,  and  are  held 
by  a  bolt,  thus  bringiM;  the  upper  arm  and  fluke 
down  on  the  shank,  and  allowing  the  lower  one  to 
penetrate  deeper  when  the  anchor  is  on  the  bottom. 

Fig.  182. 
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This  arrangement,  aided  by  the  horns  on  the  back 
of  the  flukes,  also  prevents  fouling.  At  a  trial  made 
in  1853,  under  the  auspices  of  the  British  Board  of 
Admiralty,  to  determine  the  comparative  general 
merits    of  various  descriptions  ox  anchors,  their 


comparative  merits  were  decided  to  be  as  follows, 
the  Admiralty  anchor  being  taken  as  unity  :  — 

Trotman  .        .     1.28  Honibal  (or  Porter)  1.09 

Rodgers  .        1.26  Aylen         .        .     1.09 

Mitcheson  .        .     1.20  Admiralty       .        1.00 

Lenox     .  .        1.18  Isaacs         .        .      .73 

Notwithstanding  the  numerous  recent  modifica- 
tions claiming  to  he  improvements,  an  anchor  differ- 
ing little  from  the  old- 


Fig.  188. 


Skgtisk  AdmiroUy  Anehor. 


fasnioned  type,  excepting 
that  even  tne  very  largest 
sizes  have  iron  stocks, 
still  maintains  its  place 
both  in  the  navy  and 
merchant  service  of  the 
United  States. 

Anchors  require  to  be 
made  of  the  very  begt  and 
toughest  wrought  -  iron. 
They  are  made  by  welding 
together  a  fagot  of  bars 
under  a  steam  or  trip 
hammer,  the  -smaller  and  . 
more  difficult  portions  be- 
ing shaped  and  rounded 
o^  and  the  whole  anchor 
finished  up  bv  hand.  This 
portion  oi  the  work,  es- 
pecially in  the  case  of  a 

larfi;e  anchor,  is  one  of  the  most  arduous  labors  of  tke 
smith's  shop ;  as  the  workmen  are  unable  to  stand 
the  intense  neat  from  the  huge  mass  of  red-hot  metal 
and  wield  the  ponderous  sledge-hammers  employed 
but  for  a  very  sliort  space  of  time,  each  strikes  his 
blow  and  falls  back  to  make  room  for  another,  who 
in  turn  retires  to  give  place  again  to  his  predecessor, 
and  so  on  until  the  iron  becomes  too  cool  for  further 
hammering.  This  evidently  requires  a  considerable 
share  of  strength,  activity,  and  endurance  on  the  part 
of  the  men,  who  are  not  only  compelled  to  strike 
while  the  iron  is  hot,  but  have  to  put  in  as  man7 
and  as  heav^ '  strokes  as  they  possibly  nan  in  the 
time. 

Isaacs's  anchor  has  a  flat  bar  of  iron  from  palm 
to  palm,  which  passes  the  shank  elliptically  on  eajch 
side,  and  from  each  end  of  the  stock  to  the  mid- 
length  of  the  shank  are  fixed  two  other  bars  to  pre- 
vent fouling. 

Fig.  184. 
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Porter's  anchor,  or  Honibal's  as  it  is  some- 
times called  from  the  purchaser  of  the  right,  is 
very  similar  to  Trotman's  (which  see),  the  latter 
being  an  improvement  upon   Porter's,   with  some 

Fig.  186. 


Lenoxes  Jnehor. 

modifications  in  the  shape  of  the  flukes  and  their 
horns.  Lenox's  improvement  (1832-39)  con- 
sisted in  an  improved 
mode  of  welding,  and 
in  rounding  off  the 
sharp  edges  and  lines; 
also  in  reducing  the 
size  of  the  palms,  the 
object  being  to  obtain 
a  stronger  anchor  and 
prevent  injury  to  the 
cable. 

RoDOERs's      anchor 
has    a   shank  with  a 
wooden  core,  for  giving 
more  surface,  and  con- 
sequent strength  for  a 
given  weight  of  metal. 
Williams's  anchor, 
patented     March    16, 
1858.    This  anchor  has 
three  flukes  hinged  to 
a  block  at  the   lower 
end  of  the  shank,  and 
so  set  that  two  of  them 
may    penetrate    the 
gTouna  at  the  same 
time,  while  the  third 
falls  down  upon  the 
shank     to     prevent 
the  cable  from  being 
fouled.     The   flukes 
are  set  at  120"*  apart 
and  hinged  in  a  sep- 
arate block. 

Morgan's  anchor, 
patented  June  21, 
1864.  The  arms  are 
separately  pivoted 
near  the  end  of  the 
shank,  and  are  con- 
nected by  a  curved 
bar  passing  through 
a  hole  in  the  shank. 
When  one  fluke  has 
hold  of  the  ground 
its  arm  rests  against 
and  is  supported  by 
the    crown-piece, 


while  the  other  arm  falls  down  upon  the  shank, 
obviating  the  danger  of  fouling  and  by  means  of  the 
curved  bar  assisting  the  first  arm  to  bear  the  strain. 


lig.  188. 
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MarshaWs  Anchor, 


Wmiam^s  Anchor. 


Marshall's  anchor,  patented  October  17,  1865. 
Antedated  March  6,  1865. 

The  arms  are  straight  and  turn  in  an  arc  of  a 
circle,  moving  sepaititely  on  a  pivot  passing  through 
the  crown.  Each  is  provided  \vith  barbs  or  projec- 
tions to  help  the  fluke  to  take  and  retain  its  hold, 
and  the  oscillation  is  checked  by  cusps  on  the  thick 
portion  of  the  crown,  so  that  the  arms  have  a  given 
inclination  to  the  shank. 

Latham's  an- 
chor, patented 
August  21, 1866. 
The  shank  A  B 
is  made  of  two 
pieces,  which 
separate  at  their 
lower  ends  to  al- 
low the  passage 
of  the  mid(Oe 
fluke.  The  arm 
C  turns  in  the 
shank  and  has 
three  parallel 
flukes. 

The  weight  b; 
these  means  is 
concentrated  at 
the  lower  part 
of  the  anchor. 
When  the  anchor 
is  let  go,  the 
flukes  make 
about  a  quarter  of  a  revolution,  lying  in  the  posi- 
tion shown  in  the  illustration  when  they  enter  the 
ground.  The  shoulder  on  the  crown-piece  comes 
against  the  shank  and  restrains  the  oscillation  of  the 
arms  in  either  direction,  and  the  anchor  stows  com- 
pactly by  bringing  the  arms  parallel  with  the  shank, 
the  middle  arm  or  fluke  lying  in  the  space  between 
the  two  portions  of  the  shank. 

Stuard's  anchor.  Among  the  single-armed  an- 
chors may  be  mentioned  Stuard's  (English),  which 
has  a  very  short  shank  made  in  one  piece  with  the 
arm,  the  pile  being  bent,  but  not  welded.  The- 
stock  is  a  wrought-iron  bar  with  knobs  on  the  end, 
which  cant  the  anchor  so  that  its  fluke  penetrates 
the  ground  as  it  is  dragged  along.     One  hole  in  the: 


Latham^s  Anchor. 
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shank  is  for  attachment  of  the  cable,  and  a  shackle 
at  the  crown  is  for  the  buoy-rope. 

The  largest  nnchor  in  the  world,  according  to 
Charles  Ryland's  "  Iron  Trade  Report,"  was  made  at 
H.  P.  Parke's  Works,  Tipton,  Staffordshire,  for  the 
Great  Eastern,  and  weighs  eight  tons  exclusive  of 
the  stock.  Its  dimensions  are  :  Length  of  shank, 
twenty  feet  six  inches  ;  of  wood-stock,  nineteen 
feet  six  inches ;  trend  of  arms,  seven  feet  four 
inches.  It  is  somewhat  different  in  form  from  ordi- 
nary anchors,  the  palms  or  blades  being  divided  or 
split  so  that  it  may  more  readily  pierce  the  sea- 
lK)ttom. 

The  parts  of  an  anchor  are  as  follows  :  — 
a  to  0,  shank  ;  6  to  c,  square  ;  rf  to  e,  arm  ;  /  to 
flr,  palm,  fluke,  or  kevel ;  h  to  t,  point,  pee,  or  bill ; 

Pig.  191. 
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OJ. 


I  to  k,  blade  ;  M  to  JV,  crown ;  o,  ring  ;  p,  stock  ; 
dj  throat  or  crutch. 

For  checking  and  regulating  the  motion  of  the 
cable  as  it  runs  towards  the  hawse-holes  while  the 
anchor  is  dropping,  and  for  holding  the  cable  after 
the  anchor  has  taken  hold,  four  kmds  of  apparatus 
are  used  together  or  separately,  —  Controllers, 
BiTTS,  Stoppers,  Compressors  (which  see). 

To  cast  or  drop  anchor  is  to  let  go  the  anchor. 

To  ride  at  anchor  is  the  condition  of  the  vessel 
when  anchored. 

To  sioing  at  anchor  is  when  the  ship  obeys  the 
change  in  the  direction  of  the  tide  while  at  anchor. 

To  toeigh  anchor  is  to  heave  it  out  of  the  ground. 

To  hack  an  anchor  is  to  strengthen  its  hold  of  the 
ground  by  means  of  a  second  anchor  laid  down 
ahead  of  the  other,  and  fastened  to  the  crown  of  the 
latter  by  a  cable. 

An  anchor  is  foul  when  the  cable  is  twisted 
around  it  or  the  anchor  is  entangled  with  a  wreck 
or  another  anchor. 

The  anchor  bUes  when  the  fluke  takes  hold  of  the 
ground. 

To  s^ceep  for  an  anchor  is  for  the  recovery  of  a 
lost  anchor  by  sweeping  the  bottom  with  the  bight 
of  a  cable  or  hawser. 

Parting :  Breaking  cable  and  leaving  the  anchor 
in  the  ground. 


An  anchor  is  a-cock-bUl  when  it  is  suspended  per- 
pendicularly from  the  cathead  ready  to  let  go. 

It  comes  hmm  when  dragged  from  its  hold  by  the 
pulling  of  the  cable. 

An  anchor  is  a-stay  when  the  angle  of  the  cable 
with  the  water  is  about  that  of  a  stay.  A  long-stay 
apeak  when  coinciding  with  the  main  stay  ;  sJwrt 
stay  when  with  the /ore  stay. 

It  is  a-peak  when  the  cable  is  drawn  in  so  tight 
as  to  bring  the  ship  directly  over  it. 

It  is  a-toeigh,  or  a-tripy  when  lifted  clear  of  the 
ground. 

It  is  a-vxish  when  lifted  to  the  surface  of  the  water. 

It  is  hove  up  when  lifted  to  the  hawse-hole. 

It  is  hooked  when  cat-fall  is  fast  to  the  rinc;. 

It  is  catted  or  havZed  up  when  lifted  by  the  ring 
to  the  cathead. 

It  is  fished  when  the  fluke  next  to  the  ship's  side 
is  lifted  to  the  fish-davit. 

It  is  o)i-board  when  the  fluke  is  lifted  to  its  rest- 
ing-place on  the  bill-board. 

It  is  in-hoard  when  on  deck. 

It  is  secured  when  all  is  made  fast,  the  cable  and 
buoy-rope  unbent,  and  the  anchor  stowed, 

Tne  weight  of  Anchor  and  Kedge  is  given  exclu- 
sive of  that  of  its  stock. 

Bower  and  Sheet  Anchors  should  be  alike  in  weight. 

Streami  Anchors  should  be  ^  the  weight  of  the  best 
bower. 

Kedges  are  light  anchors  used  in  warping. 

2.  The  block,  frame,  or  masonry  deeply  buried 
in  the  earth,  to  which  the  cables  or  wires  of  suspen- 
sion-bridges are  attached.  See  Anchor,  Suspen- 
sion-cable. 

An'ohor  and  Collar.    A  form  of  hinge  for  a 

lock-gate.    The  anchor  is  let  into  the  stone  coping  ; 

the  collar  is  attached  like  a  clevis  to  the  anchor, 

I  and  forms  a  socket  for  the  pintle  of  the  heel-post  of 

the  gate. 

An'ohor-balL  1.  A  contrivance  of  Captain 
Manby,  R.  N.,  for  saving  life  in  cases  of  shipwreck. 
It  is  a  ball  having  several  hinged  prongs  fitting  in 
slots,  which  are  intended  to  catcu  in  the  rigging 
of  a  stranded  vessel. 

It  is  fired  from  a  mortar,  and  carries  a  light  line 
by  which  a  stout  rope  may  be  carried  ashore  from 
the  vessel. 

The  French  use  a  ball  for  this  purpose  having  a 
harpoon  passing  through  it,  on  the  rear  end  of 
which  a  line  is  wound. 

2.  A  carcass  or  incendiary  ball  affixed  to  a  grapnel 
by  which  it  is  intended  to  adhere  to  and  fire  a  vesseL 

An'chor-bolt.  {Machinery.)  One  having  an 
expanded  shank  to  prevent  its  drawing  out. 

An'ohor-ohooks.  Blocks  on  which  a  stoioed 
anchor  rests. 

An'dior,  Sus-pen'sion-oalale.   The  anchors  of 

Fig.  192. 
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the  chains  of  tlie  Menai  Suspension  Bridge  are  cast- 
iron  plates  having  a  bearing  against  the  solid  rock. 
Three  oblique  circular  shafts  six  feet  in  diameter 
and  sixty  feet  in  depth  were  blasted  into  the  solid 
rock,  a  considerable  space  being  left  between  each 
shaft.  At  the  bottom  is  a  cross-tunnel  which  runs 
horizontally  and  at  right  angles  to  the  inclined 
shafts.  The  iron  plates,  weighing  2,240  pounds, 
were  fitted  into  seats  in  the  face  of  the  rock  at  right 
angles  to  the  chains  which  are  bolted  thereto,  a, 
cross-tunnel ;  b,  anchor ;  c,  suspension-cable. 

An'ohor-drag.    See  Drag- Anchor. 

An'ohor  ZiB-cape'ment  The  anchor  escape- 
ment superseded  the  crown-wheel  escapement  for 
clocks.  It  was  invented  by  Clement,  a  London 
watchmaker,  in  1680.  By  some  it  is  ci*edited  to 
Dr.  Hooke. 

The  anchor  has  two  arms  whose  bent  ends  resem- 
ble flukes  in  some  degree,  and  thus  give  rise  to  the 
name.  It  is  suspended  from  a  horizontal  axis,  on 
which  it  turns  freely  along  with  the  dependent  stem, 
which  terminates  at  its  lower  end  m  a  fork  or 
crutch  between  whose  prongs  the  pendulum-rod 
passes,  so  that  the  motions  of  the  pendulum  are 
communicated  to  the  anchor,  and  the  pressure  of 
the  wheel  upon  the  pallets  of  the  ancnor  is  also 
comnmnicated  to  the  pendulum  so  as  to  make  up 
for  tlie  small  loss  by  friction  incident  to  its  action. 

"The  great  advantage  of  this  escapement  over 
the  old  crown-wheel  is  that  it  allows  the  escape  to 
take  place  at  a  small  angle  of  vibration,  thereby 
preventing  the  necessity  for  the  maintaining  power 
acting  upon  the  pendulum  with  so  great  force  as  by 
the  old  |)lan ;  and  by  the  introduction  of  a  heavy 
ball,  leaving  that  to  be  done  by  the  uniform  power 
of  gravity  which  before  was  dependent  upon  the 
impulse  given  by  the  wheel  to  the  pallets." 

Clement,  in  connection  with  tliis  escapement, 
introduced  his  mode  of  suspending  the  pendulum 
by  a  thin  piece  of  flexible  spring,  a  mode  which  has 
remained  m  favor  ever  since. 


Fig.  198. 


the  slope  of  the  pallet  will  drive  the  tooth  on  the 
right  a  little  way  back  and  produce  the  recoil. 

The  other  figure  shows  the  dead-beat  escapement, 
in  which  the  slope  of  each  pallet  sto]^)s  at  the  points 
where  the  teeth  fall,  the  rest  of  each  pallet  form- 
ing portions  of  a  circle  of  which  the  axis  is  the 
center.  The  tooth  having  passed  the  pallet,  the 
continued  motion  of  the  pendulum  merely  holds 
the  tooth,  but  does  not  give  it  any  backward  mo- 
tion. See  Dead-beat  Escapement;  Recoil 
Escapement. 

An'dior-gate.  A  heavy  gate,  such  as  is  used 
in  the  locks  of  canals,  requires  for  its  upper  bearing 
a  collar  which  is  stayed  -by  the  adjacent  masonry. 
Barbed  metallic  projectfons  from  the  collar  are  em- 
bedded in  the  masonry,  and  resist  displacement  of 
the  gate  while  enduring  strain  or  swmging  on  its 
axis. 

An'ohor-lln'lng.  Sheathing  on  the  ship's  plank- 
ing, under  the  fore-channels,  to  keep  the  bill  of  the 
anchor  from  ripping  the  ship's  side  when  hauling  it 
up,  or  fishing. 

An'chor,  Mush'room.  The  mushroom  anchor 
is  used  for  moorings,  and  is  said  to  be  a  favorite  in 
the  East  Indies.     Its  name  indicates  its  form,  hav- 


Fig    194 


Recoil. 


Dead-beat 


Anchor  E$eapemetU, 


Figure  198  shows  two  forms  of  anchor  escapement  i 
one  18  on  the  recoil  principle  and  the  other  is  the 
dead-beat ;  the  former  is  so  called  because  each  tooth 
of  the  wheel  makes  a  back  or  recoil  motion  after 
escaping  from  the  pallet.  In  the  figure  one  tooth 
is  represented  as  naving  just  escaped  from  the 
anchor,  and  a  tooth  on  the  opposite  side  of  the 
wheel  has  dropped*  on  to  the  pallet.  The  pendu- 
lum continuing  its  course  a  little  farther  to  the  left, 


Mmkrocm  Anchor, 

ing  a  central  shank  and  a  head  of  a  bowl  shape, 
which  requires  no  stock  on  the  shank  to  cause  it  to 
engage  with  the  ground  over  which  it  is  dragged. 

An'chor-ring.  The  ring  of  an  anchor  by  which 
it  is  bent  to  the  cable.  A  jew's-harp  shackle  is  now 
used. 

An'chor-Btook  Plank'lng.  {Ship-building. ) 
Each  plank  has  one  straight  edge,  the  other  consist- 
ing of  two  equal  slopes. 

An'ohor-trip'pers.  These  are  devices  for  *  *  trip- 
ping "  or  casting  loose  a  ship's  anchor.  In  some  of 
them  it  is  suspended  bv  its  ring  from  the  cat-block  or 
a  tripping-bolt ;  in  otners  it  is  fastened  at  each  end 
by  chains  which  are  cast  loose  simultaneously. 

Duncan,  April  28,  Fig.  186. 

1863.  The  anchor  hangs  ^^^^^,^^^ 
from  a  clutch-ring  on  the  ^ 
cat-block,  which  is  bus- - 
pended  below  the  cat- 
head. When  the  fall  is 
cast  loose,  the  block  de- 
scends, and  the  clutch  is 
opened  by  the  chains 
which  are  attached  to  the 
cathead,  and  to  the  pro- 
jecting levers  or  prongs 
on  the  respective  halves  of 
the  clutch.  A  single  mo- 
tion, the  slackening  of 
the  fall,  operates  the  trip- 
per ;  the  clutch  is  opened 
when  the  chains  are  made 
taut  by  the  descent  of 
the  block. 

Stacey,  December  27, 

1864.  The    anchor    is 
suspended  by  its  ring  from     Ihmecai*»  Anchor^  Hipper. 
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SUuey^s  Anekor- Dripper. 


the  hook  of  the  fall- 
block,  which  depends 
from  the  cat-head.  The 
tripping-rope  is  attached 
to  an  eye  on  the  fall-block 
hook,  and  is  belayed  to 
a  pin  on  the  cat-head. 
When  the  fall  is  cast 
loose,  and  as  soon  as  the 
slack  of  the  tripping-rope 
is  exhausted,  the  said  rope 
upsets  the  hook,  and 
casts  loose  the  anchor. 
,  Holmes,  April  28, 1857. 
A-  short  chain  is  attached 
to  the  ring  of  the  anchor,  and  the  link  on  its  upper 

end  is    transfixed 
^*  ^7*        ^  by  a  pin  which  has 

its  bearings  in  a 
block.  By  turn- 
ing the  handle  half 
a  revolution  in  one 
direction,  the  screw 
upon  the  shaft  will 
cause  the  pin  to 
recede,  and  disen- 
gage itself  from  the 
unK  of  the  chain. 
The  thread  works 
in  a  spiral  groove  or  nut,  by  which  it  receives  lon- 
gitudinal motion  when  partially  rotated. 

Heitman,   May  16,  1865.     The  anchor  is  sus- 
pended by  a  shank-painter  and  a  ring-stopper.    One 
end  of  each  chain  is  fast  to  the  vessel,  while  the 
ring  at  its  other  end  rests  upon  a  pivoted  latch- 
Fig.  198. 


HolrMs^s  AnehoT'Tripper. 


Heitman's  Anchor-  "Dipper. 

piece.  These  latch-pieces  ai^  supported  upon  a 
oar,  which  is  rotated  to  give  simultaneous  disen- 
gagement to  the  latches,  and  cast  the  anchor  loose. 
The  movement  of  the  bar  is  effected  by  raising  a 
lever  which  rests  upon 


Fig.  IW. 


CfUtson^s  AncKoT'Tripper. 


the  rail, 

There  are  thirteen 
United  States  patents 
for  anchor-trippers. 

Gibson,  December 
5,  1865.  In  this  de- 
vice the  fluke  of  the 

^^anchor  rests  on  a  block 
)  Af  which  is  pivoted  in 

J  a  notch  of  the  gun- 
wale. A  bar  By  at- 
tached to  said  block, 
is  held  by  a  shackle-bar 
C,  when  the  latter  is 
in  its  upper  position. 
By  sliding  the  shackle 


in  its  staple,  the  bar  is  released,  and  the  block  A 
freed  to  rotate  under  the  weight  of  the  anchor, 
which  is  thereby  "tripped." 

Burton's  anchor-tripper  (English).     The  stand- 
ing end  of  the  cat-head  stopper  is  worked  into  a 


Fig.  200. 


Burton'' i  Anchor-Dripper. 

ring  placed  around  the  end  of  the  bolt  b  c,  which 
is  pivoted  at  d,  on  the  cat-head  a.  The  other  end 
c  of  the  bolt  is  oblique,  and  is  held  down  by  the 
clamp  <J,  turning  on  the  pivot  /,  the  clasp  bciDg  se- 
cured by  a  hasp  g,  and  pin  k.  The  cat-head 
stopper  passes  through  the  nng  of  the  anchor,  over 
the  thumb-cleat  k,  and  is  made  fast  round  the 
timber-head  I.  "When  it  is  required  to  let  go  the  an- 
chor, a  handspike  is  inserted,  so  as  to  bear  against 
the  clasp  «,  and  hold  it  closed  while  the  pin  h  is 
withdrawn,  and  the  hasp  g  is  cast  ofl".  The  hand- 
spike being  then  removed,  the  oblique  end  c  of  the 
bolt  throws  open  the  clftmp  «,  and  the  bolt  revolving 
on  its  pivot  d  allows  the  standing  end  of  the  cat- 
head stopper  to  fall  ofl*,  and  the  anchor  to  drop. 

Spences  tripper  (English)  is  especially  intended 
for  casting  oflF  tne  shank-painler,  which  holds  the 


Fig.  201. 


8penc«''s  Anchor-Dripper. 

shank  and  flukes  to  the  ship^s  side,  while  the  cat- 
head stopper  holds  the  ring  of  the  stock. 

a  is  a  carriage  bolted  to  the  gunwale  ;  &  is  a  bolt 
which  is  pivoted  at  i  to  the  carriage,  and  sustains 
the  chain-end   of  the  shank-painUr ;  c  is  a  lever 

Eivoted  at /to  the  upper  side  of  the  carriage  a,  and 
aving  a  hook  d  at  its  end  which  holds  the  bolt  h 
in  an  upright  position.  When  the  shank-jKiinter  is 
to  be  cast  off,  a  pry  is  taken  ui¥)n  the  end  of  the 
lever  by  a  handspike  till  the  pin  g  is  removed.   The 
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lever  e  is  then  oscillated  till  the  hook  d  is  disen- 
gaged from  the  bolt  d.     The  latter  is  immediately 
rotated  by  the  weight  of  the  anchor,  and  the  shank- 
painter  is  cost  loose. 
Anch'y-lo'slB  Ap'pa-ra'tus.  An  a])paratu8  for  re- 
lieving the  strain 
^8-202.  upon   the    flexed 

Is  articu- 
support- 
espective 
the  limb 
nee  from 
!r  of  lev- 

)2  shows 
paratus 
for  the 
he  upper 
sr  bands 
d  around 
and  low- 
ectively, 
being  set 
ly  at  the 
•equired. 
11  figure 
}  the  key 
theioint 
nea  or 

a;  An- 

Anchylosis  Apparatus.  COXie.     An  elboW 

or  angle.  Aquoin, 

An  ornamental  keystpne.     A  console. 

The  angle  of  a  knee-tumbler. 

An'co-ny.  (Metal-working.)  A  piece  of  partially 
wrought  bar-iron,  partly  finished  in  the  middle,  but 
unwrought  at  the  ends. 

An'cove.  (Architecture,)  A  console  on  each 
side  of  a  door  to  support  a  cornice  or  entablature. 

An-cylo-mele.  A  curved  probe  used  by  sur- 
geons. 

And'i-rons.  These  are  used  upon  the  hearth  to 
support  the  burning  logs  and  brands.  Sometimes 
called  dog-irons,  and  familiar  to  all  who  have  been 
acquainted  with  the  old-fashioned  fireplace. 

Smylie,  July  12,  1843.  The  horses  of  the  andi- 
rons are  adjustably  connected,  so  as  to  place  them 
at  any  convenient  distance  apart  and  Iceep  them 
steady.  They  are  guarded  by  a  safety-bar  against 
the  danger  of  upsetting. 

LooAN,  Marcn  27,  1860,  has  a  bottom  plate  or 
frame,  in  combination  with  two  upright  angular 
bars,  in  sucn  a  manner 


Fig.  203. 


stands 


that  the  same 
firmly  in  its  place  and 
allows  a  free  circulation 
of  the  heat. 

The  name  andiron  is 
supposed  to  be  derived 
from   the  Anglo-Saxon 
)\brand-iron.     Others  de- 
prive it  from  hand-iron. 

For  the  large  kitchen 
fire,  the  andirons  were 
very  strong  and  massive, 
but  usually  quite  plain. 
In  the  hall,  that  ancient  seat  of  hospitality,  they 
were  also  strong  and  massive,  to  support  the  weight 
of  the  huge  logs  ;  but  the  standards  were  kept  bright 
or  ornamented  with  brass  rings,  knobs,  rosettes,  heads 
and  feet  of  animals,  and  various  grotesque  forms. 
In  kitchens,  and  in  the  rooms  of  common  houses, 
the  andiron,  as  its  name  implies,  was  of  iron  ;  but 


Log€tn''s  Andiron. 


in  the  hall  the  standards  were  of  copper  or  brass, 
and  sometimes  of  silver. 

Until  the  seventeenth  century  wood  was  the  ordi- 
narv  fuel.  It  was  burned  in  holes  dug  in  the  floor, 
on  hearths  in  the  middle  of  the  floor  or  against  the 

Fig.  204. 


wall.  Chimneys  are  a  comparatively-  modem  inven- 
tion, and  no  traces  of  them  are  founa  previous  to  the 
twelfth  century.    See  Chimney. 

In  the  baronial  halls  of  England  the  logs  were 
liberally  piled  on  the  hearth  in  the  middle  of  the 
hall,  being  confined  witliin  the  two  standards  of  the 
andiron,  their  ends  resting  on  the  billet-bar  for  the 
purpose  of  admitting  air  beneath  them,  and  thus 
promoting  combustion. 

A-nem'o-graph.  An  instrument  for  measuring 
and  recording  the  direction  and  force  of  the  wind. 

An'e-mom'e-ter.  An  instrument  for  determining 
the  force  of  the  wind.  The  most  simple  form  of 
this  instrument  is  a  board  or  other  plane  surface  of 
given  area,  which  is  presented  to  the  wind  and  has 
a  spring  attached  by  which  the  direct  force  of  the 
wind  is  measured  on  a  principle  precisely  similar  to 
that  of  an  ordinary  spruig-balance.  A  scale  may  be 
attached,  which  will  show  the  absolute  pressure  in 
pounds  and' fractions  to  the  square  foot  or  inch. 
The  earliest  known  anemometer  was  that  of  Dr. 
Crombie,  1667,  afterwards  improved  by  Wolfius  and 
others.  Dr.  James  Lind  of  Windsor  invented, 
about  the  year  1775,  a  very  convenient  and  accu- 
rate anemometer  which  is  well  suited  for  private' 
obser\'ers  or  those  desiring  a 
portable  instrument  occupjrinff  a  Fig.  206. 

small   space.     It   consists  of  a 
graduated  glass  tube  having  two 
arms,  one  of  which  has  the  up- 
per part  bent  perpendicularly  ; 
the  tube  is  mounted  on  a  stand, 
the  two  arms  being  in  a  verti- 
cal position,  and  tne  bent  por- 
tion horizontal,  so  that  its  mouth 
can  be  presented  to  the  wind. 
Water  is  poured  in   until  the 
instrument  is  filled  to  the  middle 
or  zero  of  the  scale.     For  use,  it 
is  placed  so  that  the  mouth  shall 
receive  the  full  force  of  the  wind, 
which  depresses  the  water  in  that 
arm  and  causes  it  to  rise  in  the 
other.     As  the  pressure  of  the 
atmosphere  at  the  earth's  surface  ^ 
will  ordinarily  sustain  a  column    lifuf «  Anemometer, 
of  water  about  38  feet  in  height, 
which  is  equivalent  to  about  2,060  pounds  to  the 
square  foot,  if  we  suppose  the  wind  to  blow  with 
a  force  sufficient  to  cause  a  difference  of  level  of 
one  inch  in  the  two  branches  of  the  tube,  this 
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Fig.  206. 


I     Mr.  Ostlek's  apparatus,  or  some  modification  of 


consequent  velocity  of  revolution  of  the  fly,  and 
trace  a  corresponding  line  on  a  fixed  cylinder, 
which  is  divided  by  vertical  lines  representing  the 
points  of  the  compass  ;  as  the  wina  changes,  the 

Sencil  is  moved  round  on  the  surface  of  the  cylin- 
er,  and  caused  to  register  the  direction  as  well  as 
*  the  velocity  of  the  wind,  the  former  by  its  rotary 
and  the  latter  by  its  vertical  motion. 


Ottier's  Anemonuter. 

for  public  institutions,  or  where  it  ia  desired  to  keep 
a  perfect  record  of  the  changes  in  the  force  and 
velocity  of  the  wind.  The  essential  parts  are  a 
plate,  having  its  face  constantly  presented  to  the 
wind  by  a  set  of  vanes  at  right  angles  to  it ;  the 
force  of  the  wind  on  this  plate  causes  it  to  move  an 
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It 

,67 

00 

34 

67 
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34 

,68 
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35 

02 

,86 


Prcaore 

perfq.  ft. 

Ibd. 

.492 

1.107 

1.968 

8.076 

4.429 

6.027 

7.873 

9.963 

12.300 

17.715 

81.490 


Pleasant,  brisk  breeze. 
Very  brisk. 
High  wind. 
Very  high. 


.70 


A  storm  or  tempest. 
A  CTeat  storm. 
A  hurricane. 
(  A    hurricane  that  tears 
49.200  <  up   trees,   carries  build- 
( ings,  etc.  before  it. 
'enty  varieties  of  anemometers  are  de- 
works  devoted  to  physics,  under  the 
Meteorology. 

lient  form  of  anemometer,  adapted  for 
the  force  of  currents  in  pipes  or  flues, 
by  a  piece  of  cardboard  C,  of  known 
suspended  to  one  arm  of  the  beam  of  a 
I  placed  at  the  edge  of  the  mantel-piece 
imng  current.  Tne  graduated  stem  of 
sken  thermometer  t  was  suspended  to 
>ther  end  of  the  beam,  and  was  placed 
glass  vessel  containing  water;  weights 
placed  on  the  card-board  till  the  zero- 
le  graduated  stem  was  level  with  the 
he.  water.  The  degrees  were  read  with 
ice  of  a  magnifier  G,  and  the  num- 
%es  moved  indicated  the  force  acting 
.  The  value  of  each  degr^  was  founa 
weights  to  the  card.  In  this  way  it 
Ined  that  the  force  of  the  upward  cur- 
Fig.  209. 


Stuntz'^s  Anemometer. 

which  the  record  is  to  be  made,  a  uniform  velocity 
beiu^  riven  to  one  of  the  rollers  by  clock-work.  A 
penciliolder  is  attached  to  the  lower  part  of  the  vane- 
shaft,  and  the  proper  mark  is  made  on  the  highest 
part  of  the  a{)ron  above  the  roller.  A  pricker,  actu- 
ated by  a  spring  through  mechanism  operated  by  a 
wiHd-wheel,  makes  perforations  in  the  paper,  the 
number  occurring  in  a  given  length  denoting  the 
velocity  of  the  wind  during  the  intervals  of  time  in- 
dicated by  a  scale  on  the  paper. 

The  foUowing  table,  calculated  by  Smeaton,  shows 
the  force  and  velocity  of  the  wind  :  — 

Velocity  Per  Pressura 

per  hoar,  second.  per  sq.  ft. 

Hilee.  ft.                lbs. 

1  1.47  006    Hardly  perceptible. 

2  '2.93  .020  )  T  -i  xiui 

3  4  40  044  I  perceptible. 

5  7  83  123    ^®'^*^®»  pleasant  wind. 


'a 


Anemometer. 


rent  at  the  mantel-piece  was  considerable,  and  that 
it  varied  in  strength.  It  was  strongest  in  the  cen- 
ter, but  extended  to  both  sides  of  the  mantel-piece  ; 
this  upward  current  had  a  force  of  from  15  to  4} 
grains  to  the  square  foot ;  the  force  diminished  as 
the  fire  got  low,  but  the  same  action  went  on  even 
when  the  fire  was  extinguished. 

The  greatest  pressure  of  wind  ever  registered  at 
Glasgow  Olwervatory  was  65  lbs.  per  foot.  Profes- 
sor Airy,  however,  states  that  it  may  reach  80  lbs. 
per  foot  in  this  country,  while  Mr.  Scott  Russell 
asserts  that  40  lbs.  per  foot  is  about  the  maximum 
force  which  it  is  necessary  to  reckon  upon  in  con- 
structing roofs,  etc.  This  is  identical  with  the 
maximum  registered  at  Menai  Bridge. 

A-nem'o-8Cope.  An  instrument  for  showing 
the  course  or  direction  of  the  wind.  A  weathercock. 
It  is  related  that  Andronicus  Cyrrhestes  built  an 
octagonal  tower  at  Athens,  having  at  each  side  a 
statue  of  the  god  to  whom  the  wind  blowing  from 
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that  quarter  was 
dedicated ;  and  in 
the  middle  of  the 
tower  was  a  small 
spire  having  a  cop- 
per Triton,  which 
t)cing  put  in  motion 
by  the  wind  pointed 
to  the  deity  from 
whom  it  proceeded. 
The  custom  of  plac- 
ing vanes  on  the  top 
of  church-steeples 
is  at  least  as  ola  as 
the  middle  of  the 
ninth  century ;  and 
as  these  vanes  were 
frequently  made  to 
resemble  a  cock,  the 
emblem  of  clerical 
vi^lance,  they  re- 
ceived the  name  of 
weathercocks.      In 

the  ages  of  ignorance  the  clergy  frequently  styled 
themselves  **the  cocks  of  the  Alinighty." 

Varro  is  said  to  have  been  the  first  who  connected 
the  vane  by  a  rod  to  a  dial  in  the  interior  of  a 
building. 

This  instrument  is  mentioned  by  Vitruvius,  and 
was  introduced  in  mansions  in  the  time  of  Wil- 
liam III. 

On  the  Hall  of  Commerce,  London,  is  an  anemo- 
scope connected  with  an  index  and  dial  in  a  room 
below,  like  that  of  Varro  above  mentioned. 

When  thus  arranged,  the  shafts  connecting  the 
vane  and  index  should  be  made  of  cane,  bamboo,  or 
other  light  material. 

The  .anemoscope  may  be  combined  with  the  ane- 
mometer, thus  indicating  both  the  direction  and  the 
force  of  the  wind.     See  Anemometer. 

An'e-roid  Ba-rom'e-ter.  An  instrument  for 
indicating  atmospheric  pressure,  invented  by  M.  Vidi 
of  France.  The  action  of  the  aneroid  depends  on  the 
pressure  of  the  atmosphere  on  a  circular  metallic 
box  hermetically  sealed  and  having  a  slightly  elastic 
top,  the  vacuum  serving  the  purpose  of  the  column 
of  mercury  in  the  ordinary  barometer. 

The  arrangement  is  illustrated  by  the  accompany- 
ing figures,  the  first  showing  tne  face  ana  the 
second  the  interior  of  the  instrument,  which  is 
made  about  4f  inches  in  diameter  across  the  face 
and  IJ  inches  thick. 

The  pressure  of  the  atmosphere  is  shown  by  the 
hand  pointing  to  a  scale  which  is  graduated  with 
40  divisions  to  the  inch  ;  one  or  two  thermometers 
are  affixed  to  the  face,  but  are  not  essential. 

The  second  figure  shows  the  internal  construc- 
tion, as  seen  with  the  face  removed,  but  with 
the  hand  still  attached,  a  is  a  flat,  circular  me- 
tallic box,  about  2$  inches  in  diameter  and  J  of  an 
inch  deep,  having  its  upper  and  lower  8ur£eu:es 
corrugated  in  concentric  circles.  This  box  or 
chamber,  being  exhausted  of  air  through  the  short 
tube  6,  which  is  subsequently  made  air-tight  by 
soldering,  constitutes  a  spring  which  is  aflected 
by  every  variation  of  pressure  in  the  external  at- 
mosphere, the  corrugations  increasing  its  elasticity. 
At  Uie  center  of  the  upper  surface  of  the  exhausted 
chamber  is  a  solid  cylindrical  projection  x,  about 
half  an  inch  high,  to  the  top  of  which  the  principal 
lever  c  deis  attached. 

This  lever  rests  partly  on  a  spiral  spring  at  d; 
it  is  also  supported  by  two  vertical  pins  with  per- 
fect freedom  of  motion.     The  end  e  of  the  large  or 


Fig.  210. 


Aneroid. 

principal  lever  is  attached  to  a  second  or  small 
lever  J\  from  which  a  chain  g  extends  to  A,  where 
it  works  on  a  drum  attached  to  the  arbor  or  axis 
of  the  hand,  connected  with  a  hair-spring  at  A, 
changing  the  motion  from  vertical  to  honzontal, 
and  regulating  the  hand,  the  attachments  of  which 
are  made  to  the  metallic  plate  i.  The  motion  origi- 
nates in  the  corrugated  metallic  box  a,  the  surface 
of  which  is  depressed  or  elevated  as  the  weight  of 
the  atmosphere  is  increased  or  diminished,  and  this 
motion  is  communicated  through  the  levers  to  the 
axis  of  the  hand  at  h.  The  spiral  spring  on  which 
the  lever  rests  at  d  is  intended  to  compensate  for 
the  efi'ects  of  alterations  of  temperature.  The  actual 
movement  at  the  center  of  the  exhausted  box  from 
whence  the  indications  emanate  is  very  slight,  but 
by  the  action  of  the  levers  this  is  multiplied  657 
times  at  the  point  of  the  hand,  so  that  the  move- 
ment of  i^T^tli  part  of  an  inch  carries  the  hand 
through  three  incnes  on  the  dial.  See  also  Bourdon 
Barometer. 

Fig.  211. 


Aneurism  Needles. 

An'oa-rlsm  Nee'dle.  A  needle  for  passing  a 
ligature  around  a  dilated  artery. 

An'ea-riun  Tonr'ni-quet.  An  instrument'for 
bringing  a  pressure  upon  a  sanguineous  tumor  re- 
sulting from  the  dilation  or  rupture  of  the  coats  of 
an  artery. 

The  instrument  has  two  legs  and  a  hinge-ibint. 
The  pressure  being  adjusted  as  required,  the  hinge 
is  ^  oy  the  key  so  as  to  make  it  rigid. 

An'gar-i-pola.  {Fabric.)  A  kind  of  coarse 
linen  made  in  Spain. 

An'ge-lot  A  musical  instrument  of  the  lute  kind. 

An'gel-Bhot    See  Chain-rhot. 

An'gle.  The  arris  or  edge,  salient  or  receding, 
fonned  by  the  junction  of  two  surfaces  not  in  the 
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Fig.  212. 


Feather. 

Rebate. 

Glue. 

Screws. 

Miter. 

Tongue  and  groove. 
See  Joint. 

Nails. 

Aneurism  TbunUquet. 


same  plane.  Various  are  the  modes  of  attaching 
the  two  portions  ;  among  other  devices  may  be 
cited  :  — 

Angle-joint. 
Cramp. 
Dovetail. 
Dowel. 

Pieces  at  the  angles  of  structures  are  known  as  — 

Angle-brackets,  ansle -rafters,  angle-ribs,  angle- 
bars,  angle-staffs,  angle-tie,  etc. 

An'gle-bar.  (Carpentry.)  The  upright  bar  at  the 
meeting  of  two  faces  of  a  polygonal  or  bow  window. 

An'gle-beacL  A  strip  having  a  rounded  edge, 
and  placed  at  the  vertical  e.Kterior  angle  formed  oy 
plastered  surfaces.     A  beaded-edge  angle-staff. 

An'i^e-brace.    A  comer-drill.     An  angle-tie. 

An'gle-braok'et  (Carpentry.)  One  beneath 
the  eave  at  the  comer  of  a  building,  and  projecting 
at  an  angle  of  45"  with  the  face  of  each  wall. 

An'gle-float  A  float  made  to  fit  any  internal 
angle  of  the  walls  of  a  room. 

A  float  is  a  plasterer's  trowel. 

An'gle-gage.  A  gage  for  setting  the  reflectors 
on  a  frame  for  the « exhibition  of  light  under  the 
catoptric  system,  has  two  long  arms  connected  by 
a  graduated  arc.  The  arms,  having  been  first  placed 
at  the  angle  which  is  supplemental  to  that  of  the 
inclination  of  the  axes  of  tne  two  adjacent  mirrors, 
arc  made  to  span  the  faces  of  the  reflectors,  one  of 
which  is  moved  about  till  its  edges  are  in  close 
contact  with  the  flat  surface  of  one  of  the  arms  of 
the  ga^. 

The  instrument  has  piany  other  applications. 

A  gage  for  determining  angles  of  hexagonal  nuts. 
The  graduated  bar  A  has  graduated  arms  B  and  C ; 

Fig.  218. 


Kellogg^s  Angk-  Gage. 

the  latter  movable,  and  provided  with  a  block  whose 
edge  fonns  with  it  an  angle  of  120"  as  a  gage  for 
hexagonal  prisms. 


An'gle-i'ron.  (Afachinery.)  A  bent  piece  joining 
the  sides  of  an  iron  structure.     See  Angle-joint. 

A  description  of  iron  which  is  used  for  ship's 
knees,  for  uniting  the  edges  of  plates  which  meet  at 
an  angle,  and  for  other  purposes  too  numerous  to 
mention.  On  a  larger  scale,  with  more  than  one 
bend,  it  may  form  a  beam,  girder,  or  rail,  the  differ- 
ence consisting  rather  in  proportions  and  purpose 
than  in  construction.  The  fagoting  and  construc- 
tion of  wrought-iron  beams  will  be  considered  under 
Beam,  Wrought- iron.  Some  devices  substan- 
tially  similar  in  inventive  features  will  be  found 
under  Railroad-rails,  Fagoting,  and  Rolling; 
the  difference  between  a  railroad-rail  and  a  girder 
is  one  of  shape  and  proportion  of  the  parts,  as  will 
be  seen  by  comparing  their  cross-sections. 

Lewis,  April  26,  1864.  The  rollers  have  flat 
fiEices,  and  a  central  triangular  groove,  and  rib  re- 
spectively, so  that  the  bar  can  be  introduced 
between  the  rollers  flat,  instead  of  comerwise.  The 
effect  of  this  is,  that  both  sides  of  the  angle-iron 
when  finished  nm  parallel  to  the  layers  of  the* 
original  bar,  and  not  crosswise,  as  ia  the  case  with 


one  side  of  the  angle-iron  when  rolled  in  the  ordi- 
nary manner.  The  parallelism  of  the  wings  with 
the  top  of  the  pile  is  maintained  till  the  bar  is 
reduced  nearly  to  its  proper  thickness,  "when  it  is 
finished  by  passing  it  through  a  plain  rectangular 
groove  which  turns  up  the  wings  and  finishes  them 
with  a  grain  conformable  to  that  of  the  original  bar. 
The  ordinary  angle-iron  is  a  bar  whose  section 

Fig.  216. 


^^ 


Angle-B-ons. 

forms  two  sides  of  a  triangle,  but  the  term  now 
includes  other  shapes,  such  as  the  cruciform,  etc. 

a  is  an  angle-iron  forming  two  sides  of  a  right- 
angled  triangle ;  b 

is   a    flatter    form  Kg.  216. 

with  two  flanges, 
and  is  called  ^^ctum- 
iiel-iron  "  ;  c  is  cra- 
cifomi  in  cross-sec- 
tion. It  is  called 
**  cro88  half -lattice 
ir(m."  Box-CHrderand  T-Btm. 


Digitized  by 


Google 


ANGLE-IRON. 


104 


ANGLE-IRON. 


d,  Fi^.  216,  shows  the  application  of  angle-iron 
in  making  a  box-girder,  or  wroueht-iron  cell ;  0  is  a 
form  having  a  (rZid  and  web.  it  is  called  T-iron. 
Other  forms  are  known  as  Z-iron,  I-iix)n,  etc. 

Fig.  217  shows  the  mode  of  using  angle-iron  in 
compound  girders,  tanks,  and  other  structures. 

/  shows  its  application  to  uniting  the  angular 
junction  of  two  plates. 


AngU-Irons. 

g  shows  a  beam  strengthened  by  angle-plates  at 
each  side. 

h  shows  angle-plates  unvting  a  tread-plate  and 
its  web. 

Angle-bars  for  shipbuilding  are  bent  and  worked 
into  the  various  forms  required  in  ships,  by  men 
called  angle-iron  smiths ;  they  are  then  punched 
with  holes,  generally  about  the  center  of  the  arm, 
and  by  the  rivets  inserted  in  these  holes  the  anrfe- 
iron  is  attached  to  the  plates  of  the  ship.  The 
dimensions  are  usually  given  in  the  specification  of 


Fl(c.  218. 


AngU-Ironsfor  ^ipbuUding. 


a  vessel  in  this  form,  namely,  3  in.  x  8  in.  x  ^ 
in.  This  means  that  each  arm  of  the  bar  is  to  be 
three  inches  from  the  angle,  and  the  thickness  in 
the  center  of  arm,  or  at  the  rivet-hole,  half  an 
inch. 

As  angle-iron  is  generally  applied  for  the  ribs  of 
a  ship,  the  arm  which  is  perpendicular  to  the  sur- 
face of  the  plates  is  that  which  is  in  the  position 
to  afford  the  greatest  stiffness  to  the  shell.  On  this 
account  angle-iron  has  been  rolled  with  arms  of 
unequal  lengths,  that  the  greatest  strength  may 
be  obtained  from  a  given  quantity  of  iron. 

a,  6,  c,  d,  are  angle-irons  and  braces  for  flooring 
in  iron  ships. 

e  shows  the  connection  of  outer  skin  and  inner 
flooring  by  angle-irons. 

/  is  the  arrangement  of  angle-irons  and  braces 
for  stiffening  ship^  bottom  longitudinally ;  answer- 
ing to  the  keelson  in  wooden  vessels. 

g,  keel ;  showing  its  connection  to  the  outer  skin 
and  beams. 

Fig.  219. 


AngU-honsJbr  l^ipbuUding. 

a,  J,  c,  d,  «,  /,  are  angle-irons  and  beams  employed 
for  flooring  in  iron  ships. 

g,  outer  skin  and  flooring  of  an  iron  steamer  with- 
out keel ;  showing  the  mode  of  connection  of  the 
two,  and  the  longitudinal  stiffening-plates  and 
angle-irons  of  ship's  bottom  aqd  flooring. 

The  angle-iron  and  plates  for  building  iron  ships 
are  heated  in  reverberatory  furnaces,  of  which  two 
are  generally  placed  together,  the  flues  from  them 
leading  to  one  chimney.  They  are  formed  of  brick 
and  have  a  brick  turned  ai-ch,  the  sides  being  se- 
cured by  binding-plaUSf  like  a  puddling-ftimaot. 

One  furnace  is  made  wide,  say  4^  x  10  feet,  and  is 
suitable  for  heating  plates  ;  the  other  long  and  nar- 
row, say  2  feet  wide  by  26  feet  long,  and  is  used  for 
heating  the  angle-bars  which  go  to  make  the  frame. 
An  iron  sill  is  placed  across  tne  doorway  on  which 
the  angle-iron  slides  in  entering  or  withdrawing. 

The  furnace  A  has  the  usual  grate-bars,  and  a 
pan  B  beneath,  filled  with  water,  cools  the  ashes  as 
they  fall  and  thus  preserves  the  bars  from  ii^juir. 

This  furnace  is  fed  with  coals,  the  flame  of  which 
passes  along  the  chamber  C,  and  over  the  brick  bed 
i>,  on  which  the  plates  or  bars  are  laid.  The  roof 
over  the  whole  is  a  brick  arch,  about  two  feet  from 
the  bed,  acting  by  reverberation,  to  concentrate  the 
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heat  upon  the  iron.  The  flame  and  hot  air  then 
escape  down  a  narrow  flue,  situated  across  the 
mouth  of  the  furnace,  and  leading  by  the  main  flue 
to  the  chimney.  The  end  at  which  the  plates  or 
bars  are  inserted  and  withdrawn  is  closed  by  a 
door  Fy  framed  of  iron,  and  enclosing  tire-bricks. 
This,  beiuff  very  heavy,  is  suspended  by  a  chain, 
and  this  chain  is  attached  to  a  lever  O,  having  a 
balance-weight  H  suspended  from  it,  that  the  men 
may  have  less  difficulty  in  raising  and  lowering  it. 

FiK.  220. 


AngU'Iron  Furtuue. 

An'gle-joiiit    Angle- joints  differ  according  to 
the  material,  thickness,  purpose,  and  exposure. 

a,  b,  ai^e  joints  which  ai-e 
entirely  dependent  upon  sol- 
der ;  such  are  used  with  tin- 
ware and  sheet-lead. 

c  is  a  miter-johit.  It  is 
used  for  thicker  metals  with 
hard  solders. 

d  m  2i.  butt-joint;  other- 
wise similar  to  c. 

<;  is  a  lap-joirU  ;  the  metal 
is  ci*eased  over  the  hcUchet- 
^  ^  stake  or  by  the  spinning-tool. 
It  requires  solder. 

/,  one  plate  is  bent  rec- 
tangularly, and  the  other  is 
doubly  bent  so  as  to  recurve 
back  on  itself,  lappinganmn/^ 
the  edge  of  the  other.  It 
needs  solder  to  keep  it  from 
slipping  apart. 
J  ^  nas  a  fold  to  each  plate  ; 
these  lock  upon  each  other 
^g  and  require  no  solder  to  per- 
fect their  hold,  although  it 
may  be  added  to  make  the 
joint  air  and  water  tight 
where  the  closure  is  not  ab- 
solutely perfect. 

A  is  a  riveted  joint,  one 
plate  being  bent  to  lap  upon 
the  other.  This  joint  is 
called  the  folded  angle,  and 
;  is  common  in  all  sizes  of 
work,  from  domestic  uten- 
sils to  steam-boilers. 

i,  the  edge  of  one  plate 
is  fonned  into  tenons  wnich 
Angte-joints.  enter  mortises  in  the  other, 

and  are  there  riveted. 
j  resembling  t,  except  that  the  tenons  are  pro- 
longed, so  as  to  be  retained  in  the  mortises  by  cotters, 
k,  one  plate  makes  a  butt-joint  with  the  other, 
and  is  attached  by  L-formed  rivets  or  screw-bolts, 
whose  heads  are  riveted  to  one  plate,  while  their 


screw-stems  pass  through  the  other  plate  and  are 
fastened  by  nuts. 

1,  the  two  plates  are  secured  by  being  bolted  or 
riveted  to  an  angle-iron,  which  is  straight  or  bent 
into  sweeps  accoraing  to  the  shape  of  the  object. 

An'gle-me'ter.    Any  instrument  for  measuring 
angles.     The  term  seems  to  have  become  more  par- 
ticularly applied  to  an  instrument  made  use  of  by 
geologists  for  ascertaining  the  dip  of  inclined  strata. 
In  the  broader  sense  of  a  measurer  of  angles  it 
would  include  a  great  number  of  astronomical  and 
surveying  instruments  for  measuring  angles,   such 
Euits,  sextants,  theodo- 
8  in  altitude  and  azi- 
adaptation,  as  augu- 
ictors,  etc.,  which  are 
treated  under   their 
U  respective  heads. 
An'gle   of    Re- 
pose'.   (Civil  Engi- 
neering.)  1.  The  ut- 
most   inclination   at 
M  which  a  carriage  will 
—  stand  at  rest  upon 
a  road.     At  the  an- 
gle   of    repose,    the 
gravity  of  the  load 
and  the  friction  of 
the  load  are  equal.    See  Friction. 

2.  The  natural  angle  at  which  the  soil  of  a  cut- 
ting or  embankment  will  stand  without  slipping. 
See  SiAjpE. 

An'gle  of  Sight  (Ordnance.)  The  natural 
angle  of  sight  is  the  angle  between  a  line  drawn 
through  the  axis  of  the  bore,  and  a  line  drawn 
from  the  rear  of  the  base-ring  to  the  swell  of  the 
muzzle  or  to  the  top  of  the  sight. 

An'gle-plane.  A  plane  whose  bit  reaches  into 
a  re-entering  angle. 

An'gle-raft'er.  (Carpentry.)  A  rafter  at  the  hip 
of  a  roof,  receiving  the  heads  of  the  jack-rafters  or 
cripple-studding. 

An'gle-etafil  A  strip  of  wood  fixed  to  the  ver- 
tical angle  of  a  wall  flush  with  the  plastering  of  the 
two  planes.  It  is  designed  as  a  substitute  ror  plas- 
tering in  a  situation  so  much  exposed. 

A  round  staff*  is  known  as  an  angle-bead. 

An'gle-tie.  {Carpentry.)  A  brace-piece  in  the 
interior  angle  of  a  wooden  frame,  securing  two  side- 
pieces  together  and  occupying  thereto  the  position 
of  a  hypothenuse. 

An-go'ra.  (Fabric.)  A  light  and  fashionable 
cloth  made  from  the  wool  of  the  Angora  goat. 

An'gu-lar  Fila  A  locksmith's  tile  for  working 
into  the  corners  of  the  wards  in  keys. 

An'gu-lar  Gtoar'ing.  The  wheels  are  quadri- 
lateral, and  the  speed  of  the  driven  wheel  is  variable. 
The  driving-wheel,  ro- 
tating at  regular  speed, 
will  impart  a  quicker 
rate  to  the  other  wheel 
when  the  angle  of  the 
former  is  in  contact  with 
the  flat  side  of  the  lat- 
ter, and  convei*sely.  Has 
been  used  in  printing- 


Fig.  222. 


An'gu-lar  In'stru- 
ments.  (Surveying.)  One  in  which  the  horizontal 
angles  are  measui-ed  by  a  divided  circle  and  verni- 
ers as  well  as  by  the  needle  ;  as  the  superior  kinds 
of  railroad  comjiasses,  the  engineer's  and  surveyor's 
transits,  etc. 

An'gu-lar  I'ron-band.    A  feirule  angular  in  its 
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cross-section.  A  square,  or  other  sided  collar  or 
binding-hoop. 

An'gu-lar  Thread.  A  screw-thread  whose  pro- 
jection beyond  the  barrel  of  the  screw  is  triangular 
in  cross-section.  In  contradistinction  to  a  square 
thread. 

An-gn-lom'e-ter.  This  instniment  is  defined  by 
Francis  as  one  for  measuring  exterior  angles.  The 
terms  angle^meter  and  ^nioraeter  might  oe  held 'to 
mean  the  same  thing  judging  by  their  derivation, 
but  the  former  is  applied  to  instruments  used  by 
geologists  for  measuring  the  dip  of  strata,  and  the 
latter  for  measuring  the  angles  of  crystals. 

A  try-square  may  be  termed  an  angulometer,  **  a 
bent  measure." 

Thayer,  August  26, 1862.  This  invention  consists 

in    so   construct- 


Fig.228. 


T%aytr*s  Ftane  Angulometer. 
in  the  same  plane,  and  carries 
Fig.  224. 


HaWs  Angulometer, 


ing  and  hang- 
ing a  pendulum, 
and  connecting  it 
with  a  portion  of 
the  surface  of  a 
sphere,  that  itwill 
indicate  at  «nce 
whether  any  plane 
to  which  it  IS  ap- 
plied is  level ;  and 
if  not  so,  will  show 
the  degrees  of  the 
angle,  whether  of 
elevation  or  de- 
pression, which 
such  plane  makes 
with  the  horizon. 
The  i^endulum 
moves  vL\ion  three 
or  more  bearings 
upon  its  top  a 
graduated  arc, 
acting  in  com- 
bination with 
the  spherical 
surface  and  the 
opening  there- 
in. 

Hall's  angu- 
lometer has  two 
hingedlegs,  and 


a  graduated  arc  which  indicates  the  dihedral  angle. 

An  instrument  called  a  mdrans^  for  measuring  the 

angle  for  the  facets  of  gems  in  cutting  and  polishing. 


Genevese  Angulometer. 

The  gem  is  cemented  on  the  end  of  a  rod  which 
is  clamped  between  the  jaws  a,  which  are  closed  like 
a  vise  by  means  of  a  set-screw  passing  through 
them.  Each  of  the  jaws  haa  on  the  inside  a  hemi- 
spherical cavity  into  which  is  fitted  a  brass  ball. 
A  tube  passes  through  the  ball,  and  carries  at  its 
upper  end  a  small  graduated  disk.  The  cement- 
stick,    carrying  the  stone  to  be  cut,   fits  within 


the  tube  sufficiently  tight  to  hold  it  while  '''j- 
a  facet  is  being  cut,  and  the  upper  end  of 
the  stick  has  a  pointer  by  which  the  divis- 
ions on  the  disk  are  read  off. 

The  vertical  angle  of  the  tube  is  deter- 
mined by  the  quadrant  c,  fixed  on  one  side 
of  the  jaws  a,  and  the  tube  is  retained  at  any 
angle  by  closing  the  jaws  upon  the  ball.  The 
divisions  of  the  quadrant  admit  of  any  degree 
of  vertical  inclination  upon  the  skive^  or  of* 
vertical  position  when  grinding  the  tabic  or 
collet. 

The  facets  around  the  stone  will  be  deter- 
mined  by  twisting  the  cement-stick  in  the  ^^^ 
tube,  until  the  index  marks  the  required 
division  on  the  disk  h. 

An'i-mal    Black.      Carbonaceous     Fig.  227. 
matter  obtained  by  the  calcination  of  ^ 

bones  in  close  vessels.    Used  in  filtering, 
deodorizing,  defecating,  discoloring  syr-  . 
ups,  liquors,  solutions. 

Anl-mal  Char'coal.  Calcinedbones 
prepared  for  sugar-refining.  See  Bone- 
black  Furnace. 

An'i-mal  Clntoh.  A  gripping  device 
for  catching  animals  by  ttie  leg.  It  is 
especially  used  for  slinging  animals  dur- 
ing the  operations  of  slaughtering. 

In  the  noose  form,  Fig.  226,  the  chain 
is  attached  to  one  end  of  ,the  plate,  and 
the  key  on  the  end  of  the  chain  engages 
in  the*  slot  to  form  a  bi^ht  for  looping 
around  the  leg  of  the  animal. 

In  another  fonn.  Fig.  227,  thegambrel 
of  the  animal  is  clutched  by  the  gripping- 
jaws  which  are  attached  by  cnains  to 
the  frame,  whose  roller  travels  on  a 
way -rod  to  transport  the  hog  from  the 
"sticker  "  to  the  scalding-tub,  or  from 
the  latter  to  the  "gutter.^' 

An'i-mal'cule   Cage.     A  cell   in 
which   living  microscopic   objects  are  Hog-Hoiater. 
kept  and  exposed  to  view. 

An^i-mal-iz'tng  Pi'ber.  The  process  of  confer- 
ring upon  vegetable  fiber  the  physical  characteristics 
of  animal  fiber.  Cotton,  under  the  microscope,  is  a 
ribbon-shaped  tube,  and  when  treated  with  a  cold, 
strong  solution  of  caustic  soda,  shrinks  and  assumes 
the  form  of  a  simple  cylinder.  It  becomes  stronger, 
smaller,  and  has  an  increased  capacity  for  receiving 
coloring  matter. 

An'i-mal  Poke.  A  yoke  placed  upon  an  animal 
to  keep  it  from  pushing  down  or  jumping  fences. 
See  Poke. 

Anl-mal  Pow'er.  The  expression  of  the  nu- 
merical values  of  the  results  of  tne  labor  of  men  and 
animals,  particularly  horses,  is  a  subject  which  on 
account  of  its  eminently  practical  bearing  has  at- 
tracted considerable  attention  among  scientific  as 
well  as  practical  men. 

A  work  entitled  '*  De  Motu  Anamalium  "  was  pub- 
lished as  far  back  as  1680  by  Borelli,  but  Coulomb, 
who  devoted  a  great  deal  of  attention  to  the  matter, 
has  furnished  more  information  of  practical  value 
than  any  other  writer. 

The  unit  of  value  employed  by  Coulomb  was  1 
kilogramme  (2.2047  pounds)  transported  a  distance 
of  one  kilometre  (6.214  miles)  the  total  force  exerted 
being  estimated  by  the  number  of  kilogrammes  of 
the  burden  multiplied  by  the  number  of  kilometres 
it  is  transported  during  a  working  day  of  eight 
hours  ;  these  measures  are  of  course  readily  reducible 
to  any  other  denominations,  as  pounds  and  miles. 

Coulomb  ascertained  that  on  an  average  a  man 
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could  travel  unloaded  31  miles  per  day ;  and  sup- 
posing his  weight  to  be  160  lbs.,  the  expression  for 
the  effect  exerted  by  him  would  in  tnis  case  be 
160x31=4,960  pounds  carried  one  mile  per  day. 
He  found  also,  by  the  average  of  the  work  performed 
by  the  porters  of  Paris,  that  a  man  could  carry  a 
burden  equal  to  128  lli.  9.72  miles  per  day.  As- 
suming  the  weight  of  the  man  to  be  160  lbs.,  the 
total  effect  produced  would  be  equivalent  to  160  + 
128  X  9.72=2,799  ;  but  the  transportation  of  his  own 
weight  formed  no  part  of  the  useful  effect,  which  is 
consequently  expr^sed  by  128  x  9.72=1,244. 

The  useful  enect  is  found  to  be  at  a  maximum 
when  a  man  is  loaded  with  121  pounds  ;  under  this 
burden  he  can  walk  10^  miles  per  day,  giving  an 
effect  of  121x10^=1,250. 

A  porter  going  short  distances  with  a  burden  and 
returning  unloaded,  as  usually  occurs,  carries  135 
lbs.  7  miles  per  day.  A  man  can  wheel  150  lbs.  in 
a  wheelbarrow  10  miles  in  the  same  time. 

The  maximum  effect  of  a  strong  man  exerted  for 
2i  minutes  is  estimated*  at  18,000  pounds  raised  one 
foot  in  a  minute  ;  and  the  force  of  a  man  of  ordinary 
strength  exerted  in  lifting  is  equivalent  to  30  lbs. 
raised  2J  feet  per  second  for  ten  hours,  or  4,500 
lbs.  raised  1  foot  per  minute  ;  the  estimated  power 
of  a  horse  being  equivalent  to  33,000  pounds  raised 
one  foot  in  the  same  time,  according  to  Boulton 
and  Watt's  experiments.' 

The  following  statement  by  Hachette  shows  the 
force,  exerted  by  the  strength  of  men  applied  in 
various  ways,  expressed  in  terms  equivalent  to  the 
number  of  pounds  carried  by  a  man  one  mile  during 
a  day  of  eight  hours. 
Drawing  alight  four-wheeled  wagon  over 

moderately  uneven  ground        .        .     857  lbs. 
Pulling  horizontally  at  a  rope  attached 
to  a  weight  and  passing  through  a 

puUey 878  •• 

Rowing  in  a  boat 374  " 

Pushing  horizontally,  as  at  a  capstan  .        368  ** 
Taming  a  winch  and  axle  .        .     159  " 

The  above  estimates  are  based  on  the  average 
strength  of  men  generally,  and  in  many  instances, 
especially  in  carrying  weights,  are  largely  exceeded  ; 
thus  it  is  said  that  a  London  porter  will  carry  200 
lbs.  on  his  shoulders  at  the  rate  of  three  miles  an 
hour,  but  such  efforts  cannot  be  sustained  for  any 
great  length  of  time.  The  porters  of  CJonstanti- 
nople  are  said,  by  a  judicious  distribution  of  their 
burdens,  to  cany  much  greater  weights  than  this 
for  considerable  distances. 

The  useful  effect  of  a  horse  walking  in 
a  circle,  as  in  turning  a  mill,  is  es- 
timated at     800  lbs. 

A  horse  canying  a  load  of  200  lbs.  25 

miles  per  day 6,000** 

An  African  dromedary  carrying  his 
rider  (160  lbs.)  can  travel  for  9  or 
10  hours  at  the  rate  of  between  7 
and  8  miles  per  hour ;  say  160  x  9^ 

x7i= 11,400** 

An  Asiatic  camel  can  carry  a  load  of 
from  500  to  800  lbs.  .at  the  rate  of 
2}  hours  ;  this  for  a  day  of  8  hours 
would  give  (assuming  the  load  to 
be  600  lbs.)  600  x  8  x  2i  or  .  .  12,000  ** 
A  draft-horse  can  draw  1,600  lbs.  23  miles  per 
day,  the  weight  of  the  carriage  being  included. 

In  hauling  for  short  distances  and  returning 
unloaded,  a  horse  will  draw  on  a  good  road  2,000  lbs. 
or  more,  exclusive  of  the  weight  of  the  cart. 

In  drawing  a  load  the  greatest  effect  is  found  to 
be  produced  when  the  traces  are  perpendicular  to 


the  collar ;  as  the  position  of  the  horse  changes  in 
heavy  pulUng,  the  traces  become  more  nearly  paraUel 
to  the  road.  With  very  heavy  drafts,  loading  the 
back  of  a  horse  is  found  rather  advantageous  than 
otherwise,  by  not  compelling  him  to  incline  forward 
so  much  ana  enabling  him  to  use  his  muscles  in  a 
more  advantageous  position.  The  circle  in  which  a 
horse  moves  in  turning  a  mill  should  not  b^  less 
than  25  or  30  feet ;  40  feet  is  better. 

According  to  Tredgold,  a  horse  can  draw,  as  indi- 
cated by  the  dynamometer,  125  pounds  at  the  rate  of 
24  miles  per  hour,  which  for  one  day  will  give  125  x 
2i  X  8=2,500.  By  the  experiments  of  Boulton  and 
Watt  they  determined  that  a  good  horse  can  draw 
125  pounds  at  the  rate  of  3  miles  per  hour,  125  x  3  x 
8=3,000  pounds  one  mile  in  a  day.  Multiply  this 
amount  by  the  number  of  feet  in  a  mile,  and  divide 
the  product  by  the  number  of  minutes  in  8  hours  ; 
the  result  is  33,000,  which  stands  for  the  number  of 
pounds  raised  one  foot  per  minute,  and  this  is  now 
the  admitted  measure  of  a  horse  power. 

Anl-maUk  In  the  nomenclature  of  the  mechanic 
arts,  the  names  of  animals  have  not  been  entirely 
overlooked  e. 

Ass. 


Bear. 

Bee. 

Beetle. 

Buck. 

Buffalo. 

Bull-dog. 

Butterfly. 

Camel. 

Cat. 

Cock. 

Cow. 

Crab. 

Crane. 


Cricket. 

Crow. 

Dog. 

Dolphin. 

Drill. 

Fish. 

Fly. 

Fox. 

Frog. 

Goose. 

Hawk. 

Hedgehog. 

Hog. 

Horse. 


Hound. 

Jack. 

Jenny. 

Kite. 

Leech. 

Lizard. 

Mole. 

Monkey. 

Mouse. 

Mule. 

Pig. 

Pike. 

Ram. 


Rat. 
Seal. 
Serpent. 
Skate. 

SnaiL 

Sole. 

Starling. 

Swift. 

Throstle. 

Turtle. 

Urchin. 

Worm. 


Each  of  these  useful  animals  is  described  in  its 
alphabetical  place. 

Anl-mal  Trap.  A  device  for  catching  animals. 
There  are  numerous  varieties  ;  some  to  set  in  the 
path  of  the  animals,  others  are  pulled  off  by  a  per- 
son on  watch  ;  the  more  common  forms  are  those  in 
which  the  animal  is  the  cause  of  his  own  capture 
by  meddling  with  the  bait,  or  by  crawling  into  his 
prison  in  search  of  food. 

A  few  instances  of  different  arrangements  will  be 
given. 

1.  The  guiHotine-trap  has  a  descending  knife  or 
row  of  spikes  which  descends  vertically  upon  the 
animal  which  is  tampering  with  the  bait. 

2.  The  rotating-elaw  is  actuated  by  a  spring  on 
the  axis,  and  is  released  by  nibbling  at  the  twdt.  It 
strikes  the  animal,  and  throws  him  to  a  distance, 
resetting  itself. 

3.  The  dead-fall  is  a  weight  or  spring  bar,  re- 
leased by  the  animal,  either  by  stepping  on  a  plat- 
form or  touch- 
ing the  bait.  ^'  228.  

4.  Thesmp-  ^  ■■  -^==^ 
ping^jaw-trap  ^  II  • ' 
is  shown  in  the 
familiar  form 
wherein  the 
jaws  are  actu- 
ated by  a 
spring  released 
by  the  depres- 
sion of  a  small 
platform  be- 
tween them. 

Anotherform-  _^ 

of  jaw-trap  is  Sprint^  Jait^TYap. 
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seen  in  Fig.  228,  in  which  the  spring  and  jaws  are 
made  of  one  strip  of  steel,  and  the  brace,  which 
keeps  them  apart,  has  the  bait  attached  ;  a  trigger 
releases  the  jaws,  which  grasp  the  animal  that 
is  pulling  upon  the  bait. 

The   illustration   shows 
Fig-  229.  the   mode   of  setting  the 

trap.  The  forward  part 
stands  on  two  legs,  and 
the  bow  at  the  rear  is  sup- 
ported on  a  little  crotch. 

5.  The  falling-cage.  This 
may  be  a  wire  basket,  as 
in  Fig.  229.  The  bell- 
shaped  cage  is  suspende<l 
vertically  above  the  plat- 
form V  it  rests  upon  a  tog- 
gle-jointed bar,  and  is 
releajsed  by  the  baited 
trigger,  which  allows  the 
toggle  to  double  up. 
Another  form  of  dropper 
280.     A   disk   with   a  circular 


Falling' Qtge  7)up. 


1^   shown  in  Fig. 
series    of   vertic^    wires. 

The  arm  which  rises  ver- 
Hg.  280.  tically  from  the  falling  disk 

has  at  top  a  staple  which 
rests  on  the  top  of  a  vibrata- 
ble  lever,  to  which  the  bait 
is  tied. 

The  fall  of  the  disk  im- 
prisons or  impales  the  ani- 
mal. 

6.  The  gravila  ting-plat- 
form  has  many  forms. 
Fig.  231  may  be  taken  as 
an  illustration. 

Pressure  on  the  swinging 
bait-box  releases  the  plat- 
form, which  swings  and  pre- 
cipitates the  animal  into 
the  cage  beneath.  The  ad- 
justable weight  returns  the 
platform  to  place,  when  it 
Decomes  reset. 

The  essential  features  of 
these   traps   are  a  falling 
platform,    a  resetting   de- 
vice, and  a  receiver  beneath. 
The  resetting  is  sometimes 
Dropping- Qtge  2V«p.        done   by   a    spring,    some- 
times by  a  weight,  in  some 
cases  by  the  animal  in  passing  to  an  interior  cham- 
ber. 

Fig.  231. 


PaUing-Ftat/orm  IVop. 

7.  The  rotaiing-plaffonn.  Fig.  232,  has  a  number 
of  platforms  brought  successively  into  use. 

A  series  of  wings  is  attached  to  a  rotary-shaft 
that  is  actuated  by  a  weighted  cord,  so  that  they 
consecutively  assume  a  horizontal  position,  fonning 
a  platform  ujion  which  the  rat  stands  while  nibbling 


at  the  bait, 
and  from 
which  he  is 
thrown  down 
into  the  trap. 
In  anoth- 
er form,  the 
wheel  is  ro- 
tated by  a 
coiled  spring, 
the  radial  ^ 
wings  being  ^ 
in  turn  de- 
tained by  their  | 
latches,  which  ^ 
catch  upon  a  ^^' 
detent-lug  on 
the  case.    The 


ng.  282. 


Rouxnf-ruaform.  TYap. 


motion  of  the  oscillating  platform  disengages  the 
latch,  the  wing  descends,  and  the  next  becomes 
ready  for  duty. 

Fig.  233  has  a  duplication  of  the  rotary 
feature.  The  invention  consists  of  two  radial  ro- 
tating-platforms,  each  held  in  position  by  separate 
triggers,  but  the  wires  controlling  them  come  to- 
gether at  the  bait-hook,  which  forms  one  of  them. 

Fig.  238. 


GateheWi  Trap. 

Each  wire  is  connected  with  a  rock-shaft,  and  the 
triggers  or  detents  are  withdrawn  by  the  pulling  of 
the  bait  by  the  animal,  whose  resting-place  is  at 
the  center,  upon  two  wings.  Upon  the  animal 
falling  into  a  receptacle  below,  the  trap  is  reset. 

8.  The  falling-doar.  Several  forms  of  traps  which 
come  under  this  class  are  familiar  to  the  public, 
some  with  one  door,  and  some  with  two. 

Fig.  284. 
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FrUltnu'Door  TVap. 
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Fig.  234  is  open  at  both  ends,  when  set,  the  doors 
B  being  supported  by  triggers.  The  animal  stand- 
ing on  the  platform  G^  to  reach  the  bait  on  the 
hook,  operates  the  rods  /,  G,  and  releases  the  doors, 
which  fall  simultaneously.  This  darkens  the  trap, 
and  the  animal  lifts  the  grating  0  in  passing  to  the 
light  chamber  M,  Th^  opening  of  the  grating  G 
resets  the  trap. 

9.  A  diding-gcUe.  Of  these  there  are  several 
varieties.  In  Fig.  285  the  animal  passes  through 
one  of  the  holes  into  the  first  chamber.     His  weight 


Fig.  286. 


Sliding- Oate  2Viip. 


on  the  platform  brings  the  shutters  over  the  holes 
and  prevents  his  return.  In  passing  through  the 
grated  door  into  the  next  chamber  he  resets  the 
trap. 

Jn  Fig.  236  the  box  is  provided  at  its  center 
with  an  oscillating  platform,  to  which  is  rigidly 
attached  an  upright  leaf  or  partition  of  the  same 
width,   which  has  its  openings  for  the   entrance 

Kg.  288.  * 


In  another  form  the  box  forming  the  trap  is  pro- 
vided with  two  apartments,  separated  in  the  usual 
way  by  a  hinged  grating,  or  self-closing  door.  In 
the  first  apartment  is  arranged  a  revolving  shaft 
armed  with  vanes  or  paddles,  and  actuated  by  a 
spring.  The  animal,  on  entering  this  first  apart- 
ment, releases  by  means  of  a  treadle  the  detent  of 
the  revolving  vanes,  which  press  the  said  animal 
forward,  causing  him  to  enter  the  inner  chamber, 
the  said  detent  immediately  checking  the  further 
revolution  of  the  vanes.  An  index  on  the  outside 
of  the  trap  indicates,  by  the  number  of  vanes  re- 
leased, the  number  of  animals  caught. 

10.  The  ca^e.  This  class  includes  those  in  which 
an  inverted  wire  basket  is  entered  between  a  set  of 
converging  wires  which  oppose  a  return. 

Sometimes  this  form  of  trap  has  a  grated  inclined 
door. 

11.  The  noose.  This  is  a  very  -old  form  of 
snare,  con-sistin^  of  a  running  noose  placed  in  the 
path  of  the  animal.  Such  were  the  **  aprifiges  to 
catch  woodcocks,"  of  old  Polonius.  They  are  used 
by  poachers  in  England  for  snaring  hares,  and  by 
boys  for  catching  the  less  aristocratic  rabbit. 


Fig.  288. 


Baleer''s  TVap. 

of  the  animal  so  arranged  that  when  it  depresses  the 
tilting  platform  by  its  weight,  the  said  attached  leaf 
or  ]9artition  is  thereby  swung  past  said  opening, 
leaving  the  opposite  side  of  the  platform  in  like 
manner  open  to  admit  the  next  visitor.  The  en- 
trapped animal  escapes  on  either  side  into  a  closed 
apartment. 

Fig  287. 


Among  barbarous  nations  and  fron- 
tiersmen a  snare  of  this  kind  is  attached 
to  a  sapling  bent  over  and  held  by  a 
^  trigger.        The 
springing   of  the  Fig.  289. 

triggerreleasesthe 
sapUng,  tightens 
the  noose,  and  I 
swings  the  animal 
clear  of  the  ground. 

The  common  mouse-trap  is 
another  form  of  the  noose.  A  J 
bow  of  spring  wire  is  depressed 
at  an  opening,  and  the  tam-  //, 
pering  with  the  bait  allows  ^ 
the  loop  to  spring   up 
and  strangle  tne  animal 
T^  against  the    top  of  the 
"^  opening.     (Fig.  238.) 
Anklets.    Cunning- 
ham,   March   20,    1866. 
The   frame   is  made  in 
three  portions,  reaching 
from   a  garter-band   on 
the  leg  to  the  skate.   The 
upper  two  portions  are 
extensible  on  each  other 


JUwMng-Gau  2hip.  piece  hinged  to  the  lower 


Ctmmngham^s  AnkU' 
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one  to  permit  the  said  motiou.  It  is  intended  to 
stiffen  the  ankle-joint  and  prevent  the  ankle  turn- 
ing sideways  in  skating. 

The  term  is  also  applied  to  an  article  of  dress 
which  forms  an  extension  above  the  top  of  the 
bootee  or  the  shoe,  and  forms  in  some  cases  a  protec- 
tion for  a  weak  ankle,  in  others  is  merely  an  orna- 
mental extension. 

Stockings,  stiffened  with  steel  springs  or  whale- 
bones, worn  as  a  protection  to  weak  ankles,  may  also 
be  termed  anklets. 

See  Gaiters. 

Annealing.  Annealing  is  a  process  used  in  the 
manufacture  of  glass  and  iron  for  the  purpose  of 
rendering  them  less  brittle.  It  is  performed  bv 
allo^%4ng  them  to  cool  very  gradually  from  a  high 
heat,  a  sudden  reduction  of  temperature  rendering 
them  hard  and  brittle.  The  singular  properties  of 
enameled  glass  are  strikingly  shown  in  Prince  Ru- 
pert's drops  and  the  Bologna  vial.  The  former  are 
prepared  by  allowing  melted  glass  to  drop  into 
water,  where  the  drops  which  are  not  broken  by 
contact  with  the  water  form  irregularly  elongated 
globular  bodies  tapering  to  a  tail  at  one  extremity. 
These  will  bear  a  considerable  blow  on  the  thick 
end  without  breaking,  but  if  a  small  piece  be 
snapped  off  the  tail  the  whole  immediately  falls  into 
powder,  emitting  a  cracking  sound. 

The  Bologna  vial  is  a  rude  flask  of  some  three  or  four 
inches  in  length  by  about  one  in  diameter,  and  from 
-^(T  to  ^  of  an  inch  in  thickness. 

If  a  leaden  bullet  be  dropped  into  it  from  a  height 
of  three  or  four  feet,  or  it  be  struck  a  smart  blow  on  the 
outside  with  a  stick,  it  will  not  break,  but  the  drop- 
ping of  a  grain  of  sand  or  a  small  sharp  fragment 
of  flint  into  it  will  cause  it  to  crack  and  fall  to 
pieces. 

Upon  the  proper  annealing  of  glass  much  of  its 
utilitv  for  many  purposes  entirely  depends,  and  for 
vessels  which  are  to  be  subjected  to  great  extremes 
of  heat  and  cold,  careful  annealing  is  absolutely  in- 
dispensable. Its  neglect  is  one  of  the  principal 
causes  of  the  breakage  of  so  many  lamp-chimneys, 
tumblers,  etc.;  whose  cost  often  forms  such  a  con- 
siderable item  in  domestic  expenditure.     See  Glass. 

Annealing  is  also  a  necessary  process  in  the  manu- 
facture, by  drawing,  of  wire  and  small  tubing,  as  well 
as  in  making  brass,  copper,  or  sheet-iron  vessels  by 
hammering  and  rolling ;  the  metal,  by  compression, 
becoming  too  hard  and  brittle  for  further  reduction 
until  annealed,  after  which  it  recovers  its  former 
softness  and  pliability. 

When  molten  glass  is  allowed  to  cool  slowly,  its 
particles  assume  a  fibrous  arrangement,  which  im- 
parts a  certain  elasticity  to  the  whole  mass,  so  that 
it  can  transmit  vibrations  from  one  extremity  to 
the  other.  When  suddenly  cooled,  the  interior  par- 
ticles are  enclosed  by  the  solidification  of  the  exte- 
rior before  they  have  assumed  the  fibrous  condition 
which  insures  the  elastic  structure  or  condition. 

Glass  may  be  annealed  by  placing  it  in  tepid 
water,  boiling  it  for  a  considerable  length  of  time, 
and  then  allo^^ing  it  to  cool  gradually. 

Glass-ware  is  annealed  by  placing  it,  while  yet 
hot,  in  an  oven,  technically  called  a  /«t,  in  which 
the  glass  is  allowed  to  cool  very  gradual Iv.  A  com- 
mon form  of  the  leer  is  a  long  oven,  with  sliding  or 
travelling  pans  to  hold  the  glass-ware,  which  enters 
at  one  end,  as  hot  as  it  comes  from  the  hands  of 
the  glass  blower  or  presser,  and  by  the  gradual 
accession  of  pans  of  ware  is  pushed  to  the  other 
end,  whence  it  issues  at  a  temperature  which  per- 
mits it  to  be  handled.  The  particles  of  glass  are 
supposed  to  assume  a  different  structural  relation, 


when  thus  slowly  cooled,  which  favors  their  cohe- 
sion, and  permits  a  certain  degree  of  resiliency  or 
elasticity.  When  cooled  suddenly,  there  scans  to 
be  an  inherent  strain,  a  compulsoiy  union,  but 
faulty  and  fragile  static  condition,  whose  equilib- 
rium  is  disturbed  by  an  excitant  in  the  form  of  a 
blow,  which  generates  a  tremulous  motion  among 
the  particles,  and  permits  them  to  yield  to  thS 
disruptive  force.  This  disruptive  tendency  may 
arise  from  want  of  homogeneity,  unequal  contrac- 
tion, or  something  else. 

In  the  annealing  of  metals,  cast-iron  for  instance, 
the  metal  is  brought  to  a  red  heat,  and  then  al- 
lowed to  cool  slowly.  The  rationale  of  this  process 
has  been  variously  explained,  and  the  most  reason- 
able seems  to  be  that  the  particles  of  metal  take  a 
different  arrangement  under  these  circumstances 
from  that  assumed  by  them  when  allowed  to  cool 
rapidly.  In  the  latter  case  the  exterior  portion 
of  the  metal  contracts  first,  and  presses  upon  the 
interior  portion,  and  the  particles  of  the  latter 
may  thereby  be  compeUed  to  take  an  arrangement 
which  they  would  not  were  the  cooling  to  take 
place  at  an  equal  rate  in  every  part,  and  tne  process 
of  cooling  be  long  protracted.  It  does  not  seem 
to  be  determined  wnether  the  protraction  of  the 
process  is  merely  necessary  to  insure  an  equal  rate 
of  cooling  in  every  part,  but  it  is  not  a  violent' con- 
iecture  that  the  said  slowness  may  favor  a  particu- 
lar aggregation  of  the  particles,  which  gives  them 
the  greatest  possible  cohesion  attainable  with  the 
structural  nature  of  cast-iron.  In  making  cast-iron 
malleable,  as  it  is  termed,  a  process  much  used  in 
making  builders'  hardware,  the  metal  is  kept  for 
several  hours  at  a  temperature  a  little  below  the 
fusing-point,  and  then  allowed  to  cool  slowly. 
From  tne  prolongation  of  both  stages  of  the  process 
in  this  case,  it  is  evident  that  the  perfect  result  is 
best  attained  by  giving  the  particles  time,  and  not 
violently  changing  their  structural  relation  ;  unless 
it  be  held  that  chemical  changes  in  the  furnace 
(such  as  parting  with  a  portion  of  the  carbon) 
have  to  be  taken  into  consideration,  and  that  the 
change  is  not  .all  in  the  mechanical  disposition  of 
the  particles.  Tempering  and  annealing  are  nearly 
allied,  but  the  processes  are  not  confounded  in  the 
arts,  owing  to  their  different  technical  applications. 
The  word  "annealing"  is  derived  from  the  An^lo- 
Saxon  signifying  to  "  kindle,"  and  the  heating  is  a 
necessary  preliminary  whether  to  withdraw  the 
hardness  incident  to  hammering  and  rolling  of 
malleable  metals,  or  the  hardness  incident  to  the 
rapid  cooling  of  a  casting  in  its  mold.  The  pro- 
traction of  the  process  of  cooling  the  casting  has  a 
favorable  effect  upon  its  toughness  and  comparative 
softness.  This  is  plainly  seen  bv  comparing  them 
with  chill-harden^  articles,  which  are  rendered 
hard  and  brittle  by  the  sudden  cooling. 

Exposure  of  the  hot  steel  to  a  cold  surface  renders 
it  hard.    This  is  usually  done  by  dipping  the  red-  . 
hot  metal  in  water,  but  other  cold  surfaces  which 
are  rapid  conductors  will  answer  the  same  purpose. 

A  thin,  heated  blade  placed  between  the  cold 
hammer  and  anvil  is  hardened  by  rapid  cooling. 

Thicker  pieces,  under  the  same  cireumstances,  are 
somewhat  hardened,  but  may  be  filed. 

Placed  on  cold  cinders,  or  other  bad  conductor^ 
the  steel  cools  more  slowly  and  becomes  softer. 

Placed  in  hot  cinders,  and  allowed  to  cool  by 
their  gradual  extinction,  it  becomes  still  softer. 

Encased  in  a  close  box  %vith  charcoal-powder, 
raised  to  a  red  heat,  and  allowed  to  cool  very  slowly, 
it  reaches  it«  softest  state,  except  by  a  partial  de- 
composition, as  in  the  following  process. 
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The  steel  is  placed  in  a  close  box  with  iron  tum- 
infls,  filings,  or  scales,  lime,  or  other  matters,  which 
wul  eliminate  the  carbon  from  the  steel,  and  reduce 
it  to  the  condition  of  pure,  soft  iron.  This  is  the 
process  used  in  softening  plates  and  dies  under  the 
modem  system  of  bank-note  engraving  invented  by 
Jacob  Perkins  (cited  below). 

Analogous  processes  are  had  in  the  case  of  cast-iron, 
producing  the  various  grades  of  hardness,  from  the 
chilled  cast-iron  to  the  soft  malleable  iron-castings. 

The  annealing  of  steel,  to  soften  it  for  the  uses 
of  the  die-sinker  and  engraver,  is  effected  by  heating 
it  to  a  bright  cherry  red,  and  suffering  it  to  cool 
gradually  in  a  bed  of  charcoal.  Another  process, 
adopted  by  the  writer,  has  been  to  imbed  the  steel 
blanks  or  fomngs  in  lime  within  a  cast-iron  box. 
This  is  heated  to  redness  in  the  fire,  remaining  a 
sufficient  time  to  insure  an  equal  heat  of  the  articles 
inside  ;  the  box  is  then  removed  and  buried  in  hot 
ashes,  which  protract  the  process  of  cooling  for  sev- 
eral days.    See  Tempering. 

Perkins's  process  of  transfer-engraving  is  as  fol- 
lows :  — 

A  soft  steel  plate  is  first  engraved  in  finished 
style,  either  by  hand  or  mechanically,  or  the  two 
combined,  and  the  plate  is  then  hardened.  A  de- 
carbonized steel  cylinder  is  next  rolled  over  the 
hardened  steel  plate  by  powerful  machinery  until 
the  engraved  impression  of  the  plate  appears  in 
relief  upon  the  roller,  the  hollow  lines  of  the  plate 
.  being  salient  ridges  on  the  cylinder.  The  roller  is 
then  reconverted  to  the  condition  of  ordinary  steel, 
and  hardened,  after  which  it  serves  for  giving  the 
intaglio  impressions  to  any  number  of  decarbonized 
plates,  every  one  of  which  is  an  absolute  counterpart 
of  the  original.  Each  plate  when  hardened  will 
afford  150,000  impressions,  and  in  the  event  of  acci- 
dent to  the  tranafer-roUer,  any  number  of  new 
rollers  with  the  design  in  cameo  may  be  obtained 
from  the  orimnal  plate. 

The  metallurgic  process  was  explained  by  the 
inventor  in  the  thirty-eighth  volume  of  the  Transac- 
tions of  the  Society  of  Arts.  He  there  states  that  to 
decarbonize  the  plates  they  are  placed  in  a  vertical 
position  in  cast-iron  boxes  not  less  than  three 
fourths  of  an  inch  thick,  and  surrounded  on  all  sides 
by  iron  filings  not  less  than  oiie  half  an  inch  thick. 
The  boxes  are  then  placed  in  a  furnace,  and,  after 
being  heated,  are  allowed  to  cool  in  the  most 
gradual  manner  by  stopping  off  all  the  air-passages, 
and  covering  the  boxes  with  a  layer  of  cinders  six 
or  seven  inches  deep. 

The  plate  or  roller,  as  the  case  may  be,  having, 
in  the  softened  state,  received  its  impression,  is 
reconverted  in  a  similar  box,  wherein  it  is  packed 
with  sifted  charcoal,  made  from  leather  scraps. 
After  being  heated  in  this  cementing  box  and  fur- 
nace from  three  to  five  hours,  the  plates  or  rollers 
are  hardened  by  plunging  vertically  into  cold  water. 

The  use  of  steel  plates  for  engraving  has  but 
comparatively  lately  superseded  that  of  copper,  and 
its  peculiar  value  arises  from  the  fact  that  by  the 
processes  of  hardening  and  annealing  it  is  made  to 
assume  the  opposite  conditions  of  extreme  hardness 
and  sufiicient  softness,  so  as  in  the  former  state  to 
endure  wear  in  printing,  and  also  preserve  the  sharp- 
ness of  its  lines  when  enduring  immense  pressure 
against  a  soft  steel  roller  or  plate  ;  and  in  the  latter 
case  to  be  readily  cut  by  the  graver  or  dry  point, 
and  have  sufiicient  plasticity  to  yield  to  pressure, 
and  insinuate  itself  into  the  finest  lines  of  the  har- 
dened steel  against  which  it  is  pressed. 

The  use  of  steel  in  preference  to  copper  may  be 
credited  to  Mr.  Perkins  and  the  engraver  Warren. 


Warren  annealed  his  plates  at  a  high  temperature 
in  earthen  boxes  packed  with  pounded  oyster-shellsi 

The  practice  in  the  Bank  of  England,  as  modified 
by  Oldham,  is  to  anneal  at  one  time  four  cast-iron 
boxes,  each  containing  from  three  to  six  steel  plates, 
surrounded  on  all  sides  ^ith  fine  charcoal,  mixed 
with  an  equal  quantity  of  chalk,  and  driven  in  hard. 

The  reverberatory  furnace  employed  has  a  circu- 
lar cast-iron  plate  or  bed  upon  wnich  the  four  boxes 
are  fastened  W  wedges,  and  as  the  plate  is  slowly 
and  continually  revolved  by  power  from  the  steam- 
engine  which  orives  the  prinnnff-presses  and  other 
machinery  of  the  building,  the  plates  are  exposed  to 
an  equal  heat.  When  the  required  temperature  is 
attained,  all  the  apertures  are  carefully  closed  and 
luted  to  exclude  the  air  and  extend  the  cooling  over 
at  least  forty-eight  hours. 

The  surfaces  of  the  cylinders  and  plates  are  thus 
rendered  exceedingly  soft  to  the  depth  of  about  ^ 
of  an  inch,  so  as  to  be  almost  as  impressible  as 
lead  and  readily  yield  to  the  pressure  of  the  transfer- 
press,  where  they  are  brought  in  contact  with  the 
counterpart  portion,  the  softened  cylinder  with  the 
harden^,  onginally  engraved  plate,  or  the  softened 
plate  with  the  hardened  roller,  whose  design  was  re- 
ceived during  the  soft  stage  from  the  hardened  plate, 
which  had  been  engraved  during  iU  soft  condition. 

In  some  cases  the  extremely  soft  surface  of  the 
plates  is  planed  off.     In  the  Bank  of  England  the 

Slates  are  used  for  printing  without  previous  har- 
ening,  as  they  can  then  be  repaired,  the  parts 
brought  up  sharply  by  re-rolling  under  the  transfer- 
roller.     Danger  of  warping  is  also  avoided. 

Though  belonging  to  the  hardening,  and  not  to 
the  aniualing  process,  it  may  here  be  mentioned,  to 
complete  the  subject,  that  Oldham,  Jr.,  has  intro- 
duced a  plan  for  precipitating  the  plates  instantly 
into  water,  so  as  to  prevent  even  an  instantaneous 
exposure  to  the  aip ;  thus  avoiding  scale,  or  even  a 
rough  discoloration.     See  Tempering. 

Many  recipes  are  extant  in  the  trade  for  anneal- 
ing and  hardening  compounds ;  such  are  frequently 
heirlooms  and  preserved  with  jealous  care.  Lime 
and  ox-gali  are  recommended  by  the  operators  in 
the  English  mint  as  an  annealing  composition. 

For  annealing  of  cast-iron,  see  Malleable 
Cast-iron. 

Ede  gives  the  following  directions :  — 

"In  the  annealing  of  steel,  the  same  care  is  re- 

J[uired  in  the  heating  of  it  as  there  is  in  heating  it 
or  hardening,  for  overheating  the  steel  is  as  injuri- 
ous in  one  case  as  in  the  other.  In  the  process  of 
annealing,  artists  differ  very  much,  some  approving 
of  heating  the  steel  and  burying  it  in  lime,  some  of 
heating  it  and  burying  it  in  cast-iron  borings,  while 
others  approve  of  heating  it  and  burying  it  in  saw- 
dust. A  far  better  plan  is  to  put  the  steel  into  a 
box  made  for  the  purpose,  and  fill  it  with  charcoal- 
dust,  and  plug  the  ends  up  so  that  the  air  is  kept 
from  the  steel,  then  to  put  the  box  and  its  contents 
into  the  fire  till  it  is  neated  thoroughly  through, 
and  the  steel  is  at  a  low  red  heat ;  it  must  then  be 
taken  from  the  fire,  and  allowed  to  remain  in  the 
box,  without  opening  the  box  till  the  steel  is  cold. 
Then  when  taken  out  the  steel  will  be  nice  and  clean  * 
and  very  soft,  and  without  those  bright  spots  which 
some  mechanics  call  pins,  and  which  are  no  small  im- 
pediments to  the  filing  and  working  of  steel,  and,  in 
fact,  the  steel  is  believed  to  be  improved  by  the  pro- 
cess. A  piece  of  stout  gas-pipe,  with  a  bottom  weld- 
ed in,  and  a  piug  made  for  the  other  end,  makes  a 
very  good  box  for  a  small  quantity  of  steel ;  but,  for  a 
large  quantity,  the  box  must  be  laige  in  proportion. 
If  uie  steel  is  very  lai^,  it  is  as  well  to  make  a  char- 
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coal  fire  to  heat  it  in,  and  then  let  the  steel  and  the 
fice  get  cold  together  before  it  is  taken  out,  and  it 
will  be  equally  soft.  But  it  sometimes  happens 
that  a  piece  of  steel  is  wanted  in  a  hurry,  and  the 
steel,  perhaps,  is  too  hard  to  work  on,  and  cannot 
wait  for  its  being  softened  in  a  box  ;  in  such  cases 
it  may  be  heated  in  an  open  fire,  and  buried  in 
charcoal-dust  till  it  is  cold,  or  if  it  be  heated  to  a 
red  heat  sufficient  to  be  seen  in  a  dark  place,  and 
then  plunged  into  cold  water,  it  will  work  more 
pleasantly,  but  not  so  soft  as  if  it  wei'e  heated  in  a 
box  with  charcoal.  There  ai-e  many  that  do  not 
know  the  value  of  a  good  tool,  because  the  steel 
they  work  on  has  never  been  properly  annealed,  and 
before  the  tool  has  half  done  its  duty  it  is  worn  out, 
or  wants  repairing ;  whereas,  if  the  steel  had  been 
properly  annealed,  the  same  tool  might  h^ve  lasted 
ten  times  as  long  without  repairing. 

The  process  of  annealing  gongs,  cymbals,  bells, 
and  mortal's  of  bronze,  is  a  complete  inversion  of  the 

Srocess  cited  above.  The  gong,  for  instance,  which 
erives  its  name  from  the  Chinese  tshouivg^  a  bell,  is 
a  compound  of  copper,  78  ;  tin,  22.  When  cast,  it 
is  very  brittle,  from  the  quantity  of  tin,  which  is 
double  the  percentage  of  gun-metal  (copper,  90  ; 
tin,  10),  ana  between  that  and  the  proportions  of 
speculum  metal  (copper,  46  ;  tin,  20).  The  speculum 
metal  is  called  by  lire  the  whitest,  most  brilliant, 
hardest,  and  most  brittle  of  alloys.  (Iridosmine  is 
harder.)  The  gong  when  cast  is  as  brittle  as  glass, 
but  by  being  plunged  at  a  cherry-red  heat  into  cold 
water,  and  being  confined  between  two  disks  of  iron 
to  keep  it  in  shape,  it  becomes  tough  and  malleable. 
Other  bronze  articles  may  be  similarly  tempered  or 
annealed,  as  it  has  been  variously  termed. 

There  are  several  ways  of  hardening  copper,  —  by 
the  fumes  of  phosphorus,  by  an  alloy  of  the  latter,  or 
some  other  metals,  —  but  these  render  it  brittle  and 
destroy  its  Usefulness  for  most  purposes.  In  com- 
mon with  many  others,  Prescott  regrets  the  loss,  or 
rather  our  non-discovery,  of  the  lost  art  of  tempering 
bronze.  After  a  careful  examination  of  what  has 
been  written  on  the  subject,  the  writer  is  inclined  to 
the  opinion  that  the  hardness  was  imparted  by  judi- 
cious alloying  with  tin  and  iron,  by  the  hammer, 
and  by  a  careful  use  of  the  annealing  process  to 
confer  toughness  upon  the  back  while  tne  edge  was 
allowed  to  maintain  the  hardness  necessary  for 
maintaining  a  sharp  edge.     See  Bronze  ;  Alloys. 

Lewis's  Annealing  Box.  The  top,  bottom,  and 
sides  consist  of  three  separable  pieces,  to  prevent 
warping  by  the  heat  of  the  annealing  oven.  The 
bottom    forms  a  tray  to  receive  the  rectangular 

Fig.  240. 


LewisU  AnmeaUng  Bkc. 


frame  forming  the  sides ;  the  top  is  strengthened 
by  ribs,  rests  on  rabbets  in  the  sides,  and  is  fastened 
by  transverse  rods. 

Washburn's  Wiue-annealer.  The  wire  is  placed 
in  a  box,  which  is  then  chai^ged  with  a  gas  which 
will  not  oxydize  the  wire  when  the  latter  is  heated. 
This  is  for  the  purpose  of  preventing  the  formation 
of  scale,  and  obviating  the  subsequent  use  of  an  acid 

Rg.  241. 
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Wa$fUnim^8  Annealing  Box. 

bath  to  cleanse  the  wire.  The  vessel  is  provided 
with  stopcocks  by  which  the  air  in  the  interior  is 
displaced  and  an  artificial  atmosphere  or  ^  substi- 
tuted. This  is  applicable  to  otner  articles  besides 
wire. 

McCarty,  June  11, 1861.  The  device  is  intended 
for  annealing  cut-nails.  The  process  consists  in 
confining  them  in  a  suitable  vessel,  subjecting  both 

Fig.  242. 


Me  Carty^s  Annealing  Box. 


vessel  and  contents  to  a  red  heat,  and  allowing  the 
whole  to  cool  from  six  to  twelve  hours,  according 
to  the  size  of  the  nails  and  tube,  and  maintaining 
the  vessel  air-tight  during  the  heating  and  cooling 
process. 

Much  attention  has  been  directed  to  the  annealing 
of  cast-iron  car- wheels.  The  obiect  is  to  make  the 
web  soft  and  tough,  so  as  to  withstand  the  jar  and 
strain  incident  to  use,  and  at  the  same  time  have  a 
hardened  rim  which  vnW  bear  the  wear. 

Whitney,  April  25,  1848,  placed  the  wheels  in  a 
pile  in  a  cylindrical  pit  or  case  in  which  they  were 
closely  covered  and  left  to  cool  gradually.  A  non- 
conducting jacket  protracted  the  period  of  cooling, 
and  contributed  to  the  efiectiveness  of  the  operation. 

Geisse,  April  19,  1869.  The  wheels,  wnile  hot, 
are  removed  from  the  molds  and  piled  in  a  cylindri- 
cal oven,  where  they  are  allowed  to  cool  gradually. 
A  blast  of  air  is  carried  through  the  centers  of  the 
hubs,  which,  as  the  wheels  are  symmetrically  piled, 
form  a  continuous  air-duct,  at  the  top  of  which  is  a 
conductor  leading  to  the  chimney.  Dampers  at  the 
ash-pit  and  also  in  the  chimney  afibrd  means  for 
regulating  the  passage  of  air  and  thereby  modifying 
the  rate  of  cooling.  By  the  means  described,  the 
wheels  are  induced  to  commence  cooling  at  the  cen- 
ters, the  cooling  gradually  extending  outward.  The 
heat  at  no  time  is  sufficient  to  draw  the  chill  which 
has  been  conferred  upon  them  in  the  mold.  The 
object  is  to  prevent  the  hubs  shrinking  away  from 
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Fig.  248. 


Geisse^s  Annealing  Oven. 

the  rims  after  the  latter  have  cooled,  as  is  apt  to  be 
the  case  when  the  cooling  is  initiated  in  the  reverse 
order. 
Mo  WRY,   May  7,    1861.     The  car- wheels,  alter- 
nating with  layers  of  charcoal, 
^'^AL  are  built  up  into  a  pile  in 

a  pit,  whicii  is  so  arranged 
that  the  quantity  of  air  may 
be  graduated  to  regulate  the 
combustion^  which  Is  designed 

Fig.  246. 


Mowry*s  Car-Whed 
Annealing. 


Moore^s  Car 'Wheel  Annealing. 


to  be  protracted.  The  double  walls  of  the  pit  or 
annealing  case  form  a  non-conductor  to  retain  the 
heat,  and  allow  but  a  very  gradual  cooling  to  the  mass. 
MooKE,  December  5,  1865.  The  w^heels  are  re- 
moved from  the  molds  while  hot,  are  piled  one  above 
another  in  a  vertical  pit,  with  intervening  rings  so 
placed  as  to  separate  the  chilled  tire  from  the  web 

which  is  to  be  an- 
nealed.   The  inte- 
rior space  around 
n  the  hubs  is  filled 
^   with  charcoal,  and 
the  outside  space 
around  the  tires  is 
filled  mth  sand. 
The  charcoal,  be- 
ing ignited  by  the 
heat  of  the  wheels, 
bums  slowly,  and 
anneals   the   web 
of  the  wheel,  while 
the  sand  protects 
the  tread  from  the 
same    action,    re- 
taining the  chilled 
surface   which   it 
has    acquired    in 
casting. 
ju^     Moore,     Octo- 
^  ber  9, 1866.    This 
^  varies    from    the 
ISbonl's  Oar -Wheel  Annealing.         preceding  in  the 
8 


mode  of  introducing  the  air-draft,  and  in  the  mode 
of  isolating  the  tires. 

The  car-wheels  are  piled  upon  supporting  rings  at 
the  bottom  of  the  case,  so  that  a  passage  is  formed 
by  the  holes  through  the  hubs  for  cold  air,  and  an- 
other passage  around  the  tread  of  the  wheels  for  the 
draft  for  burning  the  charcoal,  which  is  distribu- 
ted upon  the  perforated  flanges  of  the  ring  inter- 
posed between  each  wheel. 

The  openings  in  the  base  of  the  annealing  caae 
are  the  means  of  admission  of  atmospheric  air  to  aid 
in  the  combustion,  and  this  supply  is  graduated  to 
suit  the  requirements  of  the  case.  Another  opening 
admits  air  to  pass  upward  through  tlie  hubs  to  cool 
them. 

Ells's  furnace  for  annealing  and  polishing  sheet- 
iron.  The  sheets  of  metal  to  be  operated  on  are  placed 
in  an  iron  box  or  muflfle,  with  layers  of  oxide  of 
iron,  lime,  and  animal  charcoal  between  them,  heat- 
Fig.  247. 


EUs^s  Annealing  Fumaee. 

ins  the  whole  to  about  eight  hundred  degrees  in  a 
suitable  furnace,  meanwhile  subjecting  the  box  to  a 
rocking  and  rotating  motion. 

The  attrition  of  the  particles  during  the  opera- 
tions of  heating  and  cooling  is  to  give  the  peculiar 
mottled  and  polished  appearance  of  Russia  sheet- 
iron. 

In  Wood's  annealing  furnace,  1867,  the  box  has 
track  wheels.    Its  lower 
plate  has  an  upwardly  ^  248. 

projecting  rim  to  hold 
the  sand  used  as  luting. 
The  top  is  a  rectangular 
box,  wnich  is  inverted 
over  the  pack  of  sheets, 
and  is  clamped  at  the 
bottom  portion. 

The  plates  are  held  in 

rigid    compression    be-  ^^ ^^ 

tween  the  wagon  bottom  k^;;ii<;^^?^?s:ss>^>^;>;^^^^ 
and  the  inverted    box  ;      Wood's  Annealing  Fumaee. 
the  object  being  to  pre- 
vent discoloration.     The  truck  has  wheels  by  which 
it  traverses  on  the  railway,  and  is  thus  run  in  and 
out  of  the  oven. 

Worcester,  September  25,  I860.  This  arrange- 
ment is  intended  to  give  a  solid  support  to  the  bed- 
plate of  the  box  which  contains  the  pack  of  sheet- 
iron  or  the  other  iron  articles  which  are  to  be  an- 
nealed. When  the  carriage  is  run  into  the  oven 
with  its  load,  consisting  oi  some  tons  of  iron,  if  the 
bed-plate  be  supported  m  but  a  few  places  it  is  apt 
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to  warp,  which  is  destructive  of  the  apj^aratus  and 
ii^orious  to  the  load  then  under  treatment.    In  this 

Fig.  248. 


Worcester's  Annealing  Oven. 

oven  are  dwarf- walls  on  the  sides  of  the  oven,  below 
the  level  of  the  bed-plate  of  the  box  as  it  is  run  into 
the  oven.  After  the  box  has  reached  its  position 
longitudinally,  the  winch  at  the  end  of  the  carria^ 
is  turned  and  the  bed  lowered  till  it  rests  on  the  walls. 
A  further  turn  or  two  of  the  winch  lowers  the  sup- 
porting posts,  so  that  they  run  clear  of  the  bed-plate 
when  the  carriage  is  withdrawn.  The  withdrawal 
of  the  charge  is  the  converse  of  the  former  action  ; 
the  carriage  being  run  beneath  the  bed-piece  of  the 
box,  the  winch  is  turned  so  that  the  posts  elevate 
the  bed-plate  from  the  walls,  and  the  carriage  is 
then  withdrawn  with  its  load. 

In  Wood's  patent,  July  9,  1867,  the  sheets  are 
compressed  between  the  top  and  bottom  of  the  box, 
which  are  temporarily  clamped  together.  The  ob- 
ject is  to  prevent  warping  and  discoloration. 

M ALONE,  May  22,  1 866.  The  furnace  is  at  one  end 
of  the  annealing  chamber  ;  the  caloric  passes  along  the 


]ltaUnu*f  Annealing  Fumaee, 

upper  flue,  dives  down  side  flues  to  the  lower  flue, 
and  thence  passes  by  apertures  and  cross  flues  to  the 
chimney.     The  object  is  an  even  heat  at  all  parts. 

Reynolds,  February  13,  1866.  This  is  an  oven 
for  decarbonizing  and  annealing  iron.  The  caloric 
current  from  the  furnarie  passes  by  the  flues  M  M, 
beneath  the  arches  K  AT,  in  the  chambers,  and 
thence  by  the  diving-flues  S  S,  and  the  lower  flues- 
N,  to  the  chimney. 

Annealing  and  tempering  devices,  especially  in- 
tended for  wii-e,  and  which  act  continually  upon  the 
wire  as  it  passes  through,  will  be  considered  under 
Wire  Tempering  and  Annealing.  As  before  re- 
marked, annealing  and  tempering  are  nearly  allied  ; 
the  strictly  tempering  devices,  however,  are  more 
conveniently  considered  under  Tempering  (which 
nee),  as  they  generally  consist  in  means  for  giving 
peculiar  grades  of  temper  to  axes,  cutlery,  scythes. 
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Reynolds'^s  AnnecUing  Fumaee. 

springs,  etc.,  and  in  devices  for  securing  the  integ- 
nty  of  the  articles  under  the  great  strain  and 
change  incident  to  the  process. 

An-neal'ing  Aroh.  The  oven  in  which  glass-ware 
is  allowed  to  cool  gradually  in  order  to  anneal  it.  It 
is  called  a  leer  in  some  departments  of  glass-making. 

The  annealing  arch  of  the  plate-glass  manufacture 
is  called  a  carquaise  ;  the  front  door,  the  throai. ;  the 
back  door,  the  gtceulette  (little  throat)  ;  it  is  heated 
by  a  furnace  along  the.  side,  called  a  tisar.  The  no- 
menclature is  French,  and  indicates  the  source 
whence  the  manufacture  was  derived. 

An-neal'ing  CoFor.  The  color  which  steel  takes 
in  tempering  or  exposure  to  progressive  heat. 

An-nealing  For'naoe.  A  furnace  in  which 
metals  are  heated  nearly  to  fluidity,  and  then  allowed 
to  cool  slowly,  so  as  to  render  them  less  brittle  or  to 
make  them  malleable. 

Or,  —  as  with  glass,  —  a  furnace  in  which  the 
heat  is  retained  for  a  considerable  period  in  order 
that  the  process  of  cooling  may  be  protracted.  A 
glass-annealing  furnace  is  called  a  leer. 

Gold,  silver,  and  zinc  are  occasionally  annealed  in 
the  process  of  working,  to  render  them  more  trac- 
table. The  process  is  of  more  especial  and  frequent 
application,  however,  to  steel,    bee  Annealing. 

The  annealing  furnace  for  gold  or  silver  in  Jillets 
or  planchets  has  an  iron  table  in  front  on  which  a 
cast-iron  carriage  is  loaded  with  the  metal  in  jointed 
and  luted  tubes ;  the  car  and  its  load  are  then  run  on 
to  the  floor  of  the  furnace,  and  the  door  is  lowered. 

An-neal'ing  Lamp.  A  dentist's  appliance  for 
heating  foil  used  in  iilling  excavations  in  carious 
teeth.  It  is  a  small  alcohol  lamp  on  a  stand,  and 
has  a  tray  of  mica  or  german-silver  in  which  the 
foil  is  placed.  The  foil  is  more  adhesive  when 
warm. 

An-neal'ing  Ov'en.  A  chamber  in  which  arti- 
cles are  placed  to  allow  them  to  cool  gradually  so  as 
to  make  them  tough.     See  Annealing. 

The  annealing  arch  for  glass  is  called  a  leer. 

An-neal'ing  Pot.  A  closed  pot  set  in  a  furnace, 
and  used  for  exposing  an  object  to  heat  without 
forming  a  scale  of  oxide. 

Pots  for  annealing  wire  are  made  annular,  so  as  to 
receive  with  as  little  vacant  space  as  possible  the 
wire  which  is  coiled  therein.       The  smaller  the 

Fig.  262. 


Wire-Annealing  Pot. 

amount  of  air  in  the  closed  pot,  the  less  the  dete- 
rioration of  the  surface  of  the  wire  by  exposure  of 
its  heated  surface. 


Digitized  by 


Google 


ANNIHILATOR,   FIRE. 


115 


ANNULAR-CYLINDER  ENGINE. 


An-nilii-la-tor,  Fira  An  apparatus  for  extin- 
guishiDg  fire  by  the  rapid  production  of  carbonic- 
acid  gas,  which  excludes  the  vital  air  from  the  com- 
bustible material.     See  Fire  Annihilatok. 

An'on-lar  Bit  A  boring  bit  which  cut^  a  circu- 
lar channel,  but  does  not  rout  the  central  portion. 

Wads,  buttons,  and  some  other  things,  are  made 
by  a  tool  of  this  kind. 

One  form  of  the  diamond  drill  makes  an  annular 
groove,  leaving  a  central  cylindrical  plug  of  stone. 
See  Diamond  Drill. 

Several  annular  boring  tools  are  described  and  il- 
lustrated imder  Auger,  which  see. 

An'na-lar  Bor'er.  A  description  of  rock -boring 
tool,  in  which  a  circular  groove  is  made  in  the  stone, 
leaving  an  axial  stem  of  unbored  matter.  The 
tool  descends  until  the  stem  is  nearly  as  long  as  the 
wings  of  the  tool ;  then,  the  latter  being  withdrawn, 
a  grapnel  is  introduced  into  the  hole,  the  stem 
broken  off  and  raised.  The  borer  is  then  relowered 
and  the  work  proceeds.  This  mode  of  boring  is  con- 
venient for  affording  a  perfect  section  of  the  strata, 
giving,  if  care  be  taken,  the  dip  as  well  as  t^e  qual- 
ity.   See  RocK-BORiNo  Tools  ;  Grapnel. 

Annn-lar-Cyrin-der  Steam'-en-gine.  A 
form  of  direct-acting  steam-engine  invented  by  Mauds- 
Fig.  268. 


lay,  England,  and  patented  by  him  in  1841.  It  con- 
sists of  fixed  inner  and  outer  cylinders,  between 
which  is  an  annular  steam  space  a,  occupied  by  a 
piston  c.  This  piston  has  two  rods,  d  dy  which  pass 
through  stuffing-boxes  in  the  cylinder-head,  and  are 
keyed  to  the  cross-head  «.  The  latter  connects  by 
rods//  with  the  guide-block  gr,  which  reciprocates  in 
the  open-ended  cylinder  h.  To  a  pin  on  the  block 
g  is  attached  the  connecting-rod  A,  which  passes  to 
the  crank  on  the  paddle-sh^t. 

In  another  form  of  this  engine  the  cylinder  is 
annular  and  has 


Fig.  254. 


Annular' Cylinder  ThbU  Steam-Engine, 


Mnnd^y^s  Annular-  Cylindfr  Sleam-Bngine, 


two  piston  -  rods 
which  connect  to 
a  cross-head  plate, 
slotted  to  permit 
the  movement  of 
the  connecting- 
Yod  which  passes 
thi-ough  it.  Rods 
pass  up  from  this 
plate  to  an  upper 
cross-head  whose 
slides  are  within 
the  annular  cyl- 
inder. The  con- 
necting-rod passes 
from  this  cross- 
head  to  the  wrist- 
pin  of  the  crank. 

It  may  be  ne- 
cessary to  remark 
that  the  Trunk 
Engine  and  the 
Annular  -  Piston 
Engine  are  dis- 
tinct devices. 
There  is  a  certain 
similarity  of  ap- 
pearance, the  in- 
ner and  concen- 
tric cylinder,  the  most  salient  featui-e  of  novelty  in 
appearance,  being  present  in  each  engine. 

In  the  Annular -Cylinder  Engine  both  cylinders 
are  fixed  and  the  piston  reciprocates  in  the  annular 
intervening  space. 

1 1)  the  Trunk  Engine  the  an  - 
nular  piston  is  attached  to  the 
inner  cylinder  (the  t'runk)  and 
reciprocates  therewith ;  the 
latter  slides  in  stuffing-boxes 
at  the  ends  of  the  fixed  outer 
cylinder.  See  Trunk  En- 
gine. 

In  another  form  of  this  de- 
scription of  engine  the  parts 
ai-e  somewhat  modified.  The 
two  cylinder-heads  are  con- 
nected by  a  trunk  which  is  ' 
of  flattened  form  J5,  as  shown  , 
in  the  plan.  The  piston  A 
is  of  corresponding  snape,  and 
not  strictly  annular.  It  is 
connected  by  the  rods  H  H, 
with  the  cross-head  0,  from 
which  proceeds  the  connect- 
ing-rod E  leading  to  the  crank 
/.  The  rods  H  H  pass 
I  through  stuffing-boxes  in  the 
'  upper  head  C,  and  the  tnmk 
B  connects  the  heads  C  D. 

Perhaps  the  most  gigantic 
steam-engines  in  the  world  are 
the  three  engines,  the  Leegh-    AnnMlar^Fiston  Engine. 


Fig.  266. 
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water,  the  Cruquius,  and  the  Lynden,  erected  1840- 
50,  for  the  purpose  of  draining  the  Haarlem  Lake. 
This  had  an  area  of  45,230  acres,  and  a  maximum 
depth  of  seventeen  feet  below  the  level  of  the  boezem, 
or  catch -water  basin,  of  the  district.  The  boezem 
carries  the  collected  waters  to  the  sea,  into  which  it 
discharges  by  sluices  at  Katwyk  on  the  North  Sea, 
and  at  Spamdam  and  Halfweg  on  the  Y,  or  the 
Southern  end  of  the  Zuyder  Zee.  See  Koniiiklijk 
InstUut  van  Ingenieurs^  1857  -  9,  plaai  3,  4. 

Each  of  the  three  engines  mentioned  has  two 
steam-cylinders  placed  concentrically,  the  one 
within  the  other,  the  outer  of  twelve  feet  diameter, 
and  the  inner  one  of  seven  feet  diameter  ;  both  are 
secured  to  one  bottom  and  covered  by  one  cover, 
but  the  inner  cylinder  does  not  touch  the  cover 
within  \\  inches.  There  are  two  pistons,  twenty- 
six  inches  deep,  the  compartments  of  which  are 
fitted  with  cast-iron  plates  ;  the  outer  piston  is  an- 
nular, and  has  a  packing  on  both  sides  ;  beneath 
this  annular  piston  a  constant  vacuum  is  main- 
tained when  working.  The  two  pistons  are  con- 
nected by  five  piston-rods  to  a  ^eat  cross-head 
weighing  about  190,000  pounds.  Eight  connecting- 
rods  from  the  cross-head  pass  to  the  inner  ends  of 
eight  working-beams,  to  whose  outer  ends  the  pis- 
ton-rods of  eight  pumps  are  suspended.  These 
pumps  are  situated  in  a  circular  series  around  the 
steam-engine,  theworking-beams 
radiating  from  an  axis  coincid- 
ing with  a  vertical  prolongation 
of  the  cylinder  piston-rod.  (See 
Draining,  for  an  illustration 
of  the  engine. ) 

The  working  of  the  engine  is 
as  follows  :  — 

Steam  is  admitted  below  the 
central  piston,  and  lifts  it,  the 
annular  piston,  the  cross-head, 
and  the  inner  ends  of  the  pump- 
beams  ;  causing  the  pump- pis- 
ton to  descend.  A  hydraulic  ap- 
paratus is  brought  into  action  to 
maintain  the  parts  in  this  posi- 
tion until  the  pump- valves  have 
had  time  to  change.  The  equi- 
librium-valve is  then  opened,  the 
steam  passes  above  both  pistons 
and  drives  them  down,  the 
pressure  being  nearly  equalized  on  the  upper  and 
lower  sides  of  the  small  piston,  while  nearly  two 
thirds  of  it  acts  on  the  upper  side  of  the  annu- 
lar piston,  which  has  a  partial  vacuum  beneath 
it,  to  aid  in  the  work.  The  effective  stroke  is  also 
aided  by  the  dead  weight  of  the  cross-head,  which 
weighs  over  ninetv  tons,  and  by  the  weight  of  the 
pistons  and  rods  oi  the  engine. 

Each  engine  has  two  air-pumps  of  forty  inches 
diameter,  and  five  feet  stroke.  The  steam  is  cut 
off  in  the  small  cvlinder  at  from  one  fourth  to  two 
thirds  of  its  stroke,  according  to  the  load,  and  is 
then  farther  expanded  in  the  firge  cylinder. 

When  working  with  the  net  power  of  350  horses, 
the  average  consumption  is  2j  pounds  of  Welch 
coal  per  horse-power  per  hour,  or  76,000,000  pounds 
of  water  raised  one  foot  hi^h  with  94  pounds  of 
coal.  The  duty  of  the  engines  has  been  as  high 
as  87,000,000.     See  Duty. 

The  Lynden  and  Cruquius  engines  work  eight 
pumps,  each  of  seven ty-tnree  inches  diameter  and 
ten  feet  stroke.  The  Leeghwater  works  eleven 
pumps  of  sixty-three  inches  diameter,  ten  feet 
stroke,  each  engine  being  calculated  to  lift  sixty- 
six  cubic  meters  of  water  per  stroke. 


Fig.  266. 


The  three  engines  are  capable  of  discharging 
2,000,000  tons  of  water  in  twenty-four  hours  at 
their  full  depth.  They  were  erected  by  two  Eng- 
lish companies. 

An'n.u-lar  Qear'- 
"WheeL  A  wheel  whose 
teeth  are  on  the  concavity  of 
an  annulus,  or  ring,  which 
is  destituteof  web  or  spokes. 

An'nu-lar  Mi-orom'e- 
ter.  A  form  of  the  circular 
micrometer  invented  by 
Fraunhofer  of  Mnuich,  con- 
sisting of  an  annular  glass  ■ 
disk  whose  central  aperture 
is  about  half  an  inch  in  diam  • 
eter  and  bounded  by  a  me- 
tallic ring  which  is  cemented  to  the  inner  edge  of  the 
glass. 

T)ie  metallic  ring  is  used  to  determine  differences 
of  declination  between  stars,  from  the  differences 
of  time  occupied  by  them  in  traversing  different 
chords  of  the  ring.     See  Circular  Miorometsr. 

An'nu-lar  Pan.  A  ring-shaped  trough  in  which 
the  vertical  grinding-wheels  of  an  ore-crusher  re- 
volve. 

The  main  shaft  may  stand  in  a  central  aperture 
of  the  bed  and  receive  motion  from  a  horizontal 

Kg.  257. 


AnmUwr  Wheel  and  Pinion. 


AxmuUar  Pan, 

shaft  beneath.  The  pulverized  ore,  mixed  with 
water,  is  loosened  up  oy  rakes,  and  scraped  from 
the  sides  to  the  wheel-tracks  by  knives.  The  wheels 
follow  different  tracks. 

The  pan  form  of  amalgamator  is  a  favorite,  and 
several  illustrations  may  be  seen  under  Amalgama- 
tor, Figs.  144-153,  WD.  78-81. 

An'nu-lar  Sa^v.  The  annular  saw  for  cutting 
pearl-button  blanks  is  a  steel  tube  with  a  ser- 
rated end. 

The  annular  saw  of  the  suigeon  is  the  trepan^  or, 
preferably,  the  trephine  ;  which  see.  Other  varie- 
ties of  annular  saws  are  known  as  crown,  barrel, 
drum,  or  q/linder  saws  ;  which  see. 

An'na-lar  Valve.  A  gravitating-plate  valve  of  a 
circular  form  and  with  a  circular  central  aperture. 
It  works  upon  a  stem  by  the  upward  pressure  of 
water,  and  closes  an  annular  aperture  when  the  lift- 
ing force  is  removed.  See  illustration  in  Screw- 
Propeller  Steam-Engine. 

An'nu-lat-ed  Corunm.  A  clustered  column  girt 
by  bands. 

An'nu-let.  A  flat  molding ;  a  small  square 
member  in  the  Doric  capital. 

An-nun'oi-aptor.    Annunciators  are  substitutes 
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for  the  old-fashioned  arrangement  of  bells  iu  hotels, 
etc.  Instead  of  each  room  being  connected  to  a 
separate  bell  in  the  othce  of  the  hotel,  the  bell-pull 
of  each  room  is  connected  to  a  single  bell,  which 
gives  notice  to  the  clerk  or  porter,  and  at  the  same 
time  a  pendulum  with  the  number  of  the  room  is 
caused  to  vibrate,  or  the  shield  is  removed  from  a 
number  corresponding  to  that  of  the  room.  The 
devices  are  vanous.  The  general  scheme  is  to  con- 
nect the  wire  from  the  room  to  a  numbered  plate, 
which  is  moved  up  to  an  opening  and  thereby  ejc- 
poses  its  number  to  view.  The  wire  at  the  same 
time  trips  a  trig^r  which  actuates  the  hammer  of 
the  bell.  A  variation  in  the  modo  of  operation  is 
found  in  those  annunciators  whose  openings  are  all 
covered  by  pivoted  shields,  the  numbers  being  per- 
manently attached  in  the  rear.  The  motion  of  the 
wii-e  trips  the  sounding-hammer  as  before,  and  at 
the  same  time  trips  the  shield  to  which  it  belongs, 
and  causes  it  to  oscillate  from  before  the  opening 
and  expose  the  numl^er  to  which  it  belongs.  A 
crank  operated  by  the  hotel  clerk  restores  the 
normal  condition  after  the  number  has  been  ob- 
serveti. 

HoRSFALL,  October  4,  1853,  and  Hale,  April  22, 
1856,  are  among  the  earlier  inventors. 

In  Horsfall's,  the  wire  from  the  room  operates 
a  rod  whose  horizontal  lifting  and  trippitig  arm  ex- 
tends beneath  its  appropriate  swinging  index-plate. 
The  rod  and  arm  are  arranged  in  such  remion 
to  the  rocking-frame  which  carries  the  alarm-bell, 
that,  as  either  of  the  rods  is  raised  for  the  pur- 
pose of  tripping  one  of  the  index-plates  and  expos- 
ing its  number  to  view,  the  frame  and  bdl  will  be 
also  raised,  and  the  pendulous  hammer  allowed  to 
descend  some  distance.  When  the  rod  descends 
after  tripping  the  index-plate,  the  rocking  frame 
and  bell  also  descend,  and  the  contact  of  the  short 
arm  of  the  hanmier  with  a  lever  causes  the  hammer 
to  sound  the  alarm,  subsequent  to  the  exposure  of 
the  number. 

The  index-plates  are  thrown  back  to  their  cover- 
ing position  by  an  eccentric  rod  and  connecting 
devices. 

In  the  example  annexeil,  a  crank  arm  is  at- 
tached   to   the   center  of  the   lever,  and  is  acted 


Fig.  268. 


Hotel  Annunciator. 

upon  by  the  wire,  carrying  a  pendulum  in  front  of 
the  face  of  the  annunciator,  and  by  its  vibration 
denoting  the  wire  acted  upon  and  the  number  of 
the  room. 

la  Fig.  259  the  annunciator  is  so  arranged  that 
the  lifting  of  any  wire  shall  not  alone  expose  the 
number  of  the  apartment,  but  shall  lift  a  plate,  and 
through  the  connecting  wire  cause  the  hammer  to 
strike  upon  the  bell.  The  slides,  with  the  numbers 
upon  their  faces,  have  projections  on  their  rear  with 
holes  through  which  the  wires  pass,  and  the  upward 


matic  annunciator.  The  chamber  of  the  guest  and 
the  hotel  office  are  each  provided  with  an  indexed 
gage,  consisting  of  a  hollow  tube  containing  a  colored 
liquid.  At  the  back  of  each  tube  is  a  graduated  in- 
dex marked  at  intervals,  "fire,"  "light,"  "water," 
"brandy,"  "towels,"  etc.,  as  may  suit  the  aver- 
age of  customers.  The  respective  tubes  are  con- 
nected by  an  air-pipe,  into  which  air  is  injected  by 
the  guest,  to  raise  the  liquid  in  the  respective  tubes 
to  the  point  which  indicates  his  wants*. 

An'ode.  That  pole  of  the  galvanic  battery  by 
whirh  the  electricity  enters  into  the  substance  suffer- 
ing decomposition  ;  the  positive  or  +  pole.  This 
nomenclature  was  adopted  by  Professor  Faraday. 
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A-nor'tho-BCope.  The  name  gjiven  by  M.  Pla- 
teau of  Brussels  to  an  instrument  invented  by  him 
and  intended  to  produce  a  peculiar  kind  of  anamor- 
phosis by  means  of  two  disks  rotating  rapidly  one 
before  the  other  ;  the  hinder  one  is  transparent  and 
bears  distorted  figures,  while  the  front  one  is  opaque 
and  is  pierced  with  a  number  of  narrow  slits.  On 
revolving  the  disk  the  distortions  appear  as  amusing 
and  interesting  figures  and  pictures.  As  in  other 
toys  of  a  similar  kind,  the  etfect  de^nds  upon  the 
persistence  of  impressions  on  the  retina.  —  Grande. 
It  probably  suggested  the  Zoetrope\  which  has  lately 
become  so  popular  in  the  United  States.  See  ThaUt 
^ATROPE  ;  Phenakistoscope  ;  Stroboscope. 

An'sas.  (Artillery.)  The  handles  of  some  kinds 
of  brass  ordnance. 

An'ta.  {Architecture.)  A  pilaster  occurring  at 
the  corner  of  a  flank  wall. 

An'te-fix'se.  (Architecture.)  a.  Ornaments 
placed  below  the  eaves  of  a  Grecian  temple ;  perfo- 
rated to  allow  the  escape  of  water  from  the  roof. 

h.  Blocks  covering  the  termination  of  the  ridge 
foimed  by  the  overlap  of  the  tiles  on  a  Grecian  roof. 

An'te-mu'raL  {Fortification.)  An  outwork  con- 
sisting of  a  high,  strong  wall  with  turrets,  for  the 
defence  of  a  gate. 

An-ter'i-des.    Buttresses. 

An'te-so-la'ri-um.    A  balcony  facing  the  sun. 

An-te-ven'na.    An  awning,  or  shade  roof. 

An'tho-type.  A  photographic  process  in  which 
the  colored  juices  of  the  wild  Popi)y,  rose,  stock, 
etc.,  are  effaced  by  the  action  of  light. 

An'thra-oene.  A  solid  crystalline  hydrocarbon,  ac- 
companying naphthaline  in  the  distillation  of  coal-tar. 

An-thra-oom'e-ter.  An  instrument  for  measur- 
ing the  amount  of  carbon  in  a  given  case.  —  Beil. 

An'ti-at-tri'tion  Com'pound.  For  the  bear- 
ings of  machinery  and  axles  of  carriages.  See  Lu- 
bricant ;  Alloy  ;  Anti-friction  Composition  ; 
Anti-friction  Metals. 

An'ti-cli'iial  Lina  (Mining  Engineering. )  The 
axis  of  curvature  on  the  arch  or  saddle  of  a  range,  on 
each  side  of  which  the  strata  dip.  Opposed  to  Syn- 
cliruU. 

An'ti-frio'tion  Bearing.    A  rolling  bearing  for 

Fig.  261. 


Antufrietion  Bearing. 


an  axle  or  ^dgeon.  The  intention  is  that  the  parts 
primarily  m  contact  shall  not  rub  against  each 
other,  but  move  in  unison.  In  one  form  the  roller 
surfaces  impinge  upon  the  surfaces  of  the  axle 
and  its  box  (Fig.  261)  ;  in  another  form  the  rollers 
are  on  axles  (see  Fig.  263).  A  familiar  illustration  is 
also  found  in  the  improved  form  of  hanging  grind- 
stones (see  Fig.  265). 

The  "  Palier  Glissant,"  of  Girard,  consists  of  a 
journal  box  whose  lower  part  is  grooved  and  has  an 
aperture  communicating  with  a  pipe  through  which 
water  under  a  heavy  pressure  is  introduced  beneath 
the  journal.  The  effect  of  this  is  to  slightly  lift  the 
journal,  allowing  a  very  thin  film  of  water  to  escape, 
which  effectually  lubricates  the  bearing,  entirely 
preventing  contact  of  the  metallic  surfaces. 

This  is  analogous  to  the  hydraulic  pivot  for  tur- 
bine wheels,   invented   by  the  same  engineer,   in 
which  the  weight  of  the 
turbine   and   its  vertical  Kg-  282. 

shaft  is  supported  by  a 
water  cushion,  in  the  same 
manner  as  is  the  horizontal 
axis  in  the  former  case.        r 

An'tl-frio'tlon    Box.  ^ 
An  enclosure  for  the  balls 
or  rollers  of  a  step  or  bear- 
ing. 

An'ti-frio'tlon  Com- 
po-Bx'tion.  A  lubricat- 
ing material  or  compound 
to    diminish    friction    of  Anti'/rietion  Box. 

parts  moving  in  contact. 

The  compounds  are  numerous,  and  include  the  fol- 
lowing materials  in  various  combinations  :  — 

Alloys.    See  Anti-fric-  Mucilage. 


TioN  Metals. 
Alum. 
Asbestus. 
Bitumen. 
Borings  of  Metal. 
Cork. 
Cotton. 

Fiber,  Animal. 
Fiber,  Vegetable. 
Gelatine. 
Graphite. 
Gum.^ 
Gypsiun. 
l^rd. 
Lime. 


Oils  of  various  kinds. 
Pasteboard  saturated  with 

petroleum. 
Pith. 

Plumbago. 
Sal-ammoniac. 
Shavings  of  wood. 
Silicate  of  soda. 
Steatite. 
Sulphur. 
Talc. 
Tallow. 
Tannic  acid. 

Wood  saturated  with  oil. 
Wool  flock. 


An'tl-fric'tion  Met'als.  Alloys  principally  used 
for  bearings  of  machinery  and  for  journal  boxes. 
Several  are  described  under  the  head  of  Allots 

Some  variations  are  found  in  the  formulas,  com- 
paratively few  agreeing  even  in  the  composition  of 
Babbitt's  metal,  patented  in  1839,  and  so  much  used 
throughout  this  country  and  in  Europe.  The  fol- 
lowing table  will  give  the  composition  of  several :  — 


Babbitt's     . 

Another  formula 

Fenton's 

Belgian,  for  objects  ex- 
posed to  friction 
"  exposed  to  shocks 
"   exposed  to  heat    . 

Dinsman's 

Richardson's 

Strubing's 

Engl.  Pat.  896  of  1863  . 


1 

I 

.  1 

i 

II 

1 

31 

1 

60 

5  1 

10 

2  1 

10 

10 

10 

4 

0620 

0.26 

1 

20 

6 

06 

17i    1  026i     1 

16,       ,8     1 

2 

62  34  .          11 

18 

2.5     1  76  4.5       i 

40 

28 

136 

2 

1 
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»1.6 
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An'tir-frio'tion  Press.  A  press  in  which  the 
power  is  obtained  by  the  rolling  of  two  cams  against 
an  intermediate  roller.     See  Rollino-Cam  Press. 

An'ti-fric'tlon  Pulley.  A  device  for  the  pur- 
pose  of  lessening  the  friction  of  the  sheave  on  its 
pin.  An  annular  system  of  anti-friction  rollers  sur- 
round the  pin,  and  rotate  on  their  own  axes  as  they 
revolve  on  the  pin.     They  are  maintained  at  their 


Fig.  268. 


AnH'JHction  Pulleys. 

proper  relative  distances  by  a  ring  or  series  of  links, 
so  that  the  faces  of  the  rollers  themselves  do  not 
come  in  contact,  as  contacting  faces,  under  these 
circumstances,  would  be  revolving  in  different  direc- 
tions, and  great  friction  would  result. 
An'ti-fdo'tion  Step.    A  bearing  at  the  end  of  a 

rotating  shaft,  to' 
yig-  264.  dimini^  the  fric- 

tion of  the  con- 
tact with  the  step 
when  pressure  is 
applied  longitu- 
dinally. In  the 
step  for  propeller 
shafts,  tne  loose 
collar  j5  has  anti- 
friction wheels  on 
radial  axes,  which 
act  between  a 
collar  on  the  pro- 
peller shaft  and  a 
fixed  plate  trav- 
ersed by  said 
shaft.  The  ob- 
ject is  an  anti- 
friction l>caring  to  take  the  end  strain  of  the  shaft. 
A  somewhat  similar  arrangement  is  used  for  ver- 
tical shafts  in  .some  cases.     See  Fig.  262. 

An'ti-frio'tion  "Wheel  The  wheels  C  C  form 
a  rolling  bearing  for  a  shaft,  so  as  to  diminish  its 
friction  thereon  ;  the  bearings  for  the  axis  of  a 
grindstone,  for  instance,  as  shown  in  Fig.  265. 
Analogous  devices  are  found  in  many  machines  and 
in  carriages.     See  Journal  Bearings  ;  Axle. 

An'tl-gug'gler.  A  small  tube,  inserted  into  the 
mouth  of  a  bottle  or  carboy  to  admit  air  while  the 
liquid  is  running  out,  and  thereby  prevent  guggling 
or  splashing  of  corrosive  liquid. 

An'ti-in'oms'ta-tor.  A  device  or  a  composition 
to  prevent  the  incrustation  of  steam-boilers. 

One  class  of  improvements  in  this  line  is  mag- 
netic ;  it  depends  upon  keeping  up  an  electric 
action  which  prevents  the  adherence  of  the  scale  of 
salts  of  lime,  etc. 

Another  class  consists  of  mechanical  agents,  and  a 
third  of  chemical.     See  Incrustation  in  Boilers. 
An-tim'e-ter.   An  optical  instniment  for  measur- 


AntirfHttion  Step. 


ANTIMONY  FURNACE. 
Fig.  266. 


Anti'friaion  WkeeU. 

ing  angles.  A  modification  of  Hadley's  Quadrant, 
long  since  superseded  by  superior  instruments. 

An'ti-mo-ny.  Equivalent,  129.03.  (Symbol,  Sb: 
Stibium.)  Specific  gravity,  6.8;  Melts  at  995.5, 
Fah.  ;  passes  off  in  vapor  at  a  white  heat.  It  has  a 
peculiar  taste  and  smell.  It  is  a  bluish -white,  brit- 
tle metal,  and  is  much  used  in  hardening  type-metal, 
to  which  it  also  imparts  the  faculty  of  not  shrinking 
in  cooling.  It  enters  into  the  composition  of  some 
other  alloys,  such  as  one  kind  of  speculum  metal. 

Its  salts  are  much  used  in  medicine  and  pyrotech- 
nics. 

Antimonjr  was  known  to  the  Hebrews  as  a  cos- 
metic. With  it,  it  is  supposed  that  the  wicked 
Jezebel  painted  her  eyelids  and  eyebrows,  B.  c.  884, 
just  before  she  was  thrown  out  of  window  by  the 
orders  of  the  cruel  Jehu,  who  trod  her  under  the 
feet  of  his  horse,  and  left  her  to  be  devoured  by 


The  Arab  women  use  kohl  to  increase  the  brillian- 
cy of  the  expression  of  their  eyes,  as  the  Hebrew 
women  did  down  to  the  times  of  Jeremiah  and  Eze- 
kiel,  and  later.  It  is  yet  an  Oriental  custom.  Lit- 
tle toilet  boxes  and  bottles  for  kohl  are  found  among 
the  relics  of  the  ancient  Egyptians,  and  are  j)reservea 
in  many  collections  ;  for  instance,  in  the  Abbott 
Collection  in  the  X)OS8ession  of  the  Historical  Society 
of  New  York. 

Basil  Valentine  introduced  the  metal  antimony 
into  the  practice  of  medicine.  Observing  that  some 
swine  fattened  surprisingly  (|uick  after  the  adminis- 
tration of  the  drug,  he  tried  it  on  some  of  the  monks 
in  his  vicinity,  who  had  become  much  attenuated 
by  their  Lenten  fast.  The  account  says  that  the^ 
were  all  killed,  and  hence  the  name  Anli-moine.  It 
was  previously  called  Stibium^  and  yet  retains  that 
title  in  scientific  nomenclature. 

An'tl-mo-ny  Fur'nace.  The  antimony  furnace. 
Fig.  266,  as  at  present  used,  is  a  reverbemtory  whose 
hearth  is  formed  of  clay  and  sand  solidly  rammed 
together  and  sloping  from  all  sides  towards  the 
middle,  at  which  place  is  the  discharge  oiiening, 
temporarily  closed  with  coal-ashes.  Tlie  air  chan- 
nel passes  up  through  the  fire-bridge,  and  t}i»'  fi't* 
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Fig.  a06. 


Ai^imony  Furnace. 


is  in  the  chamber  at  the  end,  the  flame  reverber- 
ating in  the  chamber  above  the  ore.  The  charge  is 
introduced  at  the  usual  opening,  which  is  closed  by 
a  door  while  the  operation  is  in  progress.  The 
slag  is  drawn  off  at  the  same  opening.  The  sul- 
phuret  of  antimony  is  found  associated  with  gauges 
of  quartz,  sulphate  of  barytes,  and  carbonate  of  lune, 
and  is  easily  fused  therefrom  by  the  application  of 
heat  in  the  fiimace  described.  It  is  not  obtained 
perfectly  pure  therefrom,  but  is  fused  again  under 
coal-dust  in  crucibles  on  a  reverberatory  hearth. 

The  former  mode  of  obtaining  the  metal  from  the 
ore  consisted  in  exposing  it  in  luted  crucibles  which 
are  placed  in  a  furnace  (Fig.  267).  The  crucibles 
have  openings  in  the  bottom,  and  are  luted  to  a 

Kg.  267. 


Antimony  Orueible. 

pei-forated  tile  which  forms  the  roof  of  a  lower 
chamber  containing  a  pot  into  which  the  metal 
escapes  as  the  operation  proceeds.  The  gaHgue  re- 
mains in  the  crucible  above.  This  method  is  found 
to  be  very  destructive  of  crucibles. 


The  crude  antimony  is  purified  by  repeated  ex- 
posure at  moderate  heats  to  expel  the  sulphur  and 
fuse  the  metal.  The  difficulty  in  the  treatment  arises 
from  the  volatility  of  the  metal,  which  escapes  if 
excess  of  heat  be  applied.  This  is  in  the  domain 
of  chemistry. 

The  ordinary  alloys  of  antimony  are  :  — 


Type  Metol 
Stereotype  Metal 
Music  Plates 
Britannia  Metal 
Pewter 


Antimony.  Lead.    Tin.    Copper.    Bismuth. 

1  4 

1  6 

1  1          1 

8  100          2            2 

1  12 


An'ti-qua'ri-an.  A  size  of  drawing^per  measur- 
ing 52^  X  30^  inches,  and  weighing  z83  pounds  to 
the  ream. 

An-tique' [an-teek'].  (Type.)  A  fancy  style  in 
which  each  stroke  of  the  face  has  an  equal  thick- 
ness.     There  are  many  varieties. 

An'tl-Bep'tlo.  See  Wood,  Preservation  of  ; 
Food,  Preservation  of. 

An'viL  {Forging.)  1.  This  is  ordinarily  a  mass  of 
iron  which  sustains  a  piece  of  metal  while  the  latter 
is  being  forged  to  shape.  In  its  ordinary  form,  where 
the  hammer  is  worked  by  hand,  it  has  a  si^uare 
central  block,  and  a  strong,  projecting,  and  pointed 
piece  of  steel  called  the  beak  or  honi.  The  quarter 
has  holes  for  tools  such  as  cutters  and  swages,  and 
the  whole  is  mounted  on  a  block.  Isaiah  speaks 
(xlis  7)  of  him  that  smites  the  anvil  in  connection 
with  the  art  of  the  goldsmith,  and  also  refers  to 
the  subsequent  soldering. 

In  heavy  operations,  such  as  the  forgings  of 
heavy  ordnance  and  shafting,  the  anvil  consists  of 
an  enormous  iron  block  imbedded  to  a  considerable 
depth  and  founded  on  piles  or  masoniy. 

rig.  268  shows  the  ordinary  blacksmith's  anvil^ 


Fig.  268. 


Antril  and  Tools. 

and  illustrates  the  methods  of  making  bolts. 

a  face  of  the  anvil. 

b  horn  or  beak. 

c  hardy  hole,  with  rounding-iron  inserted. 

n  body  or  web  of  the  anvil. 

In  forming  a  bolt  by  the  drawing-dmon  process, 
the  size  of  the  bar  of  iron  is  reduced  at  proper 
intervals  by  fullers,  and  the  operation  is  completed 
by  the  rounding-irons,  shown  at  c  and  rf,  leaving 
the  head  of  the  full  size  of  the  bar  A,  which  is  then 
cut  off  with  a  chisel. 

In  upseUing,  the  body  of  the  bolt  remains  of  the 
full  size  of  the  bar,  while  the  head  is  enlarged  by 
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upsetting,  that  is,  driving  the  end  down  upon  the 
body  with  a  hammer,  thus  forming  an  enlargement ; 
or  it  is  eulaiged  by  jumping^  tliat  is,  beating  the 
heated  end  forcibly  on  the  anvil  ;  in  either  case, 
the  head  of  the  bolt  is  finished  by  means  of  the 
heading-tool,  two  varieties  of  which  are  shown  at 
c  and/. 

The  third  process  of  bolt-making  is  by  welding 
or  builditig  up ;  a  bar  of  flat  iron  is  bent  around 
the  horn  of  the  anvil,  as  shown  at  i,  and  the  bar  of 
round  iron  intended  to  form  the  body  is  inserted 
through  it ;  the  ring  is  then  cut  off  at  the  proper 
length  by  the  chisel,  shown  at  k,  and  the  head 
finished  as  usual.  ^  is  a  swage  for  forming  hexag- 
onal heads  to  bolts,  or  other  hexagonal  or  tri- 
angular forms,  and  /,  m,  represent  bolts,  in  the  first 
of  which  the  head  is  partially  made,  and  in  the 
latter  completed. 

Tubal  Cain,  the  descendant  in  the  sixth  genera- 
tion of  Cain,  is  the  first  recorded  blacksmith,  and 
the  necessities  of  his  craft  must  have  inti'oduced 
the  anvil  before  the  time  of  Cinyra  of  Cyprus,  who 
is  credited  with  the  invention  by  PHny. 

The  anvil  of  the  Greeks  and  Romans  (irunis)  was 
usually  of  bronze,  and  was  shaped  like  our  own. 
It  had  a  horn,  and  was  mounted  on  a  wooden  block. 

Among  numerous  varieties  of  anvils  for  special 
trades,  and  to  give  a  more  extended  usefulness  to  the 
space  occupied  by  the  implement,  may  be  cited  one 
in  which  a  shears  and  punching  -  machine  are  com- 


rig.  268. 
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Anvil  Shears  and  Punch. 


tly  placed  beneath  the  anvil,  and  are  worked  by 
landcrank,  pinions,  and  segment-rack. 

Another  anvil  has  a  secondary  horn,  is  socketed 
upon  the  beak  of  the  anvil,  and  confined  tliere  by 
a  ninged  link.  On  the  upper  surface  of  the  secon- 
dary horn  are  grooves  into  which  the  shoe  is  driven 

Fig.  270. 


r^   ^ 


\>^--^ 


SO  as  to  bevel  the  inner  edge,  to  facilitate  its  free- 
ing itself  from  snow  which  becomes  packed  inside 
it. 

In  Fig.  271  the  anvil  is  supported  by  a  stout 
spring,  whose  recoil  is  par- 
tially counteracted  by  the  Fig.  271. 
light  springs  above.  The  ob- 
ject is  a  certain  amount  of  re- 
siliency without  jar  as  the 
anvil  regains  its  normal  posi- 
tion. 

The  gold-beater's  anvil, 
when  using  the  forging-ham- 
mer,  is  a  block  of  steel,  four 
inches  long,  and  three  broad. 
The  ingot  is  reduced  by  this 
operation  to  a  thickness  of 
one  sixth  of  an  inch. 

The  anvil  used  in  the  sub- 
sequent operation  is  a  block 
of  black  marble  twelve  inches 
square  at  top,  and  eighteen 
inches  deep,  framed  in  a  wood- 
en block. 

Anvils  are  tempered  in  a 
^/loatf  instead  of  being  merely  Spring  Anvil. 

dipped.    The  rapid  formation 

of  steam  keeps  tne  water  from  close  contact  with  the 
metal,  and  in  the  float  a  copious  stream  of  water  is 
poured  upon  the  surface  to  be  hardened,  falling  par- 
ticularly upon  the  center  of  the  face. 

Large  anvils  are  slung  from  a  crane  into  a  tank 
beneath  a  fall  of  water,  where  they  are  hardened ; 
being  lifted  before  the  main  bulk  of  the  iron  is 
cooled,  the  remaining  heat  is  allowed  to  draw  the 
temper  to  the  right  degree,  when  the  anvil  is  in- 
stantly immersed. 

The  casting  of  an  anvil  weighing  358,000  pounds 
is  thus  desciibed  by  the  **  London  Engineer    :  — 

**  Another  immense  casting  has  been  turned  out 
by  the  Midland  Works,  Sheffield,  viz.  a  160-ton 
anvil-block  for  a  steam-hammer.  In  the  center  of 
the  floor  a  great  pit  was  du^,  and  in  this  the  mold 
was  formed,  the  anvil  being  cast  with  its  face 
downward.  The  mold  was  12  feet  square  at  the 
base,  and  11  feet  6  inches  deep,  and  it  was  es- 
tinjated  that  nearly  170  tons  of  iron  would  be 
required  to  fill  it.  At  intervals  outside  the  shop 
were  five  furnaces,  and  at  six  o'clock  in  the  morn- 
ing these  commenced  to  pour  their  molten  con- 
tents into  the  huge  chasm,  and  continued  until 
about  five  o'clock,  when  the  operation  was  declared 
to  be  successfully  completed.  From  four  or  five 
different  points  streams  of  liquid  fire  were  slowly 
rolling  to  the  edge  of  the  pit,  where  they  fell 
amidst  showers  of  starry  sparks  into  the  vast  mass 
beneath.  A  metallic  rod  was  thrust  through  the  mass 
to  test  its  peifect  liquidity,  and,  this  having  been 
satisfactorily  proved,  the  top  of  the  pit  was  carefully 
closed,  to  be  opened  no  more  until  the  metal  has 
cooled,  which  will  probably  be  in  about  seven 
weeks.  The  arjvil  is  intended  to  be  placed  in  a 
gim -manufactory  in  the  vicinity.  The  bed  consists 
of  a  first  course  of  great  piles,  which  have  been 
driven  by  steam-power  15  feet  into  the  solid  ground. 
Upon  these  is  a  thick  bulk  of  oak,  solidly  braced 
and  bolted  together,  and  the  combined  mass  forms 
the  bed  of  the  anvil.  Only  about  half  a  foot  of 
its  bulk  will  appear  above  ground.  The  block  will 
have  to  sustain  the  blows  of  a  25-ton  steam-hammer 
which  will  be  employed  in  forging  600-pounder  and 
300- pounder  guns  for  Mr.  Whitworth." 

Mr.  Ireland,  of  Manchester,  England,  has  a  porta 
ble  })lant  for  casting  large  anvil-blocks  in  the  posi- 
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tion  they  are  to  occupy  on  the  premises  where  they 
are  to  be  used.  He  furnishes  everything  but  the 
iron  and  the  blast. 

"  The  plant  used  at  Mr.  Bessemer's  works  con- 
sisted simply  of  a  cupola  4  feet  in  diameter  within 
the  lining,  and  12  feet  deep  to  the  charging-door, 
constructed  on  the  "upper  tweer"  principle.  A 
belt  about  2  feet  9  inch&s  deep  surrounds  the  cylin- 
der at  aboijt  7  feet  from  the  ground,  and  into  this 
belt  the  blast  is  delivered  by  two  large  pipes,  one 
on  either  side.  The  upper  row  of  tweers  consists 
of  sixteen  orifices,  each  about  3  inches  in  diameter, 
ranged  ec^uidistantly  above  the  level  of  the  main 
supply  pipes,  which  discharge  into  the  lower  por- 
tions of  tne  belt.  The  lower  tweers  are  only  four 
in  number,  each  about  8  inches  in  diameter,  dis- 
posed opposite  each  other,  but  not  opposite  the 
main  pipe^.  By  this  means  the  blast  is  very  equally 
distributed  through  all  the  tweei-s.  At  the  time 
of  our  visit,  this  cupola  was  bringing  down  9  or 
10  tons  of  iron  per  hour,  and  Mr.  Ireland  has 
recently  cast  ah  anvil-block,  weighing  no  less  than 
205  tons,  at  the  Bolton  Iron  and  Steel  Works,  at 
the  rate  of  25  tons  per  hour,  with  two  cupolas 
precisely  similar  to  the  one  under  consideration. 
The  consumption  of  coke  is  very  moderate,  when 
once  everythmg  is  well  warmed  up,  not  greatly  ex- 
ceeding one  cwt.  of  coke  per  ton  of  iron.  A  strange 
contrast  exists  between  such  operations  as  this  and 
those  in  which  Mr.  Ireland  first  engaged  in  the 
year  1809,  when  he,  in  common  with  many  other 
foundei-s,  considered  it  a  good  day*s  work  to  melt 
a  single  ton  of  iron  in  ten  hours. 

**  It  is  not  easy  to  see  how  the  casting  of  large 
masses  can  be  more  economically  effected  than 
under  this  system. .  Thp  lining  of  the  cujx)la  being 
removed,  it  is  brought  into  the  condition  of  an 
ordinary  boiler  shell  of  no  very  excessive  weight, 
easily  admitting  of  transport  by  either  rail  or  water. 
The  whole  affair  being  carried  out  by  contract, 
the  manufacturer  is  saved  an  immense  amount  of 
trouble  and  responsibility,  while  all  the  operations 
being  conducted  by  those  who  possess  a  special 
knowledge  and  experience  of  the  matter  in  hand, 
the  best  results  are  sure  to  be  obtained  at  the 
least  possible  outlay.  In  many  case^,  without  the 
existence  of  such  a  system,  the  manufacturer  would 
find  himself  compelled  to  erect  a  cupola  of  large 
dimensions  for  which,  the 
block  once  cast,  he  would 
have  no  further  use."  — 
London  Engineer. 

2.    In   the   Laidley  car^ 

tridge  (Fig.  272)  is  an  anviU 

plate  A  which  is  held  in 

Cartridge  Anvil.  position   by  a  shoulder  d 

on    the   capsule.     On   the 

plate  is  a  nipple  which   holds   the  percussion -cap. 


Fig.  272. 


!1> 


Fig.  278. 
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and  the  latter  is  exploded 
by  a  blow  on  the  rear,  de- 
livered by  the  nose  of  the 
gim-lock.  B  is  the  bullet 
retained  by  spinning  down 
the  edge  of  the  capsule. 

3.  A  little  pennon  on 
the  end  of  a  lance. 

An'vil-out'ter.  A 
shears  operated  by  a  blow 
of  a  hammer,  for  the  use 
of  V>lack8miths. 

The  lower  cutter  is  upon 
one  end  of  a  lever  whose 
other  end  is  elevated  by  a 
spring  to  open   the  jaws. 


The  jaws  are  closed  by  a  blow  of  the  hammer  upon 
the  ou  er  end  of  the  lever. 

A-or'tio  Com-presB'or.  An  instrument  for  com- 
pressing the  aorta  to  limit  the  flow  of  blood  from 
thence  to  the  divided  femoral  artery  in  cases  of  am- 
putation at  the  hip  joint.  See  Surgeon-General 
Barnes's  Jieport^  Circular  No.  7. 

Ap'er-ture.  1.  (Architecture.)  An  opening  inn 
wall  or  partition,  for  a  window,  door,  ventilation,  or 
to  form  a  recess. 

The  sides  are  jambs.    . 

The  top  is  the  head,  or  lintel. 

The  bottom  is  the  sUl,  or  threshold. 

2.  (Optics.)  The  orifice  in  the  end  of  a  telescope 
or  other  optical  instrument  through  which  light  en- 
ters. The  diameter  of  the  exposed  portion  of  the 
object-glass ;  as,  *'  6-inch  aperture." 

Aphlo-^'tic  Lamp.  Literally,  flameless.  A 
lamp  in  which  the  wick,  of  platinum  wire,  is  kept 
constantly  red-hot  by  the  slow  combustion  of  alco- 
hol, heated  by  the  \**ire  itself. 

A'pi-a-ry.  A  place  where  bees  are  kept.  It  gen- 
erally assumes  the  fonn  of  a  house  forming  a  com- 
mon shelter  for  the  hives,  but  in  some  cases  tie 
hives  are  more  closely  associated  and  form  a  cluster 
of  families,  occupying  a  bee  "palace."  This  is  fre- 
quently an  oi-namental  structure,  with  a  number  of 
apartments  for  brood  comb,  and  outlying,  removable 
boxes  for  containing  surplus  honey.  The  ijiterior 
has  provision  for  ventilation  by  gauze-lined  tubes, 
and  the  portions  communicate  by:  ducts,  or  by 
holes  in  the  partitions.  Provision  is  made  for  part- 
ing oflf  certain  portions  which  are  removable  with 
their  tenants  and  provisions  to  form  a  nucleus  for 
another  cluster  of  families.  The  intention  of  the 
bee-palace  arrangement  has  been  to  give  the  bees 
the  advantage  oi  combined  effort  and  at  the  same 
time  prevent  natural  swanning  by  making  colonies 
removable.  Experience  indicates  that  they  rffn 
well  for  a  season  and  then  dwindle,  becoming  a  prey 
to  their  natural  enemies,  among  which  the  most 
fatal  is  the  bee  moth.  Individual  families  are  com- 
paratively short-lived,  and  modem  apiarists  have  ob- 
tained such  a  command  over' the  fraternity,  that  the 
families  may  be  divided  at  pleasure,  with  a  frequen- 
cy and  success  dependent  upon  the  resources  of  the 
bees  for  food  and  the  salubrity  of  the  season,  always 
bearing  in  mind  the  tribal  economy  of  the  bees, 
which  requires  the  presence  of  a  queen. 

In  some  parts  of  the  world  the  apiary  consists  of 
a  collection  which  are  formed  into  a  village  with 
avenues.  They  are  sheltered  in  winter-quarters,  and 
on  the  approach  of  spring  are  carried  out  to  favor- 
able localities,  where  they  work  during  the  honey- 
making  season.  This  is  especially  the  case  on  some 
parts  of  the  continent  of  Europe,  where  bee-keeping 
is  systematized  and  followed  as  a  regular  branch  of 
industry,  the  aim  being  to  glean  the  favorable  terri- 
tory of  all  the  bee-supi)orting  nutriment. 

Fig.  274. 


Apiary. 
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The  devices  in  apiaries,  not  considering  those  be- 
longing to  hives,  which  are  considered  separately 
(see  Beehive),  are  for  ventilation,  protection  against 
storms  and  depredators,  and  for  housing  during 
winter. 

In  the  compound  hive  (Fig.  274)  the  apartments 
are  associated  side  by  side  in  an  outer  case,  and  com- 
municate with  each  other  laterally,  and  each  with  its 
removable  honey-box  above.  This  is  an  illustration 
of  the  lateral  arrangement ;  others  are  associated 
vertically. 

In  Fig.  275  is  shown  another  form  of  apiary 
whose  "pigeon-holes"  are  occupied  by  drawers 
which  are  interchangeable  and  made  to  commu- 

Fig.  276. 


Apiary. 

n|cate  as  required.  Doors  inclose  the  front,  and 
the  whole  is  mounted  on  a  pillar  to  raise  it  out  of 
the  way  of  mice,  etc.  Ventilating  arrangements 
are  made  in  the  interior,  the  ramifications  extending 
to  the  pockets  which  contain  the  drawers  forming 
the  apartments.  An  ornamental  character  is  given 
to  the  whole  to  make  it  an  agreeable  object  in  a 
bower  or  on  a  grass  plat. 

Another  bee-palace  has  a  frame  on   which  the 


Fig.  276. 


liives  are  supported,  shelves  for  honey-boxes,  doors 
for  examination  or  change,  and  an  enclosing  shed 
above  for  protection  from  heat  and  wet.  The  lower 
part  of  the  case  has  inclined  sides  and  a  falling  door 
at  bottom  for  the  discharge  of  offal. 

In  Fig.  277  the  moths  and  grubs  falling  from  the 
hives  are  directed,  by  the  inclined  sides  of  the  lower 
portion,  into  the  trap   beneath.     The  trap  has  a 

Fig.  277. 
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Bee-Palace. 

funnel-shaped  conductor,  a  perforated  diaphragm, 
and  a  detachable  bottom  by  which  the  insects  and 
offal  ai*e  removed.  Additional  apartments  for  the 
extension  of  room  are  added  above  and  on  the  sides, 
and  admittance  to  them  is  afforded  as  requited  by 
withdrawing  the  slides  which  command  the  ducts  of 
communication.  * 

Fig.  278  shows  a  hive  which  has  a  sunken  hatch- 

FiK.  278. 


Apiary. 
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way  in  the  center,  extendluf^  into  a  pit  so  as  to 
bring  the  floor  of  the  hive  about  on  a  level  with  the 
surface  of  the  ground.  The  walls  and  ceiling  are 
double,  and  have  a  layer  of  non-conducting  material. 
A  central  chimney  removes  the  vitiated  air,  and  i-e^- 
isters  determine  the  admission  of  air  to  each  hive  m 
the  group.  It  is  supported  by  posts  which  rest  in 
cups  of  water  to  prevent  access  of  ants  and  mice. 
The  devices  have  particular  reference  to  means  for 
maintaining  an  even  temperature  ;  the  double  sides 
and  non-conducting  material  obstructing  the  pas- 
sage of  heat  outward  in  winter,  and  also  moderating 
the  effect  upon  the  bees  of  the  summer  heat  strik- 
ing upon  the  sides  of  the  hive.  The  equality  of  the 
temperature  is  also  conserved  by  the  nearnes.s  of 
the  ground,  while  provision  is  made  for  removing 
effluvia  or  corrupt  air  which  might  accumulate  in  the 
pit. 

Apla-nat'io  Lens.  A  lens  constructed  of  dif- 
ferent media  so  as  to  correct  the  unequal  refrangibil- 
ity  of  the  different  rays. 

The  object  to  be  attained  is  that  rays  parallel  to 
the  axis  of  the  lens  or  diverging  from  a  point  on  its 
axis,  after  passing  through  it  and  sutrering  refrac- 
tion at  its  surface,  shall  converge  to  a  single  point, 
the  true  focus.     See  Achromatk;  Less. 

A-pol-lonl-oon.  A  large  chamber-organ  played 
by  key-boards  or  by  barrels,  and  exhibited  in  Lon- 
don some  years  since.  It  was  constructed  by  Flight 
and  Robinson  in  1817.  It  had  1,900  pipes,  45  stops, 
5  key -boards  and  2  barrels.  The  number  of  keys 
acted  upon  by  the  cylintlers  was  250. 

Ap'o-me-oom^e-ter.  An  instrument  for  measur- 
ing hights,  invented  by  a  Mr.  R.  Millar,  and  manu- 
factured in  Ixindon. 

The  apomecometer  is  constructed  in  accordance 
with  the  principles  which  govern  the  sextant,  viz.  : 
As  the  angles  of  incidence  and  reflection  are  al- 
ways eq^ial,  the  rays  of  an  object  being  thrown  on 
the  plane  of  one  niirmr  are  from  that  reflected  to  the 
plane  of  another  mirror,  thereby  making  both  ex- 
tremes of  the  vertical  hight  coincide  exactly  at  the 
same  point  on  the  horizon  glass,  so  that  by  meas- 
uring the  base-line  we  obtain  a  result  equal  to  the 
altitude. 

The  eye  of  the  observer  when  in  position  will  be 
at  the  lower  end  of  the  hy^wtenuse,*  and  the  summit 
of  the  object  at  the  other.  Keeping  the  line  of  vis- 
ion, which  forms  the  base,  exactly  horizontal,  the 
observer  approaches  the  object  till  the  images  coin- 
cide, when  the  base  will  agiee  in  length  with  the 
perpendicular,  and  the  measured  length  of  the  for- 
mer will  ^ve  th(^  hight  of  the  latter. 

A-poph'y-geB.  A  molding  of  a  rounded  concave 
form.     See  MoLDiso. 

A-pos'tle.  {Nautical.)  A  knight-head  or  bol- 
lard-timber where  hawsers  and  heavy  ropes  are 
belayed. 

A-pos'tro-phe.  An  elevated  comma-shaped  point 
('),  to  indicate  an  abbreviation,  as  "don't  for  "do 
not "  ;  to  mark  the  plural  of  figures  or  letters  used 
as  \\;ords,  as  **  two  20's,"  **  the  font  lacks  A's"  ;  or 
to  mark  the  possessive,  as  '*  lago's  trick." 

Ap'pa-ra'tiis.  1.  A  set  of  tools  or  implements 
for  a  given  duty,  experimental  or  operative. 

2.  A  complex  instrument  or  appliance,  mechan- 
ical^ or  chemical,  for  a  sj>ecific  action,  or  opera- 
tion. 

3.  {Nautical.)  A  ship's  war  equipage  and  am- 
munition. 

Ap-par'el.    1.  Body  clothing. 
2.     {NatUical.)      The   masts,    rigging,  sails,  and 
other  gear  of  a  vessel. 

Ap-pend'a-ges.  {Shiphuildi-ng.)  Relatively  small 


portions  of  a  vessel  projecting  beyond  the  general 
shape,  as  shown  by  the  cross -sections  and  water-sec- 
tions.    These  parts  usually  consist  of,  — 

The  keel  below  its  rabbet. 

Part  of  the  stem  and  stem-post. 

The  rudder,  rudder-post,  and  screw  (if  any). 

These  volumes  are  calculated'separately  and  added 
to  the  main  part  of  the  displacement. 

Ap'ple-cor'er.  Many  of  the  apple-parers  have 
attachments  for  dividing  the  fruit  into  quarters,  or 
still  more  minutely  ;  m  some  cases  tne  apple  is 
pushed  from  its  impaling  fork  against  a  cutting-tube 
with  radial  knives,  the  tube  receiving  the  core  and 
the  knives  making  the  division.  A  device  for  cor- 
ing, slicing,  and  stringing  fruit  is  shown  in  Fig. 
279.  The  fruit  is  placed  above  the  coring-tube  and 
its  radial  knives,  and  is  pressed  down  upon  the 


Fig.279. 


Fig.  280. 


Apple- Cortr. 

same  by  a  plunger  whose  central  part  projects  suffi- 
ciently to  drive  the  core  into  the  tube.  The  quar- 
tera  are  pressed  upon  sharp  plates  which  enter  the 
fruit  a  short  distance,  and  are  the  means  of  introdu- 
cing strings  which  depend  from  the  said  plates  ;  the 
successive  pieces  push  their  pred- 
ecessors off  the  plates,  and  the 
pieces  are  thus  strung  and  sus- 
pended until  a  sufficient  quan- 
tity is  gathered.  The  strings  are 
then  removed  and  empty  ones 
attached. 

Fig.  280  is  an  example  of  an 
implement  consisting  of  a  tube 
or  circular  cutter  of  sheet  metal, 
slightly  tapering  from  the  cut- 
ting edge,  and  with  four  or  more 
radial  cuttere  projecting  from 
its  circumference.  The  central 
plunger  serves  as  a  guide  in  aj>- 
plying  the  implement,  and  is 
afterwards  the  means  of  ejecting 
the  core. 

Ap'ple-par'er.  This  is  an 
ingenious  American  device,  and 
created  mingled  emotions  of  ad- 
miration and  amused  surprise 
when  it  was  introduced  into  Eng- 
land; the  dateis  not  remembered, 
but  it  was  referred  to  as  a  novelty  ^ 
about  1840.  Theiv  are  now  over  ^^^^  ^p^,.  ^nd 
eighty  patents,  which  apjwar  to  Quarterer, 
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agree  in  one  respect,  that  is,  the  rotation  of  the  fruit 
on  the  end  of  a  fork.  The  operation  requires  two 
motions,  which  vary  in  the  different  machines. 

1.  The  cutter  describes  a  semicircle  in  the  plane 
of  the  axis  of  the  fork  while  the  fruit  is  rotating,  so 
that  it  may  remove  a  paring  from  the  stem  to  the 
blossom  end,  following  tlie  rotundity 

of  the  fruit. 

2.  An  oscillatory  motion  is  given 
to  the  fork,  whose  stock  describes 
an  arc  in  the  plane  of  its  length, 
presenting  the  rounded  surface  of 
the  rotating  apple  to  the  knife,  which 
cuts  a  continuous  paring  fi-om  the 
fruit,  from  the  stem  to  the  blossom 
end. 

The  first  patents  recorded  are  those 
of  CoATES,  1803,  and  Cruttenden, 
1809  ;   Gates  added  the  quartering 
in  1810.     The  Patent-Office  records 
^rished  in  the  fire  of  1836.     We  ' 
find  that  in  Mitchel's  patent,  April 
13,  1838,  the  first  granted  after  the 
fire,  that  the  knife  was  operated  by 
hand  while  the  fruit  was  impaled 
upon  a  fork  which  was  rotated  by 
gearing.     The  pared  apple  was  then  pushed  through 
an  onening  with  a  cruciform  knife  arrangement,  By 
which  it  was  quartered. 

Fig.  281. 


by  gear  connection  wth  the  hand-crank  shaft.  The 
knii'e  returns  automatically  to  the  place  of  com- 
mencement after  making  its  'effective  sweep. 

In  Fig.  283  the  rotation  of  the  fork  is  obtained 
by  one  motion  of  the  hand  in  an  arc  of  a  circle,  the 
smaller  cog-wheel  on  the  main  shaft  gearing  into 

Fig.  288. 


In  Fig.  281,  date  of  1857,  the  threaded  shaft  draws 
the  slide,  bringing  the  paring-knife  against  the  sur- 
face of  the  apple  which  is  impaled  on  the  fork. 
The  knife-stock  is  so  pivoted  on  its  shaft  as  to  pre- 
sent the  blade  to  the  apple  while  following  its  con- 
vexitv  to  some  extent.  The  work  is  not  so  thor- 
oughly done  on  the  ends  as  by  later  inventions  in 
which  a  positive  semicircular  sweep  is  given  to  the 
fruit  or  knife.  The  slicing-knife,  which  follows  the 
parer,  cuts  the  apple  into  a  spiral,  leaving  a  cylin- 
orical  core-piece  attached  to  the  fork.  In  a  later  ma- 
chine, cams  on  the  main  and  an  intermediate  wheel 

combine  to  oscillate 


Fig.  282. 


AppU-Pturer, 


a  rack,  which  sweeps 
the  paring-knife  al- 
ternately from  the 
stem  to  the  calyx  of 
one  apple,  and  in  a 
contrary  direction 
on  the  next.  The 
device  is  attached  by 
a  clamp  to  the  table. 
In  Fi^.  282,  the 
apple  is  impaled  on 
the  revolving  fork, 
and  the  knife  is  made 
to  sweep  around  au- 
tomatically, as  its 
platform  is  revolved 


the  curved  rack  and  moving  the  larger  cog-wheel 
which  runs  the  pinion  on  the  fork-shwt.  The  par- 
ing-knife and  its  stock  have  no  motion  on  each  other, 
but  have  such  a  progressive  and  rotary 
movement,  that,  as  the  apple  is  revolved,  the 
knife  will  pass  from  the  stem  to  the  blos- 
som end  of  the  apple,  and  adapt  itself  to  the 
varying  form  and  inequalities  of  the  fruit 
being  pared.  The  knife  is  automatically 
moved  away  from  the  fruit  after  the  effective 
sweep,  and  resumes  its  operative  position 
when  returned  to  the  starting-point. 

Ap'ple-quarter-er.  An  implement  for 
dividing  apples  into  quarters. 

A  wooden  plunger  is  pressed  down  upon 
the  apple  placed  on  a  central  point,*  and 
forces  it  Mtween  the  four  knives.  In 
another  form  it  is  a  coring-tube  with  four 
radial  wings. 

Fig.  284. 


^^^^^^^i^'''^ 


AppU-Qiuarterer, 

Ap/pll-ca-tor.  A  surgical  instrument,  of  form 
and  proportions  adapted  to  its  specific  uses,  for  ap- 
plying caustic,  a  tent,  or  other  application  to  a  deep- 
seated  part. 

Ap-point'mentB.  1.  (Persovud.)  Accoutennents 
other  than  arms  and  ammunition. 

2.  {Naval. )  The  furnishing  or  equipment  of  a 
ship. 
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Ap-proach'.  In  a  military  sense,  either  a  route 
by  which  a  fort,  fortified  town,  or  other  military 
position,  may  be  approached  for  the  purpose  of 
attack ;  or  the  trench  or  protected  road  constructed 
by  the  besiegers  for  conveying  ordnance,  ammuni- 
tion, and  stores,  or  for  marching  bodies  of  men  to  or 
from  the  parallel's ;  in  the  latter  case  approaches 
may  be  either  excavations,  with  the  earth  there- 
from thrown  up  as  an  embankment  on  the  side  ex- 
posed to  the  enemy's  shot,  or  they  may  be  formed  of 
sand-bags,  gabions,  fascines,  or  anytmng,  in  short, 
which  will  stop  a  cannon-bEill.  The  works  of  this 
kind  constructed  durinsf  the  siege  of  Sebastonol  in 
1854  and  1855  are  probably  without  a  parallel  in 
modem  history,  if  indeed  they  were  ever  equalled  in 
the  history  of  sieges.  They  embraced  seventy  miles 
of  sunken  trenches,  and  no  less  than  sixty  thousand 
fascines,  eighty  thousand  gabions,  and  one  million 
sand-bags  were  employed  to  protect  the  men  working 
in  the  trenches  and  at  the  different  batteries. 

A'pron.  1.  A  board  or  leather  which  conducts 
material  over  an  oi)ening  ;  as,  the  grain  in  a  separa- 
tor, the  ore  in  a  bvddle  or  frame,  etc. 

2.  The  sill  of  a  window  or  a  dock  entrance. 

3.  The  floor  of  a  tail-bay.     See  Canal  Lock. 

4.  A  leaden  plate  over  the  vent  of  a  gun. 

6.  A  leathern  covering  for  the  legs  of  the  person 
occupying  the  driving-seat  of  a  vehicle. 

6.  The  piece  that  holds  the  cutting  tool  of  a 
planer. 

7.  (Plumbing.)  A  strip  of  lead  which  leads  the 
drip  of  a  wall  into  a  gutter ;  a  flashing.  See  Gut- 
ter. 

8.  {Shipbuilding. )  A  timber  within  the  stem  of  a 
vessel  in  prolongation  of  the  dead  wood.  It  strength- 
ens the  stem,  and  affords  wood  for  the  reception  of 
the  plank  of  the  bottom  and  the  heels  of  the  fore- 
most timbers.     See  Stem. 

A'pron-pieoe.  (Carpentry.)  A  horizontal  piece 
supporting  the  upper  ends  of  the  carriage-pieces  or 
rough-strings  of  a  wooden  staircase. 

A  •pilching-piece.  The  carriage  which  supports 
the  steps  is  pitched  or  slanted  against  it. 

Apfeie,  Ap'sifl.  (ArcJiitecture.)  a.  The  arched 
roof  of  a  house,  room,  or  oven. 

b.  The  domed  semicircular  or  polygonal  termi- 
nation of  the  choir  or  aisles  of  a  church,  where  the 
altar  was  placed  and  where  the  clergy  sat,  in  Gk>thic 
constructions. 

A-qaa'ri-um.  A  vessel  containing  salt  or  fresh 
water  in  which  living  specimens  of  aquatic  animals 
and  plants  are  maintained  ;  sometimes  called  viva- 
rium or  aqtca  vivariwn.'  From  the  earliest  times 
animals  living  in  water  have  been  kept  alive  in 
small  vessels  for  exhibition  or  transportation  by  fre- 
quently changing  the  water,  yet  it  is  only  since  the 
nse  of  modem  chemistry  and  i)hysiology  tnat  the  tme 
principles  of  the  a^^uarium  have  been  discovered. 

As  the  air  contained  in  the  water  is  breathed  by 
the  animals  and  loses  its  vitality,  the  resulting 
gaseous  product  becomes  deleterious  and  must  be 
removed  :  this  is  the  office  of  the  plants  in  the 
modem  aquarium ;  these  restore  the  oxygen  and 
abstract  the  excess  of  carbonic-acid  gas,  their  func- 
tion in  the  subaqueous  vegetation  being  similar  to 
that  performed  by  the  ordinary  terrestrial  flora. 

But,  besides  the  animals  and  plants  properly  pro- 
portioned to  each  other  to  maintain  the  unitomi 
composition  of  the  air  in  the  water,  it  has  been  found 
necessary  to  add  certain  animals  which  feed  on  de- 
composing vegetable  matter  and  act  as  the  scaven- 
gers in  this  community  ;  such  are  the  various  species 
of  molluscous  animals,  as  the  snails,  etc.  It  is  of 
importance  to  guard  against  the  preponderance  of 


animal  life,  for  an  excess  of  animals  over  plants  in  a 
given  space  will  disturb  the  balance  and  lead  to  their 
destmction.  The  demonstration  of  these  conditions 
is  due  to  R.  Warrington,  1850.  In  some  cases  where 
the  supply  is  continuous,  the  fresh  water  maintains  a 
healthy  condition  ;  and  the  same  effect  has  been  at- 
tained by  a  succession  of  bubbles  of  air  introduced 
into  and  ascending  through  the  water  to  maintain 
the  natural  equilibrium  destroyed  by  the  animals 
breathing  therein.  Agitation  of  the  water  produces 
the  same  results  more  or  less  perfectly,  but  the  effect 
is  not  so  pleasing  unless  it  be  introduced  withscenic 
devices  or  machines,  such  as  paddles,  wheels,  mills, 
or  moving  automatons  which  require  a  supply  of 
water  to  make  them  constant. 

In  1849  N.  B.  Ward  grew  sea-weed  in  artificial 
sea-water.   A  great  at^uarium,  one  hundred  and  fifty 

Fig.  286. 


Aquarnan. 

feet  long  and  thirty-six  feet  wide,  was  constmcted  in 
1860  in  the  Jardin  d' Acclimation  in  Paris  by  Alford 
Lloyd  of  London.  The  same  gentleman  erected  a 
magnificent  aquarium  in  Hamburg. 

Fig.  286  shows  an  arrangement  for  the  introduc- 
tion of  air  for  the  revivification  of  the  water.  It  is 
an  air-forcing  apparatus  consisting  of  an  inverted 
weighted  vessel  whose  edges  are  submeiged  in  the 

Fig.  2S6. 


Cutting^s  Aquarium. 

water  of  the  reservoir,  and  which  connects  by  a  flex- 
ible pipe  with  the  interior  of  the  tank.  A."»  the  in- 
verted weighted  air-holder  descends  gradually,   it 
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forces  air  through  the  flexible  .pipe  into  the  aqua- 
rium. 

The  aquarium  of  the  Paris  ElxjMsition  was  a  re- 
markable success,  and  has  given  rise  to  much  more 
ambitious  stmctures.  The  aquarium  of  Brighton, 
England,  for  instance,  occupies  ground  716  leet  in 
length,  with  an  average  width  of  a  hundred  feet. 
The  aquarium  proper  is  divided  into  three  corri- 
dors. The  first  is  divided  again  into  nineteen  bays, 
which  are  roofed  over  with  bricks,  groined  vaulting 
of  red  and  black  alternating  with  red  and  buff.  The 
arches,  ribs,  and  bosses  are  of  Bath  stone.  The  ex- 
treme length  of  the  corridor  is  broken  most  effec- 
tively by  a  central  square  55  by  45  feet,  the  groined 
vaulting  forming  a  sort  of  cloister  around  the  square, 
whQe  the  centrS  portion  is  covered  with  an  elabo- 
rate ornamental  iron  roof,  partly  glazed  with  antique 
colored  glass.  The  tanks  are  arranged  on  either 
side,  twenty-eight  in  number,  averaging  in  size  from 
II  X  20  feet  to  55  x  30  feet.  The  whole  front  work 
of  the  tanks  is  of  Portland  stone,  ornamented 
with  appropriate  devices  of  fish,  shells,  marine  mon- 
sters, and  aquatic  symbols.  These  fronts  are  in- 
closed by  plate  glass  of  great  thickness,  secured  to 
the  stonework  by  waterproof  cement.  The  area  of 
water  surface  visible  in  tne  rear  of  the  glass  is  9  feet 
wide  by  5  feet  deen.  The  light  of  the  corridors  is 
only  transmitted  tnrough  the  water,  thus  affording 
to  the  visitor  the  sensation  of  being  under  water 
without  the  inconvenience  of  a  wetting.  At  the 
eastern  extremity  of  this  corridor,  which  is  220  feet 
in  length,  the  visitor  finds  before  him  the  entrance 
to  a  fine  conservatory.  This  entrance  is  at  the  junc- 
tion of  the  first  and  second  corridors ;  the  latter, 
running  north  and  south,  forms  right  angles  with 
the  first  corridor.  The  conservatory  is  160  feet 
long  by  40  feet  wide  and  30  feet  high.  The  orna- 
mentation of  this  apartment  is  in  keeping  with  that 
of  the  other  parts  of  the  building.  It  is  chiefly  in- 
tended for  a  sort  of  subterranean  promenade,  and  is 
ornamented  with  plants,  ferns,  small  aquaria,  etc. 
Corridor  No.  3,  which  is  approached  from  No.  2,  is 
of  the  same  length  as  the  conservatory,  contains 
twenty  tanks,  some  for  fresh-water,  others  for  salt- 
water fishes.  At  the  end  of  this  corridor  are  the 
engines  and  the  store  tanks,  boiler,  retiring  and 
naturalists'  rooms,  and  another  flight  of  steps  lead- 
ing to  the  terrace. 

The  water  for  the  tanks  is  supplied,  by  means  of 
pumps,  from  reservoirs  beneath  the  floor  of  the 
builoing ;  and  by  an  arrangement  of  pipes  and 
pumping  the  water  is  kept  constantly  in  motion 
throughout  the  aquarium. 

The  whole  cost  about  $  250,000. 

A-qaatlo  Box.  An  accessory  to  the  microscope 
in  the  form  of  a  shallow  glass  cell  in  which  algse  or 
animalculffi  are  placed  for  observation. 

A'qua-tint.  A  peculiar  style  of  engraving  on 
metal  said  to  have  oeen  invented  by  St.  Non,  a 
French  artist,  about  1662.  Otherwise  stated  to 
have*  been  invented  by  Le  Prince,  Metz,  1723. 
The  process,  briefly  described,  is  as  follows :  A  sur- 
face of  resin  is  spread  upon  a  polished  plate  in  such 
a  manner  as  to  leave  innumerable  little  uiterstices 
between  the  resinous  particles.  This  surface  cov- 
ering is  called  a  ground,  and  may  be  made  in  two 
ways,  —  the  dry  process  and  the  solution  process. 

The  dry  process  is  performed  by  dusting  over  the 
very  sligntly  greased  surface  of  the  plate  a  shower 
of  finely  powdered  resin.  The  surplus  having  been 
removed  oy  tapping  the  plate,  which  is  held  in  a  re- 
versed position,  the  particles  are  caused  to  adhere 
to  the  plate  by  warming  the  latter  over  a  lamp,  or; 
what  is  much  better,  the  moderate  diffused  heat  of  a 


piece  of  burning  paper.  In  the  interstices  between 
the  particles  of  resin  the  plate  is  exposed  to  the  ac* 
tion  of  acid,  of  which  presently. 

The  solution  process  consists  in  dissolving  the 
resin  in  alcohol  and  flooding  the  plate  with  it,  allow- 
ing the  liquid  to  run  off ;  a  film  adheres  to  the  plate 
and  cracks  in  drying,  leaving  innumerable  fine  fis- 
sures where  the  plate  is  exposed. 

The  design  is  now  placed  on  the  "ground,"  or  it 
may  have  been  previously  etched  in ;  the  latter  is  now 

S referred.  A  wall  of  wax  being  erected  around  the 
esign,  it  is  flooded  with  dilute  acid,  as  explained 
under  Etching  (which  see).  For  copper  plate, 
dilute  nitrous  acid  is  used  (acid,  1 ;  water,  5).  For 
steel,  dilute  nitric  and  pyroligneous  acid  is  used 
(nitric  acid,  1  ;  pyroligneous  acid,  1  ;  water,  6).  As 
soon  as  the  lighter  tints  are  sufficiently  bit  in,  the 
acid  is  removed  and  the  plate  washed  and  dried. 
The  light  portions  being  stopped  out,  that  is,  covered 
with  Brunswick  black  to  protect  them  from  farther 
action  of  the  acid,  the  latter  is  again  applied  for 
the  second  tint,  and  so  on.  The  delicate  gradations 
are  obtained  by  flooding  tind  fetUhcringj  which  are 
nice  technical  operations,  requiring  ^kill  only  at- 
tained by  practice,  and  for  a  descnption  of  which 
we  cannot  spare  room.  This  is  a  cheap  and  effec- 
tive mode  of  engraving,  and  is  not  estimated  at  its 
proper  value.  The  eflect  produced  is  like  a  drawing 
m  india  ink. 

For  different  grounds  the  resin  is  more  or  less 
diluted ;  thegreater  the  dilution  the  finer  the  ground, 
that  is,  the  more  delicate  and  numerous  are  the  in- 
terstices in  which  the  acid  acts.  A  different  ground 
is  also  obtained  by  a  change  of  ingredients.  Ber- 
gundy  pitch,  mastic,  frankincense,  and  other  resins, 
give  various  patterns  of  grounds,  so  to  speak. 

Aq'ue-duot.  A  conduit  for  the  conveyance  of 
water.  More  particularly  applied  to  those  of  con- 
siderable magnitude  intended  to  supply  cities  and 
towns  with  water  derived  from  a  distance  for- do- 
mestic purposes,  or  for  conveying  the  water  of  canals 
across  rivers  or  valleys.  Pocock  describes  one 
erected  by  Solomon  for  conveying  water  from  the 
vicinity  of  Bethlehem  to  Jerusalem.  This  was 
formed  by  earthen  pipes  about  ten  inches  in  diame- 
ter, encased  with  stone  and  sunk  into  the  ground, 
and  would  seem  to  have  conformed  to  its  inequalities, 
indicating  a  more  advanced  state  of  hydraulic  engi- 
neering in  Solomon's  time  than  is  commonly  sup- 
posed to  have  been  possessed  by  the  earlier  Romans, 
who  were  justly  famed  for  their  works  of  this  kind, 
which  have  never  been  surpassed  in  strength  and 
beauty. 

The  earliest  account  of  any  a(}ueduct  for  convey- 
ing water  is  probably  that  which  is  given  by  Herodo- 
tus (who  was  bom  484  B.  c).  He  describes  the 
mode  in  which  an  ancient  aqueduct  was  made  by 
Eui)alinu.s,  an  architect  of  Megara,  to  supply  the 
city  of  Samoa  with  water.  In  the  course  of  the 
ai^ueduct  a  tunnel,  nearly  a  mile  in  length,  was 
pierced  through  a  hill,  and  a  channel  three  feet  wide 
made  to  convey  the  water. 

The  first  of  the  Eoman  aqueducts  (Aqua  Appia) 
was  built,  according  to  Diodoms,  by  Appius  Clau- 
dius, in  the  year  of  the  city  441,  or  812  B.  c.  The 
water  which  it  supplied  was  collected  from  the 
neighborhood  of  Frascati,  eleven  miles  from  Bome, 
and  its  summit  was  about  one  hundred  feet  above 
the  level  of  the  city. 

The  second  ( Anio  Vetus)  was  begun  forty  years  after 
the  last-named,  by  M.  Curius  Dentatus,  and  fin- 
ished by  Fulvius  Flaccus  :  it  was  supplied  from  the 
country  beyond  Tivoli,  forty-three  miles  distant. 
Near  Vicovaro  it  is  cut  through  a  rock  upwards  of  a 
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mile  in  length,  in  which  part  it  is  five  feet  high 
and  four  feet  wide.  The  water  of  this  aqueduct 
was  not  good,  and  therefore  only  used  for  the  most 
ordinary  purposes. 

The  third  (Aqua  Martia)  was  supplied  fix)m  a 
fountain  at  the  extremity  of  the  mountains  of  the 
Peligni.  The  water  entered  the  city  by  the  Es- 
quiline  Gate.  This  aqueduct  was  the  work  of  Quin- 
tus  Martins,  and  had  nearly  seven  thousand  arches 
in  a  course  of  thirty-nine  miles. 

The  fourth  (Aqua  Tepula)  was  supplied  from  the 
vicinity  of  Frascati! 

The  fifth  (Aqua  Julia)  was  about  six  miles  long, 
and  entered  the  city  near  the  Porta  Esquilina. 

The  sixth  (Aqua  Virginis)  was  constructed  by 
Agrippa  thirteen  years  after  the  Julia.  Its  summit, 
in  the  territory  of  Tusculum,  was  about  eight  miles 
from  Rome,  which  it  entered  by  the  Pinoian  Gate. 
This  water  still  bears  its  ancient  appellation,  being 
called  Acqua  Vergine. 

The  seventh  (Aqua  Alsietina,  called  also  Augusta, 
from  the  use  to  wnich  Augustus  intended  to  apply 
it  for  supplying  his  Naumachia)  was  brought  irom 
the  lake  whose  name  it  bears. 

The  eighth  (Aqua  Claudia),  begun  by  Caligula 
and  comj^eted  by  Claudius,  is  about  forty  miles  in 
length.  It  enters  the  city  at  the  Porta  Nevia,  near 
the  Esquiline  Mount.  The  (juality  of  the  water 
which  this  aqueduct  supplies  is  better  than  that  of 
any  of  the  others.  It  was  built  of  hewn  stone  and 
supported  on  arcades  during  seven  miles  of  its 
length.  After  a  lapse  of  eighteen  hundred  years  it 
still  Continues  to  furnish  Modem  Rome  with  pure 
and  wholesome  water. 

The  ninth  (Anio  Novus,  to  distinguish  it  from  the 
second-named  water)  was  begun  and  finished  by  the 
same  persons  as  the  last-mentioned.  It  is  the  water 
of  the  Anio,  which,  being  exceedingly  thick  and 
muddy  after  the  rains,  is  conveyed  into  a  large  reser- 
voir at  some  little  distance  from  Rome,  to  allow  the 
mud  to  subside. 

The  Acqua  Felice  is  modem,  and  was  erected  by 
Sixtus  V.  m  1581. 

The  Popes  have,  from  time  to  time,  been  at  con- 
siderable pains  and  expense  in  repairing  and  renew- 
ing the  aqueducts  ;  but  the  quantity  of  water  de- 
livered is  constantly  diminishing.  In  the  ancient 
city  the  sum-total  of  the  areas  of  the  different  pipes 
(which  were  about  an  inch  in  diameter)  through 
which  the  above  immense  quantity  of  water  was  de- 
livered, amounted  to  about  14,900  superficial  inches  ; 
but  the  supply  was  subsequently  reduced  to  1170. 

The  waters  were  collected  in  reservoirs  called 
easUlla^  and  thence  were  conveyed  through  the 
city  in  leaden  pipes.  The  keepers  of  the  reservoirs 
were  called  castellani.  Agrippa  alone  built  thirty 
of  these  reservoirs  during  nis  sedileship.  There  are 
five  modem  ones  now  standing  in  the  city  :  one  at 
the  Porta  Maggiore,  Castello  dell'  Acqua  Giulia, 
dell'  Acqua  Felice,  dell'  Acqua  Paolina,  and  that 
called  the  Fountain  of  Trevi. 

The  aim  of  the  Roman  aqueduct-builders  was  to 
conduct  the  water  along  with  an  equal  fall  during 
the  whole  distance  from  its  source  to  the  point  of 
delivery  ;  and  for  this  purpose,  instead  of  allowing 
the  conduits  to  follow  tne  natural  slope  of  the 
ground,  they  almost  always  erected  long  and  mas- 
sive stone  arcades  wherever  it  was  necessary  to  cross 
a  valley,  instead  of  availing  themselves  of  the  well- 
known  property  of  water  to  find  its  level.  This  was 
perhaps  necessary  in  the  then  state  of  the  mechanic 
arts,  the  art  of  casting  iron  pipes  of  lai^  size  being 
unknown. 

It  has  been  calculated  that  the  nine  earlier  aque- 


ducts of  Rome  had  a  total  length  of  more  than  249 
miles,  and  the  supply  of  water  to  Ancient  Rome  was 
computed  by  Professor  Leslie,  on  the  authority  of 
Sextus  Julius  Frontinus,  who  was  inspector  of  the 
aqueducts  under  the  Emperor  Nerva,  and  who  has 
left  a  valuable  treatise  on  the  subject,  at  fifty  mil- 
lion cubic  feet  per  day  for  a  population  of  one  mil- 
lion souls.  This  gives  the  immense  average  per 
head  of  fifty  cubic  feet,  or  three  hundred  and  twelve 
piUons,  per  diem,  —  a  consumption  quite  unequalled 
m  modem  times,  except  in  the  city  of  New  York, 
where  it  is  said  to  have  formerly  amounted  nearly 
to  this  quantity. 

The  aqueducts  of  Metz,  Nismes,  and  Segovia  are 
also  strikmg  examples  of  the  attention  paid  by  the 
Romans  to  the  subject  of  supplying  water  to  their 
towns  and  cities. 

It  does  not  appear  that  the  ancients  were  by  any 
means  ignorant  of  the  applicability  of  pipes  for  con- 
ducting water,  and  it  is  difficult  to  conceive  how  it 
could  have  been  distributed  to  the  baths  and  foun- 
tains of  Rome  without  their  aid.  Their  system  ap- 
pears to  have  been  the  result  of  calculation  and 
design,  and  it  is  notable  that  in  the  greatest  works  of 
the  kind  of  modem  times,  such  as  the  aqueduct  of 
Marseilles  and  the  Croton  Aqueduct,  their  leading 
nrinciples  have  been  carried  out,  and  t)ie  use  of  pipes 
lollowmg  the  elevations  and  depressions  of  the  hills 
and  valleys  has  been  in  a  great  degree  dispensed 
with,  where  the  water  had  to  be  conveyed  along  a 
course  of  considerable  length,  —  though,  in  general, 
without  resorting  to  such  an  extensive,  or  indeed  ex- 
cessive, use  of  long  and  expensive  arcades  as  the 
Romans  employed. 

The  advantages  of  this  system  seem  to  be,  more 
perfect  freedom  froin  deposition  of  mineral  substan- 
ces in  solution  in  the  channel  way,  owing  to  the 
more  uniform  and  regular  flow  of  water  which  can 
be  obtained  ;  facility  of  constructing  traps  or  wells 
along  the  route  for  the  disposition  of  sediment ; 
greater  security  from  intermption  and  opportunity 
for  repair  in  case  of  accident. 

The  aqueduct  of  Nismes,  or  the  Pont  du  Gard,  in 
France,  is  one  of  the  earliest  constmcted  by  the 
Romans  out  of  Italy,  and  is  supposed  to  have 
been  built  in  the  time  of  Augustus  ;  it  was  intended 
for  carrying  the  waters  of  the  Eure  and  Airan  from 
the  vicinity  of  their  sources  to  the  town  of  Nismes. 

The  commencement  of  this  aqueduct  was  con- 
ducted along  the  sinuosities  of  a  hill,  entirely  un- 
der ground,  and  was  often  cut  in  the  rock  itself. 
SmaU  bridges  were  thrown  over  the  streams  crossed 
in  its  course,  and  it  passed  over  a  series  of  arches, 
resembling  thase  of  the  upper  part  of  the  great 
arcade  of  the  Pont  du  Gard,  followed  the  crest  of  a 
hill  to  avoid  unnecessary  hight  in  the  piers,  and 
after  a  course  of  about  9-J  miles  arrived  at  the  Pont 
du  Gard,  by  which  it  is  carried  over  the  river 
Gardon  at  a  hight  of  more  than  157  feet  above  the 
surface  of  the  stream  below. 

This  magnificent  stracture  consists  of  three  tiers 
of  arehes,  on  the  upper  one  of  which  the  water-way 
is  carried.  •  The  length  at  the  level  of  the  string 
course  surmounting  the  lower  tier  of  arches  is  662 
feet,  and  at  the  string  course  of  the  second  tier  885 
feet. 

The  lai^  arch  through  which  the  river  passes  is 
80  feet  5  inches  in  span,  the  three  on  the  nght  side 
of  this  are  63  feet,  and  the  smaller  ones  51  feet 
Those  of  the  upper  story  are  all  equal,  15  feet  9 
inches  in  span  ;  their  piers  vary  in  width,  and  do 
not  come  immediately  over  those  below. 

The  whole  is  constmcted  of  freestone,  from  the 
foundation  to  the  third  course  above  the  cymatiom 
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covering  the  piers  of  the  upper  story, 
employed   for    filling 
haunches  of  the  first 
The  stones  were  la 
raised  by  the  lewis, 


Rubble  was.  I  was  taken  to  prevent  leakage 


Fiff.  2«9. 


Section  of  Upper  Story, 
enlaxged  tcale. 

which  are  still  to  be 
gravity  of  each  stone 

The  dimensions  o 
width  and  4  feet  9  : 
out  its  entire  length 
is  estimated  to  have 
14  to  18  millions  of  ^ 

Ine  entire  length  %jl  buc  cuj^ucuui^b  is  uvcr  ^u^ 
miles. 

The  aqueduct  of  Segovia,  Spain,  was  built  by  the 
Emperor  Tnyan,  and  is  of  squared  stone  laid  with- 
out mortar,  and  in  crossing  a  valley  has  a  length 


lilIC      UU^ailAC      CMjIIUJlbb^U 


Aqueduct  of  Segovia. 

of  more  than  2,200  feet ;  it  is  in  many  places  nearly 
100  feet  high.  An  elevation  and  plan  are  shown  in 
Fig.  288. 

The  waters  of  the  Aquae  Julia,  Tepula,  and  Martia  at 
Rome  were  conduct-  ' 
ed  through  a  triple 
aqueduct,  forming 
three  channels,  one 
above  the  other,  as 
shown  in  the  accom- 
panying section  ; 
the  Aqua  Martia  be- 
ing the  lowest,  the 
Aqua  Tepula  the 
middle,  and  the 
Aqua  Julia  the  uj>- 
permost  of  the  se- 
ries. Particular  care 


sons  in  charge  to  examine  the  ^'*Te^''^!^lirH^'^ 
condition  of  the  conduits  at        ^^* 
any  time,  and  they  were  required. to  report  con- 
stantly upon  their  efficiency  and  state  of  repair. 

The  accompanying  illustra- 
tion (Fig.  290)  shows  one  plan 
adopted  by  the  Romans  for  con- 
veying water  across  a  valley. 
.  The  aqueduct  was  erected  by  the 
Emperor  Claudius  for  supplying 
a  palace  in  an  elevated  part  or 
the  ancient  city  of  Lugdunum 
(Lyons). 

The  channel -way,  both  in  as- 
cending and  descending,  was 
formed  by  masonry,  tiles,  and  ce- 
ment. 

The  work  was  performed  as 
follows  :  A  level  pavement  was 
formed  of  brick,  on  which  was 
raised  a  frame  or  caisson  of  tim- 
ber planks ;  against  the  sides 
of  this,  squared  stones  were  laid  in  regular  courses, 
and  their  interior  filled  in  with  rubble  in  a  dry 
state,  after  which  a  grouting  of  liquid  cement  was 
poured   in  to  consolidate   the   whole.     Lime,    fine 
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gravel  or  sand,  mixed  with  a  due  proportion  of  wa- 
ter, formed  this  grouting.  After  a  sufficient  time 
had  allowed  this  work  to  consolidate,  the  caisson 
was  mounted  upon  another  course  or  layer  of  tiles, 
and  similar  operations  to  the  tirst  took  place. 

The  bricks  or  tiles  used  were  21  inches  in  length, 
12  inches  in  breadth,  and  1 J  inches  in  thickness. 

The  whole  of  the  water  conduit  was  coated  with 
cement ;  at  bottom,  its  thickness  was  6  inches,  at 
the  sides  1 J  inches.  24  inches  from  the  bottom  of 
the  canal,  at  distances  of  80  inches  apart,  the  side 
walls  were  stayed  with  iron  ties  to  prevent  their 
being  burst  apart. 

In  the  ancient  amieduct  at  Lvons,  called  at  one 
part  of  its  course  Mont  de  Pile  and  at  another 
Ohamponest,  the  water  was  brought  over  eight 
bridges  in  the  usual  manner,  and  a  siphon  was  em- 
ployed for  conducting  it  across  the  ninth.  At  this 
point  the  valley  is  very  deep,  and  a  reservoir  was 
built  from  which  leaden  pipes  of  large  size,  bedded  in 
the  sides  of  the  valley,  conducted  the  water  to  others 
laid  over  a  bridge  in  an  inverted  curve  ;  they  were 
then  conducted  up  the  opposite  side  of  the  valley, 
and  delivered  the  water  into  a  reservoir  at  the  same 
level  as  the  first ;  from  this  they  were  conducted 
imder  ground  for  some  distance,  and  thence,  by  a 
bridge  of  ninety  arcades,  to  another  reservoir,  from 
whence  it  again  descended  into  a  valley  through 
similar  leaden  pipes,  crossing  a  river  and  ascending 
the  other  side  of  the  vallev,  where  it  was  delivered 
into  a  reservoir  on  that  side.  From  thence  it  was 
carried,  partially  over  arcades,  to  a  reservoir  at  one 
of  the  gates  of  the  city,  from  whence  again  it  was 
carried  by  leaden  pipes,  first  falling  and  again  rising 
until  it  reached  the  i-eservoir  from  whence  it  was 
finally  distributed ;  in  this  last  instance  the  pipes 
were  bedded  in  solid  masonry,  and  not  carried  over  a 
bridge. 

The  total  length  of  this  remarkable  piece  of  work, 
which  certainly  seems  to  combine  all  the  known 
appliances  for  conveying  water  without  the  aid  of 
extraneous  mechanical  power,  was  13  leagues,  and 
the  fall  in  this  distance  upward  of  850  feet. 

Wherever  the  aqueduct  was  tunneled  in  the  sides 
of  the  hills  at  a  considerable  distance  below  the  sur- 
face, wells  were  sunk  to  carry  off  any  vapors  which 
might  accumulate,  and  to  admit  light  and  air  ;  they 
al^  afforded  access  to  any  workmen  who  might  be 
employed  to  make  repairs  or  remove  accumulated 
deposits  in  the  channel :  these  wece  at  distances  of 
120  feet  apart.  Perpendicular  vent-pipes  were  also 
erected  for  ventilating  purposes.  Tne  walls,  where 
the  work  was  above  ground,  were  two  feet  thick, 
and  the  arches  were  i-oofed  over  to  shed  rain.  The 
entrance  to  the  aqueduct  was  through  iron  deors 
opening  internally.  The  undei*ground  portions 
were  accessible  by  traps  or  man-hole-s  brought  up  a 
little  above  the  level  of  the  soil. 

Pipes,  in  cases  where  a  very  large  supply  of  water 
is  not  required,  undoubtedly  posse^ss  many  advan- 
tages, andTin  very  broken  and  rugged  localities  their 
use,  either  alone,  or  in  combination  with  masonry  or 
brick  conduits,  along  the  more  level  portions  of  the 
route,  is  indispensable  without  increasing  the  cost  of 
the  work  beyond  all  reasonable  bounds  ;  but  it 
would  seem,  both  from  the  experience  of  antiquity 
and  tliat  of  more  recent  times,  that  the  stone  or 
brick  channel  into  which  the  air  is  freely  admitted, 
and  to  which  ready  access  can  be  had  for  the  re- 
moval of  impurities  or  obstructions,  is,  when  the 
engineering  difficulties  and  cost  are  not  too  great, 
preferable  to  any  other. 

This  of  course  does  not  apply  to  the  delivery  and 
discharge  of  water  within  cities  or  towns ;  there. 


metallic  pipes  of  some  kind  are  indispensable.  Cast- 
iron  is  tne  material  now  universally  employed  for 
the  lai^r  pipes  of  this  description,  called  mains,  and 
is  perfectly  unobjectionable  in  eveiT  respect.   Leaden 

Sipe  is  very  extensively  employed  in  Duildings  for 
ischai^g  water,  but,  unless  kept  constantly  filled, 
is  a  very  dan^rous  material,  its  salts  being  active 
poisons.     Lining  uith  tin  is  a  good  expedient. 

In  China  and  Japan,  bamboos  of  large  suse  are 
used  to  convey  water  from  one  point  to  another. 

The  ancient  works  executed  under  the  later  Ro- 
man emperors  for  the  supply  of  Constantinople 
combine  the  system  of  aqueducts  with  the  collection 
and  impouudms  of  water  by  means  of  reservoirs 
at  the  head  of  the  aqueduct.  The  impounding  res- 
ervoirs are  situate  about  twelve  miles  from  the  city, 
on  the  slopes- of  a  range  of  mountains  which  form 
the  southeastern  prolongation  of  the  ereat  Balkan 
chain.  There  are  four  principal  .aqueducts,  one  of 
which  conveys  the  water  collected  by  three  separate 
reservoirs,  while  the  other  three  are  each  supplied 
by  its  own  reservoir.  Besides  these  extensive  pro- 
visions for  securing  water  to  the  city,  there  are  im- 
mense subterranean  reservoirs,  one  of  which,  now 
in  ruins,  is  called  the  Palace  of  the  Thousand  and 
One  PUlars,  not  because  this  is  the  precise  number 
supporting  the  roof,  but  because  the  number  is  a 
favorite  one  in  the  expression  of  Eastern  hyperbole. 
This  great  subterranean  cistern  is  supposed  to  have 
been  made  by  the  Greek  emperors  for  the  purpose 
of  storing  water  in  case  of  a  siege  or  similar  calam- 
ity.  Altnough  originally  of  great  depth,  it  is  now 
nearly  filled  up  with  earth  and  rubbish.  It  is  sin- 
Ijular  that  in  tne  nineteenth  century  we  are  reviving 
in  our  covered  reservoirs,  for  the  purpose  of  storing 
water  in  a  state  of  freshness  and  unuorm  tempera- 
ture, the  practices  which  were  followed  nearly  two 
thousand  years  ago  by  nations  whose  modem  de- 
scendants ai'e  half  barbarians. 

Works  of  great  magnitude  were,  according  to 
Garcilasso,  constructed  for  purposes  of  irrigation 
by  the  ancient  Peruvians,  previous  to  the  conquest 
of  that  country  by  the  Spaniards. 

On  the  western  slopes  of  the  Andes  there  are  im- 
mense districts  where  rain  never  falls,  and  which  are 
incapable  of  cultivation  unless  watered  by  artificial 
means.  The  Incas  cansed  numerous  aqueducts  to  be 
constructed  for  this  purpose  :  one  of  these  is  stated 
to  have  been  120  leagues  in  length  and  12  feet  in 
depth,  and  to  have  watered  a  tract  of  country  more 
than  50  miles  in  width  ;  another  was  150  leagues  in 
length,  traversing  an  extensive  province  and  irrigat- 
ing a  vast  and  and  district  of  pasture  land. 

The  Peruvians  do  not  appear  to  have  advanced  so 
far  as  the  use  of  bridges  or  pipes  for  conducting  the 
water  across  valleys,  —  their  purpose  probably  did 
not  require  it,  — but  gave  their  aqueducts  a  sinuous 
course,  winding  around  the  mountains  and  through 
the  valleys  with  sufficient  inclination  to  allow  the 
water  to  flow  freely. 

The  French  aqueducts  referred  to  in  this  article 
are  most  of  them  of  great  magnitude  and  impor- 
tance, and  the  most  stupendous  work  of  the  kind 
ever  projected  originated  in  France.  This  was  the 
aqueduct  of  Maintenon,  which  was  undertaken  in 
1684  and  abandoned  in  1688,  during  which  timie 
22,000,000  francs  are  said  to  have  been  expended 
upon  it.  It  was  intended  to  have  brought  water 
from  the  river  Eure  at  Pongoin  to  Versaifies,  a  dis- 
tance of  nearly  25  leagues,  and  embraced  an  arcade 
of  masonry  16,090  feet  in  length,  comprising  three 
tiers  of  arches  at  its  hi/^hest  part. 

The  illustrations  (Fig.  291)  exhibit  to  the 
scale,  — 
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1.  The  FtnU  du  Oard  Aqueduct,  at  Nismes,  un- 
der which  the  river  Gardon  passes,  and  which  was 
built  by  the  Romans,  possibly  by  Agrippa.     The 


conduit  is  157  feet  above  the  river,  and  is  referred 
to  above. 

2.   The  Solani  Aqueduct  of  the  Ganges  Canal ; 


Fig.  291. 


the  area  of  the  water-way  is  eighty  times  that  of  the 
Pont  du  Gard. 

8.  The  Boqurfavov/r  Aqueduct,  erected  by  Mon- 
tricher  to  conduct  the  waters  of  the  Durance  to 
Marseilles. 

The  aqueduct  for  supplying  Marseilles  with  water 
extends  from  the  river  Durance,  a  distance  of  51 
miles,  though  a  very  hilly  country.  It  comprises 
78  tunnels,  having  a  united  length  of  over  12  miles. 
It  has  500  bridges,  embankments,  and  other  artificial 
constnictions.  Marseilles  lies  in  a  large  arid  basin, 
and  the  aqueduct  approaches  the  edge  of  the  basin 
at  a  hight  of  500  teet  above  the  level  of  the  sea. 
Branches  extend  to  and  irrigate  the  area  of  25,000 
acres,  and  also  supply  the  city  of  Marseilles.  The 
bridge  over  the  valley  of  the  Arc  is  1,287  feet  in 
length  and  262  feet  in  hight.  It  is  formed  of  a 
triple  tier  of  arches  ;  is  said  to  have  occupied  from 
700  to  800  workmen  for  seven  years,  and  to  have 
cost  $  750,000.  The  water  channel  is  30  feet  wide 
at  top,  10  at  bottom,  and  is  7  feet  deep.  It  deliv- 
ers 11  tons  of  water  per  second. 

The  aqueduct  of  Cnirk  on  the  Ellesmere  and  Ches- 
ter Canal  in  England  is  noted  as  being  the  first  in 
which  iron  was  employed,  the  bottom  of  the  water 
channel  being  of  cast-iron  and  the  walls  of  masonry  ; 
that  of  Pont-y-Cysyllte,  on  the  same  canal,  has  the 
entire  channel  made  of  cast-iron  arches  or  ribs  rest- 
ing on  pillars  of  stone. 

It  carries  the  waters  of  the  canal  across  the  valley 
of  the  Dee.  It  is  upwards  of  one  thousand  feet  in 
length,. consisting  of  nineteen  arches  of  equal  span, 
but  varying  in  their  hight  above  the  ground.  The 
three  shown  in  elevation  in  Fig.  292  are  the  high- 
est, being  those  which  cross  the  river  Dee  itself; 
the  surface  of  the  canal  is  one  hundred  and  twenty- 
seven  feet  above  the  usual  level  of  the  water  in  the 
river.  The  aqueduct  itself  is  a  cast-iron  trough 
formed  of  plates  with  flanges  securely  bolted  to- 


gether. '  This  trough  is  supported  upon  cast-iron 
arches,  each  composed  of  four  ribs,  supported  upon 
piers  of  masonry.  The  towing-path  overhancs  the 
water,  being  supported  at  intervals  on  timber  pillars. 
Watt's  submeiged  aqueduct  across  the  bed  of  the 
Clyde  was  an  articulate  pipe  whose  joints  rendered 
it  flexible,  so  as  to  acconmioclate  itself  to  the  shape  of 
the  river-bed.     It  is  stated  to  have  been  a  success. 


Fig.  292. 


Pont-y-Cysyllte  Aqueduct. 

The  Croton  Aqueduct  was  commenced  in  1837 
and  completed  in  1842,  costing  $8,575,000. 

Its  length  is  404  miles,  33  miles  of  which  dis- 
tance it  is  built  of  stone,  brick,  and  cement,  arched 
above  and  below.  It  has  a  capacity  for  discharging 
60,000,000  of  gallons  pr  day.  It  is  carried  over 
the  Harlem  River  by  pipes  laid  upon  a  brid^  con- 
sisting of  fifteen  arches,  eight  of  80  feet  and  seven 
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of  50  feet  span,  lising  to  114  feet  above  low-water 
mark. 

At  the  spot  where  the  Croton  dam  is  constructed, 
the  surface-water  of  the  creek  was  about  38  feet 
lower  than  tlie  elevation  required  as  a  head  for  the 
delivery  of  the  water  into  tlie  city  of  New  York  at  a 
sufficient  hight.  By  going  farther  up  sti-eam  a 
dam  of  less  hight  would  have  been  sufficient,  but 
the  supply  of  water  would  of  course  have  been 
smaller.  The  medium  flow  of  water  at  the  dam  is 
about  50,000,000  gallons  daily,  and  the  minimum 
in  very  dry  seasons  about  27,000,000  gallons. 

The  water  is  set  back  upon  the  course  of  the 
creek  by  the  dam,  about  six  miles,  forming  the  res- 
ervoir, which  has  an  area  of  about  400  acres,  now 
called  Croton  Lake.  The  available  capacity  of  this 
reservoir  down  to  the  point  where  the  water  would 
cease  to  flow  into  the  aqueduct  is  estimated  at 
600,000,000  gallons,  in  addition  to  which  the  re- 
ceiving reservoir  in  the  city  is  capable  of  containing 
150,000,000  more  when  full,  which  together  aflbrda 
reserve  supply  of  750,000,000  gallons  in  seasons 
of  extreme  drought.  In  case  of  necessity  other 
streams  might  be  turned  into  the  Croton  River  at  or 
above  the  reservoir,  or  into  the  aqueduct. 

From  the  dam  at  the  lower  end  of  Croton  I^^ke  to 
the  receiving  reservoir  there  is  no  essential  change 
made  in  the  form  of  the  channel-way,  except  that,  in 
crossing  the  Harlem  River  and  a  valley  on  Manhattan 
Island,  iron  pipes  are  used  instead  of  masonry  ;  at 

these  places  the 
Fig.  293.  pipes  fall  and 

rise  again  so 
that  they  are  al- 
ways full.  The 
channel-way  of 
masonry  is  nev- 
er entirely 
filled,  so  as  to 
cause  a  pres- 
*sure  on  its  in- 
terior surface. 
To  avoid  this, 
six  waste  weirs 
wereconstruct- 
Earth  Excavation.  ed  at  suitable 

places  to  allow 
the  water  to  flow  off"  upon  attaining  a  certain  level. 
Fig.  293  is  a  section  showing  the  kind  of  masonrv 

used  in  earth 
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excavations. 

^     The   foun- 

f  dation  is  of 
concrete,  the 

'^  side  walls  of 
stone,    the 

.  bottom  and 
sides  of  the 
interior  faced 
with  brick, 
and  the  to]) 

.  covered  with 
an  arch  of 
brick. 

After  the 
mason  r}'  was 
finished  the 
excavation 
was  filled  U]) 
around  it  and 
over  the  top 
of  the  cover- 
ingarch,  gen- 
ei-Jlly  to  the 


depth  of  three  or  four  feet,  and  in  deep  excavations 
up  to  the  natural  surface. 

Fig.  294  shows  a  section  in  open  cuttings  in  rock. 
The  rock  was  excavated  to  the  requisite  depth  and 
width,  and  the  bottom  filled  in  witn  concrete  to  the 
proper  hight  and  form  for  receiving  an  invert<;d  arch 
of  brick  ;  the  side  walls  were  of  brick  bonded  with 
an  outer  casing  of  stone,  built  up  closely  against  the 
sides  of  the  rock.  On  the  exterior  of  the  roofing 
arch,  and  filling  the  space  between  it  and  the  rock, 
spandrels  of  stone  were  built. 

When  finished,  the  space  above  the  masonry  was 
filled  in  with  earth. 

Fig.  295  is  a  section  in  tunnel  cuttings  in  solid 
rock.   In  hard, 

sound  rock  the  Fig.  295. 

natural  rock 
often  served  as 
a  roof,  but 
when  soft,  a 
brick  arch  was 
built  over  the 
channel  walls 
and  the  space 
between  its  up- 
per surface  and 
the  rock  tilled 
in  with  well- 
rammed  earth. 
In  some  cases 
where  the  rock 
was  originally 
hard,  it  was 
found  to  be- 
come soft  and  insecure  upon  exposure  to  the  air,  ren- 
dering it  necessary  to  arch  over  the  channel-way  to 
support  the  natural  roof. 

Fig.  296  is  a  section  in  earth  tunnel  cuttings.  In 
dry  and  compact  earth  the  excavation  for  the  bottom 
and     sides    was 

made  of  just  suf-  Fig-  296. 

ficient  size  to  re- 
ceive the  mason- 
ry  built    closely 
against    it ;    the 
top     was     made 
high   enough   to 
give     room     for 
turning  the  roof-   . 
ing     arch,     and  v 
when      complete  } 
the  s])ace  above  it   ^ 
was    filled    with 
earth     closely 
rammed.    In  wet 
earth  the  excava- 
tion    was    made 
larger  and  the  top 
and    sides    sup- 
]X)rted  by   i)rops 
of  timber  and  plank  until  the  masonr}'  was  com- 
pleted ;  the  vacant  space  around  it  was  then  com- 
pactly  fille<l   with  earth.     In  crossing  valleys,  the 
aqueduct   was  supported  on   a  foundation  wall  of 
stone,  laid  dry,  and  sloping  embankments  of  earth 
were  thrown  up  on  each  side  of  it. 

At  intervals  of  a  mile  apart,  ventilating  ahafts  of 
stone  were  erected  over  the  aqueduct,  rising  about 
14  feet  above  the  surface  of  the  ground  ;  every 
third  shaft  was  provided  with  a  door  to  aflbrd  en- 
trance to  the  interior  of  the  aqueduct  for  the  pur- 
l)ose  of  inspection  or  repairs.  Openings  two  feet 
square  were  also  ma«le  in  the  top  of  the  roofing  arch 
every  quarter  of  a  inile  ;  each  of  these  was  covered 
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by  a  flag-stone,  and  its  position  indicated  by  a  small 
monument  projecting  above  the  surface  ;  these  are 
for  the  purpose  of  obtaining  entrance  or  increasing 
the  ventilation  if  necessary.  Where  the  line  of  the 
work  was  intersected  by  streams,  culverts  were  built 
to  allow  the  water  to  pass  under  without  injury  to 
the  aqueduct. 

In  connection  with  the  reservoir  at  the  dam  is  a 
tunnel  and  gate-chamber.  The  gate-chamber  is  not 
directly  connected  to  the  dam  itself,  but  is  at  a  dis- 
tance of  upwards  of  200  feet.  The  water  is  con- 
ducted from  the  reservoir  to  the  gate-chamber  by 
means  of  the  tunnel  T,  which  is  cut  through  the 
solid  rock  of  the  hill,  having  its  entrance  above  the 
dam,  its  center  being  about  12  feet  below  the  sur- 
face of  the  water,  so  that  the  entrance  of  floating 
liodies  is  prevented.  In  winter,  when  the  reservoir 
is  frozen  over,  there  is  no  obstruction  to  the  flow  of 


water  into  the  aqueduct,  and  in  summer  the  water 
is  drawn  from  a  level  where  it  is  cooler  and  pui*er 
than  at  the  surface. 

The  gate-chamber  has  two  sets  of  gates,  the  one 
being  called  regulating  gates,  R,  and  the  other  guard- 
gates,  G,  G.  The  regulating  gates  are  made  of  gun- 
metal,  and  work  in  frames  of  the  same  material,  fitted 
to  stone  jambs  and  lintels  ;  the  guard-gates  are  of 
cast-iron,  working  in  cast-iron  frames,  also  attached 
to  stone  jambs  and  lintels. 

The  gates  are  managed  by  means  of  wrought-iron 
rods,  having  a  screw  on  their  upper  part  working 
in  a  brass  nut  set  in  a  cast-iron  socket-cap. 

The  accompanying  view  (Fig.  297)  exhibits  a  sec- 
tion of  the  hill  through  which  the  tunnel  is  cut, 
showing  its  entrance  into  the  reservoir,  the  gate- 
house and  gates,  and  the  point  of  discharge  into  the 
channel- way  of  the  aqueduct. 
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In  the  center  of  the  dam  and  on  its  ridge  is  a  ^te- 
house  over  a  culvert  passing  through  the  aam.  This 
culvert  is  80  feet  below  the  surface  of  the  water 
when  the  reservoir  is  full,  and  has  gates  opened  by 
rods  rising  up  into  the  gate-house^  When  the  river 
is  low,  the  water  which  is  not  carried  off"  by  the 
aqueduct  may  be  allowed  to  pass  through  this 
culvert,  preventing  any  from  passing  over  the 
dam. 

The  bottom  of  the  water-way  of  the  aqueduct  at 
the  gate-chamber  is  11.4  feet  below  the  surface  of  the 
reservoir,  and  154.77  feet  above  the  level  of  mean 
tide  at  New  York  City. 

The  aqueduct  is  divided  into  different  planes  of 
descent  from  the  gate-chamber  at  the  dam  to  that  of 
the  receiving  reservoir  on  Manhattan  Island,  and  is 
as  follows  :  — 


Length. 


Descent 


Flnt  plane  of  aqoedact 
Second  plane  of  aqueduct 
Length  of  pipes  acroM  the  Har- 
lem Rirer 
DUEerence  of  level  between  the 

endB  of  the  pipc«    . 
Third  plane  of  aqueduct 
Length  of  pipes  acroes  the  Bfan- 

hattan  Valley 
Difference  of  level  between  the 

endB  of  the  pipes    . 
Fourth  plane  of  aqueduct 


Feet. 
26,099.72 
148421.26 

Miles. 
4.948 
28.068 

Feel. 
2.94 
80.69 

1,877.88 

0.261 

10,788.14 

2.088 

2.29 
2.26 

4^06.09 

0.777 

. 

10,680.89 

2.028 

3M 
1.60 

I  201,117.42    88.090  I     48.68 


The  hight  of  the  interior  of  the  aqueduct  is  8 
feet  6i  inches,  and  the  greatest  width  7  feet  6  inches  ; 
the  interior  having  a  sectional  area  of  53.34  square 
feet.  On  the  first  plane  the  aqueduct  is  laiger,  be- 
ing 2.05  feet  higher  at  the  gate-chamber,  2.31  feet 
higher  at  2,244  feet  from  the  chamber,  and  diminish- 
ing to  the  head  of  the  second  plane,  where  it  is  of  the 
dimensions  above  stated. 


The  curves  used  in  changing  the  course  of  the 
aqueduct  are  generally  of  500  feet  radius  ;  in  some 
cases  a  radius  of  1,000  feet  or  even  more  was  em- 
ployed. 

The  receiving  reservpir  is  located  between  Sixth 
and  Seventh  Avenues  and  Seveuty-ninth  and  Eighty- 
sixth  Streets  in  the  upper  part  of  the  city  of  New 
York.  It  is  1,826  feet  long  and  836  feet  wide  at  the 
top  of  the  external  walls  of  the  embankment,  having 
a  total  area  of  37  acres,  the  area  of  the  water-surface 
being  31  acres.  The  reservoir  is  divided  into  two 
divisions  by  means  of  an  embankment,  either  of 
which  may  be  used  independently  while  the  water 
is  drawn  off  from  the  other,  in  case  of  repairs, 
etc. 

The  greatest  depth  of  water  in  the  north  division 
is  20  feet,  in  the  south,  80  feet,  and  the  total  capa- 
city of  the  whole  160,000,000  gallons.  The  ac^ue- 
duct  enters  a  gate-chamber  in  the  south  division, 
where  there  are  regulating  gates  for  discharging 
the  water  into  either  division  by  a  continuation  of 
the  aqueduct  within  the  reservoir.  The  two  divis- 
ions are  connected  by  a  cast-iron  pipe  for  equal- 
izing the  level  of  water  in  each.  There  is  also  a 
waste  weir  for  the  escape  of  surplus  water  into  a 
sewer. 

The  embankment  is  of  earth,  protected  on  the 
outside  by  a  stone  wall  four  feet  thick,  the  face 
of  which  is  laid  in  mortar ;  the  Inside  slope  has 
a  stone  facing,  15  inches  thick,  laid  without  mor- 
tar. 

From  the  receiving  resei-voir  the  water  is  carried 
by  iron  pipes  to  the  distributing  reservoir,  a  dis- 
tance of  2.17  miles,  with  a  fall  of  four  feet.  The  dis- 
tributing reservoir  is  436  feet  square  at  the  base  and 
425  feet  square  at  the  comers,  having  an  area  of 
rather  more  than  four  acres,  and  a  capacity  of 
20,000,000  gallons. 

The  outside  walls  have  openings,  so  that  by  enter- 
ing a  door  one  may  walk  entirely  round  the  reser- 
voir within  the  walls,  giving  a  greater  breadth  with 
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a  given  amount  of  material,  and  affording  an  oppor- 
tunity of  examining  the  work  for  the  purpose  of 
obviating  leakage,  and  also  preventing  water  from 
finding  its  way  to  the  exterior  and  causing  iiyuiy  to 
the  wall  by  freezing.  This  open  space  rises  to  with- 
in about  eight  feet  of  the  water-line.  Inside  of  the 
wall  is  an  embankment  of  puddled  earth  faced  with 
hydraulic  masoniy  15  inches  thick. 

From  the  distributing  reservoir  the  water  is  dis- 
tributed over  the  city  oy  means  of  cast-iron  pipes 
of  from  36  to  4  inches  diameter. 

The  total  cost  of  the  work  was  $  8,576,000,  includ- 
ing the  purchase  of  land,  etc.,  being  within  five 
per  cent  of  the  engineer's  estimate.  In  this  the 
cost  of  the  distributing  pipes  within  the  city  is  not 
included. 

The  Washington  Aqueduct  was  built  at  the  ex- 
pense of  the  United  States  government,  for  the 
purpose  of  supplying  the  cities  of  Washington  and 
Georgetown  with  water,  and  is  distinguished  by 
some  bold  features  of  engineering.  The  most  re- 
markable of  these  is  the  bridge  over  Cabin  John 
Creek,  ne^r  the  upper  termination  of  the  work,  the 
widest  spanned  stone  arch  at  the  time  of  its  con- 
struction ;  it  has  a  span  of  220  feet  and  a  rise  of  57 
feet  8  inches. 

The  bridge  over  Rock  Creek  is  also  a  peculiar  and 
noteworthy  application  of  the  results  of  modem 
science  and  mechanical  skill.  The  water  is  carried 
across  this  stream  (which  divides  the  cities  of  Wash- 
ington and  Georgetown)  by  means  of  two  arches  of 
cast-iron  pipes  of  3  feet  6  inches  interior  diame- 
ter, formed  of  sections  with  fianges  firmly  screwed 
to  each  other  and  braced ;  upon  these  are  laid  a 
bridge  over  which  the  street  cars  pass,  and  which 
serves  as  a  public  avenue  of  communication  between 
the  two  cities.  The  span  is  200  feet,  and  the  rise 
20  feet. 

The  aqueduct  whiph  supplies  Madrid  with  water, 
and  has  a  large  surplus  for  irrigation,  is  fed  from 
the  river  Lozoya,  where  it  emerges  from  the  Guarda- 
rama  Mountains.  This  work  was  constructed  under 
the  superintendence  of  Don  Lucio  del  ValU,  be- 
tween 1851  and  1858,  and  is  47  miles  in  length.  The 
river  gorge  is  crossed  by  a  cut-stone  dam,  98  feet 
in  hi^t,  its  wings  abutting  upon  the  solid  rock  of 
the  hillsides.  The  artificial  lake  thus  formed  con- 
tains 100,000,000  cubic  feet  of  water.  The  cost  of 
the  whole  work  was  57,897,368  francs. 

The  **  canal,"  as  it  is  termed,  has  seven  miles  of 
subterranean  galleries,  4,600  feet  of  aqueducts,  and 
8,600  feet  of  inverted  siphons  at  the  crossings  of 
three  valleys.  The  siphon  of  Bedonal  is  4,600  feet 
in  length.  The  transverse  section  of  the  water- 
way has  an  area  of  about  20  square  feet,  and  it  dis- 
charges 6,600,000  cubic  feet  of  water  per  day; 
one  fifth  is  required  for  town  service,  the  remain- 
der being  used  in  irrigating  a  tract  of  nearly  5,000 
acres. 

The  town  service  has  45  miles  of  brick  culverts 
about  six  feet  high,  and  60  miles  of  cast-iron  pipes. 
It  supplies  35  public  fountains,  and  has  3,000  plugs 
for  fire  and  irrigating  purposes. 

A  novel  expedient  for  tne  support  of  an  aqueduct 
across  a  densely  wooded  ravine  was  su^ested  by 
Mr.  MTaggart,  the  resident  engineer  for  the  Rideau 
Canal  in  Canada.  In  a  part  of  the  country  trav- 
ersed by  the  canal,  materials  for  forming  an  em- 
bankment, or  stone  for  building  the  piers  of  an 
aqueduct,  could  not  be  obtained  but  at  a  great  ex- 
pense. The  plan  consisted  of  cutting  across  the 
large  trees  in  the  line  of  the  works,  at  the  level  of 
the  bottom  of  the  canal,  so  as  to  render  them  fit  for 
supporting  a  platform  on  their  trunks,  and  on  this 


platform  the  trough  containing  the  water  of  the 
canal  was  intended  to  rest. 

Ax'a-besque  [ar'a-besk].  1.  (ArchiUcture.)  A 
species  of  ornament,  either  painted,  inlaid,  or  carved 
in  low  relief,  employed  for  decorating  flat  surfaces. 
It  usually  consists  of  convoluted  and  intertwined 
curves,  intended  to  represent  foliage,  tendrils,  and 
openwork  checker  patterns. 

In  a  degraded  form,  various  figures  of  animals, 
real  or  imaginary,  have  been  intrSiuced  in  the  at- 
tempt to  make  it  more  consonant  with  the  later  taste 
for  florid  pmament.  The  Koran  forbids  the  repre- 
sentation of  the  human  form,  but  some  have  even 
deviated  so  far  from  the  original  designs  of  the  Arabs 
as  to  blend  satyrs,  sirens,  and  mermaids  in  the  d^ 
sign.  This  Ls  on  a  par  with  the  taste  which  de- 
grades consoles  into  caryatides  and  pillars  into 
atlantes. 

2.  (Bookbinding. )  The  English  term  for  the  im- 
pressed ornamental  work  on  tne  sides  of  cloth  and 
leather-bound  books. 

It  is  produced  by  the  pressure  of  hot  plates  or 
rollers  having  the  pattern  engraved  on  them. 

Ar-bao^oio.  {Fabric.)  A  coarse  woolen  cloth 
made  in  Sardinia  jfrom  the  wool  of  an  inferior  breed 
of  sheep,  called  the  Nuoro. 

Ar'bal-eBt.  A  kind  of  cross-bow  used  formerly 
by  the  Italians,  and  introduced  into  England  in  the 
tlliirteenth  century.  The  arrows  shot  irom  it  were 
termed  quarrels. 

Ar^or.  (Machinery.)  a.  An  axle  or  spindle  of 
a  wheel  or  pinion.  The  term  is  specially  used  in 
horology. 

b.  A  mandrel  on  which  a  ring,  wheel,  or  collar  is 
turned  in  a  lathe. 

Ar-oade'.  A  vaulted  avenue.  A  covered  pas- 
sage. 

A  number  of  streets  in  London  and  Paris  are  thus 
vaulted  over,  and  are  well  known  to  many  of  our  citi- 
zens ;  the  Lowther  and  Burlington  Arcades  of  the 
former  city,  for  instance. 

As  one  mode  of  connecting  down-town  and  up- 
town of  New  York  City,  the  arcade  system  has  been 
proposed.  Even  of  this,  many  forms  have  been 
suggested.  One  is  to  form  a  sub-way,  a  main-way, 
and  an  elevated  railway. 

Ar-oade'  Rall^wav.  The  upper  roadway  to  be 
supported  by  iron  columns,  and  having  gas  and 


Fig.  298. 
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water  tubes ;  the  main-way  by  masonry,  through 
which  the  sewers  and  pneumatic  dispatch  pass. 
Access  to  be  had  to  the  various  levels  by  ramps 
and  staircases. 

Aro^on-tant.  An  arched  buttress  forming  a  lat- 
eral support  for  the  foot  or  haunch  of  another  arch. 

ArolL  The  antiquity  of  the  arch,  says  Wilkin- 
son, is  traced  to  the  time  of  Amunoph  I.,  who 
reigned  1540  B.  c.  He  also  thinks  it  probable  that 
the  chambers  of  the  brick  Pyramids  at  Memphis, 
erected  by  the  successor  of  the  son  of  Cheops,  would 
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prove  to  be  vaulted  over  with  arches,  which  would 
carry  back  the  antiouity  of  the  arch  to  2020  b.  c. 

In  one  of  the  Egyptian  ppamids  is  an  arch 
tamed  over  three  stones    which  formed    a  stone 

arched  ceiling 
Fig.  298.  to  the  sarcoph- 

agus chamber. 
Tne  two  outer 
stones  were  set 
edgeways  and 
inclined  in- 
ward, having 
the  other 
placed  upon 
them,  forming 
an  nrch. 

Over  these 
stones  was 
turned  a  brick 
arch,  the  ra- 
dius of  which 
was  6  feet  2 
inches,  and  the 
span  11  feet. 
It  consists  of 
four  courses,  and  is  3  feet  10  inches  thick.  The 
stones  beneath  were  4  feet  long,  and  15  inches  in 
breadth.  At  the  back  the  joints  were  packed  with 
chips,  and  the  whole  was  grouted  with  fluid  mortar. 
This  tomb  is  of  the  time  of  Amunoph  1.,  1540 
B.  c.  The  stone  arch  at  Saccara  is  of  the  time  of 
Psammeticus  II.,  600  B.  c.  The  arches  of  the  tombs 
of  Beni  Hassan  are  coeval  with  Osirtasen  II.  and  the 
Viceroy  Joseph. 

Arehes  are  found  in  Chinese  bridges  of  great  an- 
tiquity and  magnitude  ;  and  as  before  shown,  those 
of  Egypt  far  antedate  the  periods  of  Greece  or  Rome. 
Arehed  vaults  are  found  among  the  ruins  of  Nineveh. 
A  building  at  Mycen»,  in  Greece,  called  **  Treas- 
ury of  Atreus,*'  has  an  interior  pointed  dome  of  48 
feet  diameter,  and  of  about  the  same  hight,  the  sec- 
tion presenting  two  intersecting  arcs  of  about  70  feet 
radius.     The  difficulty  of   working  voussoirs  has 
been   evaded   by  mak- 
Ilg*  800.  ing  the  beds  horizontal 

/  throughout,  the  top  be- 
/'  ing  formed  of  a  flat  stone. 
The  soffit  of  each  course 
was  then  cut  to  the  re- 
quired angle  with  its  bed 
by  means  of  a  templet 
cut  to  the  radius  of  the 
vault  (Fig.  800). 

This  form  of  areh 
is  sometimes  known  as 
the  **  Egyptian,"  and 
of  course  is  an  arch 
merelyin  name,  the  con- 
structive principle  be- 
ilivft.  ing  entirely  different,  as 

the  stones  of  which  it 
is  c  mposed  are  only  subject  to  vertical  pressure. 

The  Greeks  did  not  allow  arches  to  appear  in 
their  visible  architecture,  but  used  them  for  covering 
drains  and  the  like,  as  in  the  temjple  of  the  Sun  at 
Athens  and  that  of  A^Uo  at  Didymos.  It  was, 
however,  contrary  to  their  architectural  principles  to 
admit  any  but  straight  lines  into  any  visible  part  of 
a  building,  except,  perhaps,  as  mere  ornamentation, 
tiius  sacrificing  in  many  instances  convenience  to 
secure  that  severe  simplicity  of  outline  by  which 
their  public  structures  were  characterized.  The 
Romans  made  very  free  use  of  them.  The  Cloaca 
Maxima,  or  Great  Sewer,  of  Rome,  is  the  oldest  known 


example  of  Roman  workmanship  ;  it  is  believed  to 
have  been  constructed  more  than  five  hundred  years 
before  the  Christian  era,  and  is  yet  in  a  perfect  state 
of  preservation,  still  continuing  to  i)erform  its  origi- 
nal functions.  That  people  also  used  arches  as  tri- 
umphal monuments  ;  the  arch  of  Titus  was  erected 
A.  D.  80  ;  that  of  Trwan,  A.  D.  114  ;  and  of  Con- 
stantine,  A.  D.  812.  The  Gothic  style,  which  origi- 
nated about  the  ninth  century,  and  soon  spread  over 
the  whole  of  Europe,  was  emphatically  the  style  of 
arches.  Its  special  characteristics  are  the  clus- 
tered pillar  ana  the  i)ointed  arch.  The  mediseval 
masons  treated  them  with  a  boldness  and  freedom 
unknown  to  the  builders  of  Ancient  Rome. 

Their  constructions  display  an  astonishing  amount 
of  practical  science,  and  clearly  show  that  their  taste 
was  equal  to  their  skill.  Long  before  the  properties 
of  the  catenary  had  been  developed  by  Hooke,  it  is 
more  than  probable  that  they  were  known  in  prac- 
tice to  the  old  Freemasons  who  built  Henry  Yll.'s 
chapel  and  other  structures  of  similar  and  previous 
date.  The  span  and  hight  of  some  of  the  principal 
vaulted  arched  structures  are  as  follows  :  — 


Bate. 


Tarqnin  I. 
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18th    M 


14th 
17th 


The  Cloeca  Bfaxlma 
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66 
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1:8. 

84 
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1 : 1.76 

41 

82 
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For  examples  of  arches  used  in  bridge  construc- 
tion, see  Bridge. 

The  term  "arch  "  in  its  widest  signification,  is  com- 
monly understood  to  mean  almost  anything  of  a 
curved  shape  employed  for  the  purpose  of  Wring 
weight  or  resisting  pressure,  but  in  its  more  restricted 
medianical  sense  may  be  defined  as  a  collection  of 
wedge-shaped  bodies  termed  voussoirs  or  arch-stones, 
of  which  the  first  and  last  at  each  extremi^  are 
sustained  by  a  su])port  or  abutment,  while  the  inter- 
mediate ones  are  held  in  position  by  their  mutual 
pressure  and  the  adhesion  of  the  mortar  or  cement 
interposed  between  them.  The  center  voussoir  a,  in 
the  highest  part, 

or  eroicn,  of  the  Kg.  801. 

arch,  is  called  the 
keystone.  The  in- 
ferior surface  of 
the  arch,  b  dfe  c, 
is  the  intradoSf  or 
soffii,  but  this  lat- 
ter term  is  some- 
tiroes  restricted 
to  that  part  of  the 
under  surface  in 
the  immediate  vicinity  of  the  keystone,  or  crown. 
bdfCe,  are  the^nJb  of  the  arch.  The  exterior  or 
top  surface  is  called  the  extrados,  or  back .  The  points, 
6  c,  where  the  intrados  meets  the  abutments,  are 
called  the  springings;  their  horizontal  distance  apart, 
the  span  ;  and  the  distance,  g  f^  from  the  center  of 
this  to  the  center  of  the  intrados,  the  rise  or  height 
of  the  arch. 

The  simplest,  as  it  is  the  earliest,  form  of  arch,  is 
that  of  a  segment  of  a  circle,  generally  less  than  a 
semicircum^rence,  such  as  is  found  in  the  works  of 
the  Romans.  The  Gothic  architects  about  the  tenth 
century  originated  the  pointed  arch,  formed  by  two 
arcs  of  circles  described  from  different  centers,  and 
meeting  at  the  crown.  Three  and  four  centered  arches 
were  introduced  into  the  later  Gothic  architecture. 
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Three' CerUered  Arch. 


Fig.  808. 


In  the  three-centered 
ai-ch  the  lower  p»irt  to 
the  bends  of  the  haunch- 
es was  fonned  by  tlie  cor- 
responding oppopite  arcs 
of  one  circle  Laving  its 
center  in  a  line  perpen- 
dicularly beneatn  the 
crown  01  the  arch,  the  up- 
per opposite  sides  to  the 
I  crown  being  described 
with  equal  lidii,  greater 
than  the  radius  of  the 
lower  part,  from  centers 
at  equal  distances  on  each 
side  of  the  perpendicular  passing  through  the  crown 
of  the  arch. 

The  four-centered  arch  was,  as  its  name  imports, 
described  from  four  centers, 
the  two  lower  centers  being 
perpendicularly  under  the 
two  upper  ones  ;  from  the 
latter  are  described  the  lower 
parts  of  the  arch  near  the 
risings,  and  from  the  former, 
with  greater  radii,  the  upper 
parts  to  the  crown  ;  of  this 
lorm  is  the  Tudor  arch,  bear- 
ing somewhat  of  a  resem- 
blance to  the  ellipse.  The 
elliptic  arch  is  employed 
laigely  in  bridge  building  and 
in  the  construction  of  vaults, 
drains,  etc. 

In  Fig.  304  are  shown  some  of  the  forms  of  arches 
employed  in  architecture. 

a.  The  Semicircular  arch,  de- 
scribing half  a  circle. 

b.  The  Segment  arch,  stnick 
from  a  point  below  the  spring- 
ings. 

t  c.  The  Elliptic  arch  is  not 
always  truly  elliptical,  but  is 
sometimes  formed  by  the  com- 
bination of  the  arcs  of  several 
circles. 

d.  The  suited  arch  rises  from 
points  below  its  center. 

e.  The  H&raeslwe  arch  is  pe- 
culiar to  the  Moorish  or  Arabic 
style  of  architecture. 

Various  styles  of  pointed  arch- 
es were  employed  by  the  Gothic 
architects,  as  show^n  in  Fig.  305. 

a.  The  Equilateral  arch  ;  so 
termed  because  the  two  spring- 
ing points  and  the  crown  of  the 
'intrados  form  an  equilateral 
triangle. 

h.  The  Lancet  arch  is  more 
pointed  than  the  equilateral 
arch ;  and 

c.  The  Drop  arch  less  so. 

d.  The  Segmental  Gothic  arch, 
h  composeii  of  two  segments  of 
circles  meeting  obtusely. 

c.  The  Ogee  arch  was  intro- 
duced at  a  later  period  of  Gothic 
architecture. 

/.  The  Tudor  style  prevailed 

during  the  close  of  this  most 

graceful  order,  and  was  so  named 

m>m  the  then  ruling  family  of 

Fbmu  of  Arches.       the  English  dynasty.       It  has 


Four-  Centered  Arch. 


Fig.  804. 


a  much  flattened  arch,  low  moldings,  and  a  pro- 
fusion of  panelings. 


Fig.  805. 


Fig.  806. 


Foiled  Arches. 

Foiled  arches.    Fig.    306, 
^.-:^2:::^.  are  SO  called  from  the  com- 

/<y\^f^^  partments,  imitating  the /oi/!9 

Mk    \    /  yiWv  of  a  leaf,   into   which  they 

U.L—^\l...^jj^/      are  divided  :  as, — 
/\  a,  ft,  c.   Trefoils, 

d.  Cinque/oil. 
Oothie  Arches.  e.  Polyfoil. 

The    latter    is  principally 
met  with  in  Saracenic  and  Romanesque  buildings. 

The  Flat  arch  (Fig.  307)  is  very  generally  em- 
ployed in  doorways,  fireplaces,  and  windows  of  build- 
ings ;  its  intrados  has  no 
curve,  though  the  vous-  Fig.  807. 

soirs  are  arranged  so  as 
to  radiate  to  a  center, 
and  are  laid  in  parallel 
courses ;  where  any  con- 
siderable pr«»8ure  is  to 
be  resistea,  it  is  usu- 
ally supported  by  hori- 
zontal bars  of  iron  or 
wood  laid  across  Uie 
opening  and  having  their 
ends    supported  in    the  Flat  Arch. 

wall  on  each  side. 

In  some  examples  of  old  date  the  voussoirs  are 
held  up  by  indented  joints  which  fit  into  each  other. 
In  tliis  form  of  arch  it  is  manifest  that  almost  the 
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Fireplace  of  Coningahwrgh  Castle. 

whole  pressure  is  vertical,  and  that  the  arch  is  sup- 1 
ported  principally  by  the  cohesion  of  the 
parts  ;  so  that  it  cannot  be  used  for  cov- 
ering any  but  narrow  openings.  As  at 
present  employed  in  brickwork,  its  princi- 
pal use  is  to  relieve  the  pressure  on  a 
oeam  or  lintel  below  it. 

Oblique,  generally  called  skew,  arches 
have  their  axes  oblique  to  their  faces,  and 
on  account  of  the  difficulty  of  their  con- 
struction are  seldom  employed,  unless  in 
railroad  bridges  where  the  direction  of  the 
line  of  the  road  renders  it  necessary  to 
cross  streams  obliquely  to  their  courses. 
In  sucli  cases  it  is  necessary  that  the  piers 
should  be  parallel  to  the  current  of  the 
stream,  in  order  to  offer  as  little  resistance 
as  possible  and  afford  a  free  passage  to  tho  water. 
A  bridge  arched  in  this  manner  is  said  to  have 
been  built  near  Florence  as  early  as  1530,  but  their 
general  introduction  dates  no  farther  back  than  the 
era  of  the  commencement  of  railroad  construction, 
about  or  a  little  previous  to  1830. 

The  ordinary  method  of  building  a  skew  arch  (Fig. 
390)  is  to  make  it  a  portion  of  a  hollow  cylinder, 
the  voussoirs  being  laid  in  parallel  spiral  courses,  and 
their  beds  worked  in  such  a  manner  that  in  any  sec- 

Fiff.  aoo. 


of  spirals  intersecting  at  right  angles 
the  coursing  joints,  or  those  which  di- 
vide the  stones  of  each  course,  so  that 
the  voussoirs  are  rectangular  on  the 
soffit,  except  those  quoins  or  voussoirs 
on  the  faces  of  the  arch  where  the  sec- 
tion exhibited  is  elliptical. 

In  Fig.  310,  instead  of  radiating  the 
bed-joints  from  the  center  of  the  cylin- 


[\^   der,  they  are  made  perpendicular  to  the 
~7  curve  of  the  soffit  on  the  oblique  sec- 


tion. 

Of  the  parts  of  an  arch,  — 

The  top  is  the  extrados,  or  hack. 

The  under-side  the  intrados^  or  soffit. 

The  line  from  which  it  commences  is 
the  springing  line. 

The  stones  of  the  arch  are  voussoirs. 

The  lower  one  on  each  side  is  a  spring' 
cr,  or  rein. 


The  middle  one  is  the  keystone,  and  the  course 
Fig.  810. 


Skew  Arch. 

tion  of  the  cylinder  perpendicular  to  its  axis  the 
lines  formed  by  their  intersection  with  the  plane  of 
section  shall  radiate  from  the  axis  of  the  cylinder. 
In  this  mode  of  construction  the  soffit  of  each  stone 
will  be  a  portion  of  a  cylindrical  surface,  and  the 
twist  of  the  beds  will  be  uniform  throughout  the 
whole  of  the  arch  ;  so  that  we  have  only  to  settle 
the  amount  of  the  twist,  and  the  stones  can  then  be 
worked  with  almost  as  great  facility  as  the  voussoirs 
of  an  ordinary  arch.  The  heading  joints,  or  those 
.which  divide  the  stones  of  each  course,  are  portions 


Skew  Arch, 

the  key-course. 

The  upper  portion  is  the  vertex^  or  crown. 
Midway  between  the  croicn  and  the  springings  are 
the  haunches^  or  Jlanks. 

The  springers,  or  reins,  rest  on  imposts,  abutments, 
or  piers. 
The  extreme  width  is  the  span. 
The  rise  of  the  curve  in  the  center  is  the  versed 
sine,  or  rise. 

The  space  between  the  haunch  and  the  outscrib- 
ing  rectangle  is  the  spandrel. 

The  joints  between  voussoirs  are  the  ain-eu- 
voirs;  which  are  perpendicular  to  the  surface 
of  the  soffit. 

The  exposed  vertical  surface  is  the /ac«. 
An  Annealing  Arch  is  the  oven  in  which 
glass  is  allowed  to  cool  gradually.      See  An- 
nealing. 

An  Arabian  Arch  is  one  of  horseshoe  shape. 
The  diameter  is  less  at  the  springings  than 
above. 

A  Basket-handle  Arch  ia  a  three-centered, 
low-crowned  arch. 

A  Blind  ArcJi  is  a  closed  arch ;  one  which 
does  not  penetrate  the  structure.     Commonly 
employed  for  mere  ornamentation,  to  make  one 
face  of  a  building  correspond  in  character  with  an- 
other front  where  there  are  actually  arched  openin^^s. 
A  Catenarian  Arch  is  one  in  the  form  of  an  in- 
verted catenary  curve,  or  that  which  a  chain  sus- 
pended at  each  end  naturally  assumes. 

A  Compound  Arch  has  an  archivolt  receding  in 
steps ;  giving  the  appearance  of  a  succession  of  re- 
ceding arches,  of  varying  spans  and  versed  sines. 

A  Concentric  Arch  is  one  of  several  courses  whose 
curves  have  a  common  center.  Common  in  Norman 
and  Saxon  architecture. 
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A  Discharging  Arch  is  one  which  is  formed  in  a 
wall  to  protect  a  space  beneath  from  the  superin- 
cumbent weight. 

An  Jrch  of  Equilibrium  is  one  in  which  all  parts 
are  of  similar  strength,  and  the  whole  capable  of 
standing  without  abutments. ' 

An  Arch  of  EguipoUenee  is  one  in  which  the 
voussoirs  are  sustained  by  mutual  opposition  ;  tlie 
thrust  of  the  crown  being  transferml  from  one 
stone  to  another  till  it  reaches  the  abutments. 

A     Funuxce 
Kg.SU.  Arch    itf    one 

which  spans 
the  fire-cham- 
ber and  sup- 
ports a  battery 
of  kettles  ;  or 
it  may  form 
the  ceiling  and 
roof  of  a  metal- 
lui^c  funiace, 
— ^  a  puddZiiig 
furnace,  for  in- 
stance. 

A     Groined 
Arch  is  one  in- 
tersected by  other  arches  cutting  across  it  trans- 
versely.   The 
point  of  junc- 
tion is  a. (jrrom. 
An  Inflect- 
ed Arch  is  a 
reversed  or  in- 


verted arch. 

An  Invert- 
ed Arch  is  one 
with  the 
crown  down- 
wards, as  in 
the  floor  of 
a  tunnel,  the 
space  beneath 
an  opening  in 
a  foundation- 
wall,  'etc. 

A  Lancet 
Arch  is  a  narrow  peaked  arch,  which  was  much  em- 
ployed for  windows  during  the  prevalence  of  the 
Gothic  style  of  architecture,  known  as  Early  English. 

A  Laminated  Arch  is  one  made  of  successive  thick- 
nesses of  planking;  bent  into  shape,  and  secured  to- 
gether by  treenails  or  otherwise.  See  Arched 
Beam  ;  Laminated  Arch. 

A  Rampant  Arch  is  one  whose  abutments  are  on 
an  inclined  plane. 

A  Relieving  Arch  is  one  on  the  spandrel  of  an 
arch,  to  distribute  and  limit  the  pressure. 

A  Skem  or  Schema  Arch,  is  a  circular  arch  not 
over  180*. 

A  Skew  Arch  is  one  whose  line  of  direction  is 
oblique  with  its  abutment.     See  Figs.  309,  310. 

A  Straight  Arch  is  one  built  with  voussoirs,  which 
give  a  level  intrados,  used  as  the  head  of  an  aper- 
ture in  a  wall. 

A  Splayed  Arch  is  a  funnel-shaped  arch ;  one 
whose  two  end  sections  are  unequal. 

A  Tweer  or  Tuyhre  Arch  is  an  arched  opening 
in  a  furnace-wall  at  which  the  blast-pipe  enters. 

A  Tymp  Arch  is  the  arched  o)ienmg  at  which 
the  metal  is  discharged  from  a  smelting-fumace. 

2.    {Mining.)  An  unworked  portion  of  the  ground. 

Aroh-4>o&rcL  (Shipbuilding,)  The  part  of  the 
stem  over  the  counter,  under  the  knuckles  of  the 
stem  timbers. 


Aroh-briok.  A  compass  brick,  or  one  of  wedgn 
shape. 

Aroh-bnf troML  A  fljring  buttress ;  reaching 
fi-om  the  outer  wall  of  an  aisle  to  the  clear-story  of 
the  nave  to  form  a  lateral  support  against  the  thrust 
of  the  roof. 

Arohed  Beam.  (Carpentry.)  A  beam  cut,  bent, 
or  built  into  an  arched  form  to  support  a  structure, 
as  a  ceiling,  roof,  or  viaduct. 

One  form  of  the  arched  beam  is  exemplified  by 
the  roof  of  the  dining-room  of  the  Chartertiouse 
School,  London  (Fig.  312).  This  much-perverted 
charity  is  well  housed,  and  the  roof  of  the  i-efectory 
is  formed  with  circular  ribs  in  four  thicknesses  of 
l}-inch  deal  four  inches  wide,  with  saw-cuts  half 
an  inch  in  d^pth  on  the  under  sides,  and  put  to- 

S ether  with  inarim  glue^  on  a  cradle  center.  The 
otted  lines  show  the  collars,  which  are  dovetailed 
one  inch  into  the  sides  of  the  principal  rafters.  The 
principal  rafters,  being  five  inches  wide,  project  on 
one  side  an  inch  before  the  face  of  the  circular  ribs, 
which  are  only  four  inches  wide.  On  the  collars 
rest  the  purlins  supporting  the  rafters.  The  ceiling 
joists  are  spiked  up  to  the  circular  ribs. 

The  five  main  arches  of  the  Ouseboume  Viaduct 
of  the  Newcastle,  North  Shields,  and  T^emouth 
Railway,  England,  are  built  of  arched  beams  ;  three 
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Boofvoer  Lnun^Room  at  Charterhouse  SchooL 


of  these  have  a  span  of  116  feet  each,  and  the  oth- 
ers have  114  feet  span.  The  hight  of  the  rails 
above  the  bed  of  the  stream  is  108  feet,  and  the 
width  of  the  viaduct  is  31  feet, —  26  for  a  double  line 
of  rails,  and  5  for  a  foot-path.  At  each  end  of  the 
viaduct  are  two  arches  of  masonry,  and  the  total 
length  is  918  feet.  The  two  middle  piers  are 
erected  upon  piles  from  21  to  27  feet  in  length. 
All  the  piers  are  of  masonry,  and  tapered  upward, 
the  principal  being  21  feet  wide  between  the  foot- 
higs  and  15  feet  at  the  springing  of  the  arches. 
The  piers  are  continued  upward,  of  reduced  dimen- 
sions, to  the  level  of  the  roadway,  the  whole  of  the 
five  main  arches,  spandreling,  and  superstmcture 
being  formed  of  timber.  The  radius  of  these  arches 
is  68  feet,  and  their  rise  or  versed  sine  about  33  feet 
The  ribs  forming  the  arches  are  composed  of 
planks  of  Kvanized  Dantzic  pine,  the  lengths  of 
which  vaiT  from  20  to  46  feet,  by  11  inches  wide 
and  3  inches  thick.  The  thickness  of  each  rib  is 
made  up  of  fourteen  planks  so  bent  as  to  form  an 
arch,  and  laid  together  so  as  to  break  joint  both 
transversely  and  longitudinally.  They  are  fastened 
together  by  oaken  treenails,  1}  inches  in  diameter 
and  4  feet  apart,  each  treenail  perforating  three  of 
the  planks.  Between  each  joint  in  each  direction 
is  placed  a  layer  of  strong  brown,  paper  dipped  in 
boiling  tar. 
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The  smndrels  are  formed  of  trussed  framing,  and 
the  platform  of  the  roadway,  which  is  composed  of 
d-inch  planking,  is  supported  upon  transverse  beams 
laid  4  feet  apart.  The  platform  is  covered  with  a 
composition  of  boiling  tar  and  lime,  mixed  with 
l^vel  in  applying  it,  and  thus  forming  a  coating 
impervious  to  water. 

The  arched  beam  has  been  very  extensively  used 
in  the  timber  bridges  of  the  United  States.  See 
Wooden  Bridok  ;  Arched- Beam  Roof. 

Arched-Beam  Bridge.  A  bridge  whose  span 
either  consists  of  a  compound  beam,  or  one  in  which 
such  a  beam  forms  one  element  in  the  truss,  as  in 
many  of  the  wooden  bridges  of  the  last  dentury  and 
the  present.    See  Wooden  Bridge. 

Compound  arched  beams  of  iron  are  also  becoming 
common,  and  many  beautiful  bridges  are  now  made 
on  this  principle.    See  previous  article. 

The  arched  beam  is  now  a  favorite  foim  of  bridge. 
Angle-iron  of  varying  cross-section  is  freely  \ised. 
See  Iron  Bridge. 

Arched-Beam  Roof.  In  the  sixteenth  century 
Philibert  de  Lorme,  a  French  architect,  invented  an 

Fig.  S18. 


De  LomuU  Arched  Beam. 


arched  beam  (Fig.  818)  made  of  pieces  of  timber 
which  were  cut  into  short  arcs  of  the  required  circle, 

§  laced  edgewise,  and  bolted  together,  breaking  joint, 
eyeral  roofs  in  Paris  and  London  are,  or  were,  of 
this  construction. 

It  was  a  disadvantage  of  this  plan  that  the  pieces 
were  necessarily  short,  as  they  would  otherwise  pre- 
sent a  cross  grain  to  the  strain. 

The  largest  roof  of  one  span,  in  its  day,  was  that  of 
the  Imperial  Riding-House  at  Moscow,  built  in  1790 

Fig.  814 
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Imperial  Rtding-House. 


(Fig.  814).     The  span  is  285  feet.     The  members  of 
the  arched  beam  are  notched  together  (Fig.  815)  so  as 


Fig.  816. 


Fig.  816. 


Notched  Arch-Beam. 

to  prevent  slipping  on  each  other.  The  ends  of  the 
arched  beam  are  prevented  from  spreading  by  a  tie- 
beam,  and  the  arch  and  tie  are  connected  together  by 
vertical  suspension-rods  and  diagonal  braces. 

Colonel  EMys  arched  beam  (1817)  is  constructed 
on  a  principle  differing  from  both  of  the  foregoing 
(Kg.  316).  The  ribs  in  this  roof  are  formed  of  planks 
bent  round  on  templets  to  the  proper  curve,  and  kept 


Emy^s  Arched-Beam  Roof. 

from  separating  by  iron  straps,  and  also  by  the  radi- 
ating struts  which  are  in  pairs,  notched  out  so  as  to 
clip  the  rib  between  them. 

The  principals,  wall-posts,  and  arched  rib  form 
two  triangles,  firmly  braced  together,  and  exert  no 
thrust  on  the  walls  ;  the  weight  of  the  roof,  being 
thrown  on  the  walls  at  the  feet  of  the  ribs,  and  not 
at  the  pole  plate,  permits  the  upper  portion  of  the 
walls  to  be  comparatively  light. 

The  Colonel  erected  a  roof  of  this  description  in 
1825  at  Marac,  near  Bayonne. 

The  principle  has  been  extensively  adopted  in 
wooden  oridges  in  the  United  States  and  in  Eu- 
rope.    See  Wooden  Bridge. 

The  illustration  opposite  represents  the  roof  of 
the  Union  Passenger  Depot  of  the  New  York  and 
Harlem  Railway,  projected  by  Commodore  Vander- 
bilt,  and  constructed  from  the  designs  of  J.  C.  Buck- 
hout,  C.  E.  The  roof  is  652  feet  long  and  199  feet 
2  inches  between  walls.  It  is  supported  upon  32 
semicircular  trusses,  which  are  spaced  20  feet  4 
inches  between  centers,  extending  from  a  point  2 
feet  below  the  rails  to  an  elevation  of  94  feet  from 
the  springing  line  to  the  extrados  of  the  arch.  Each 
truss  has  at  its  foot  two  tie-rods  2J  inches  ii;  diam- 
eter, with  a  turn-buckle  at  the  mid  length.  The 
pitch  of  the  roof  is  formed  by  rafters  secured  to  the 
top  chord  of  the  arch. 

The  trusses  weigh  about  forty  tons  each,  and  wei-e 
raised  in  sections  by  means  of  a  movable  staging 
80  feet  high,  160  feet  long,  and  30  feet  wide,  moving 
on  ways,  and  shifted  along  step  by  step  as  the  work 
of  raising  the  tnisses  progressed.  About  8,000,000 
pounds  of  iron  were  used  in  the  structure,  10,000,000 
tricks,  20,000  barrels  of  cement. 

The  car-house  is  lighted  through  three  skylights, 
extending  over  the  entire  length  of  the  roof,  —  one  on 
the  center,  double-pitched,  and  a  single  one  on  each 
side  of  the  center,  and  having  altogether  80,000  square 
feet  of  glass,  —  nearly  two  acres.  The  north  end  is 
closed  by  an  iron  front,  the  south  end  by  the  building 
containing  the  principal  offices  of  the  Company. 

The  roof  covers  nearly  three  acres,  the  station  it- 
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self  about  four  acres.  The  station  is  designed  for 
the  use  of  the  Hudson  River,  Harlem,  N.  Y.  Central, 
and  N.  Y,  and  New  Haven  Railways,  having  lines 
of  rail  for  each  company,  besides  those  for  the  Pourth 
Avenue  horse-cars  which  run  into  and  to  and  from 
this  station,  which  was  opened  for  traffic  October  7, 
1871.  The  gas-burners  of  the  building  are  lighted 
at  night  by  electricity  ;  25,000  feet  of  electric  wire 
being  used,  and  20,000  feet  of  gas-pii>e.  The  144 
steam-radiators  are  heated  by  15  miles  of  steam-pipe. 

The  roof  is  ventilated  bv  six  lines  of  ventilating 
slats  6  feet  high  and  8  inches  wide,  with  a  Z-shaped 
interval  between  the  slats. 

The  i-oof  of  the  St.  Pancras  Station  of  the  Midland 
Railway,  England,  covers  nearly  four  acres.  The 
roof  had  at  the  time  of  its  erection,  and  may  yet 
have,  the  widest  span  of  any  in  existence,  240  feet, 
and  the  space  beneath  is  unbroken  by  ties  or  braces. 
Its  style  IS  subdued  Gothic,  with  segments  meeting 
at  its  crown.  The  roof  springs  from  the  platform 
level,  the  principal  ribs  each  having  the  form  of  a 
four-centered  arch,  the  radii  of  the  curves  being  57 
feet  and  160  feet  respectively.  The  two  central 
curves  —  those  of  160-feet  radius  —  meet  at  an  an- 
gle in  the  center  at  a  hight  of  96  feet  above  the 
platform  level.  The  length  of  the  roof  is  690  feet, 
with  a  clear  span  of  240  feet,  covering  five  platforms, 
ten  lines  of  rails,  and  a  cab-stand  25  feet  wide,  thus 
making  a  total  area  of  165,600  square  feet.  Its 
hight  at  the  ridge  is  125  feet  above  the  level  of  the 
road.  There  are  twenty-tive  principal  ribs  in  the 
roof,  29  feet  4  inches  apart  from  center  to  center, 
and  each  weighing  about  50  tons.  The  station 
walls  rise,  behind  the  soring  of  the  principal,  the 
space  at  the  top  being  filled  m  with  open  ironwork. 

The  roof  is  glazed  about  70  feet  on  each  side  of 
the  center,  and  the  remainder  is  covefed  with  slates. 

The  transverse  girders  which  support  the  floor 
of  the  station  take  the  thrust  of  the  roof.  They  are 
connected  so  as  to  fonn  continuous  girders  across 
the  station,  and  rest  on  the  walls  of  the  I7i-feet 
story  beneath.  Besides  being  tied  to  the  giniers, 
the  feet  of  the  ribs  are  each  secured  bv  four  3- inch 
bolts  to  an  anchor-plate  built  into  the  wall  and 
strongly  fastened. 

Arched  But'tress.  A  fljring  buttress,  or  arc- 
hovXanl. 

Ar'ohiL  The  extract  of  Orcliilla  weed,  used  for 
dyeing,  usually  evapomted  so  as  to  form  a  solid  mass 
Uke  indigo.     Called  also  OrcJiil  and  Cudbear. 

Ar'clu-me-de'an  DrilL  A  drill  whase  stem 
consists  of  twisted  pinion  wire,  or  a  core  having  steep 
spirals.  A  nut  with  internal  oblique  grooves  is  re- 
ciprocated on  the  stem  and  rotates  the  latter.  A 
Persian  Drill  (which  see). 

Ar'chl-me-de'eui  Fro-peller.  A  propeller  con- 
sisting of  a  continuous  spiral  vane  on  a  hollow  core 
running  lengthwise  of  the  vessel.  It  is  an  amplifica- 
tion and  extension  of  the  screw.  Figure  817  shows 
it  in  horizontal  and  transverse  sections.  See  Screw 
Propeller. 

Ar'ohi-me-de'eui  Rail'i^Tay.  A  form  of  railway 
in  which  a  continuous  shaft  rotates  on  pillars  erected 
between  the  lines  of  rail,  the  shaft  having  a  spiral 
rib  which  acts  as  a  screw  upon  a  pedestal  below  the 
car  to  propel  it  along  the  track. 

Ar'chi-me-de'an  Screw.  The  invention  of  Ar- 
chimedes when  in  Kgypt,  about  260  B.  c.  It  consists 
of  a  hollow  inclined  screw,  or  a  spiral  pipe  around 
an  inclined  axis  ;  the  lower  end  is  submerged  in  the 
water  and  the  upper  end  discharges. 

Strabo  refers  to  a  water-raising  machine  of  this 
kind,  used  to  supply  the  garrison  of  the  Memphite 
Babylon,  on  the  Nile,  and  worked  by  150  men. 


Fig.  817. 


ArehimecUan  PrqatQer, 

it  was  also  used  as  a  draining  pump  by  the  Tur- 
detani  of  Iberia  in  the  time  of  Strabo.  This  was 
the  country  of  the  Guadalquiver.  See  Scekw, 
Archimedean. 

Ar'chi-tecf  ura  The  classic  orders  are  five :  • 
DoriCf  loiiic  and  Corinthian  (Greek) ;  Tuscan  and 
Composite  {Roman),  The  more  modem  is  Gothic^ 
which  has  several  varieties  :  Anglo-Roman^  B.  C.  55 
to  A.  D.  250  ;  Anglo-Saxon,  A.  D.  800  to  1066  ;  An- 
glo-Norman, 1066  to  1185  ;  Early  English  or  Point- 
ed, 1135  to  1272  ;  Pure  Gothic,  1272  to  1377  ;  Flor- 
id, 1377  to  1509  ;  Elizabethan,  1509  to  1625.  The 
subject  is  copiously  and  admirably  treated  in  many 
excellent  works.  Its  interest  in  a  work  of  this  char- 
acter is  not  as  an  art,  but  as  requiring  machinery 
to  hew  and  shape  the  stones,  construct  the  founda- 
tions and  the  roof,  and  also  calling  for  ingenuity  in 
providing  the  building  with  its  material  accessories  for 
safety,  ventilation,  warmth,  light,  and  convenience. 
The  following  are  dates  assigned  by  some  authori- 
ties for  the  buildings  mentioned  :  — 

The  Pyramids  .  (about)  B.  C.  1500 
Memnonium  .  .  .  "  1350 
Solomon's  Temple  .  .  .  "  1004 
Birs  Nimroud,  .  .  .  "  900 
Jupiter  Capitolinus  .  .  .  **  616 
Parthenon  .  ..."  438 
Pantheon         .        .        .  A.  D.      18 

Coliseum      .         .         .         .         "         .70 
St.  Sophia       .         ..."        532 
Mosque  of  Omar,  at  Jerusalem     **        687 
Caves  of  Ellora    ..."        700 
St.  Peter's,  Rome     .         .         .     "      1626 
St.  Paul's,  London       .         .         "      1710 
The  tent  is  the  original  of  the  Chinese  style. 
The  cave  is  the  original  of  the  Eg>'ptian. 
The  log  cabin  suggested  the  Grecian. 
The  avenue  oftrerjt  the  wondrous  Gothic  nave. 
The  possession  of  iron  and  various  facilities  of 
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work  have  yet  inspired  no  one.  Some  are  anxious  to 
buUd  iron  houses  as  much  like  stone  as  possible ; 
the  most  ambitious  attempt  is  an  immense  barn  at 
Sydenham,  England, — an .  engineering  success,  but 
not  a  work  of  inspiration. 

The  Egyptian  capitals  were  the  prototypes  of 
those  of  the  Grecian  and  Roman  orders  ;  and  the 
various  ceramic  works  of  the  Greeks  and  Etruscans 
were  strangely  like  those  of  the  Nile  people.  The 
opening  of  the  Egyptian  ports  by  Psammeticus, 
670  B.  c,  was  fortunate  for  the  nations  on  the 
northern  shore  of  the  Mediterranean. 

For  Specific  Index  of  Architecture,  see  Mason's 

AND  Bricklayer's  Work. 

Ar'ohi-ton-nere.    A  name  for  the  Steam  Gun. 

Ar'chi-traTre.  {Architecture.)  That  portion  of  an 

entablature  which  rests  upon  the  columns  ;  the  lintel. 

(Carpentry.)    The  molding  ai*ound  a  doorway  or 

window.    The  respective  portions  are  known  as  the 

transverse  architrave,  and  architrave  jambs. 

Ar'chi-volt.  {Architecture.)  a.  A  molding  run- 
ning round  the  face  of  an  arch. 

b.  The  inner  curve  formed  by  the  voussoirs  or 
arch-stones. 

Aroh'-atone.  A  wedge-shaped  stone  used  in  an 
arch ;  a  voussoir.  In  some  furnaces  the  chamber,  or 
an  opening  thereinto,  is  covered  by  a  flat  ashlar, 
which  is  called  an  arch-stone. 

Aro'o-graph.    An  instrument  for  describing  arcs 
of  circles  without  the  use  of  centers.     A  thin  and 
pliable  strip  of  metal  whose  ends 
Fig.  818.        are  attached    to  the  wooden   bar 
may  be  sprung  into  the  required 
shape  ana   then    fastened  by  set 
screws.      Unless    the    stock   have 
means  for  extension  and  contraction^ 
the  range  of  arc  which  may  be  de- 
scribed will  be  but  limited.     The 
device  is  susceptible  of  many  varia- 
tions, and  is  useful  as  a  templet  or 
marker  for  many  purposes. 
Arcograpk.  A-re-om'e-ter.   An  instrument 

used  by  the  Spanish  Saracens  A.  D. 
It  had  a  bulb  and  stem  similar  to  a  hy- 


1000. 

drometer ;  floating  in  liquid,  its  stem  was  more  or  less 

submerged  by  the  changes  in  the  density  of  the 

liquid  due  to  changes  of  the  temperature,  and  thus 

constituted  a  thermometer. 

Nicholson's  areometer  consists  essentially  of  the 

funnel  a,  the  cylinder  6,  rod  c  m,  and  the  table  or 

plate  d. 

The  instrument  is  so  arranged  that  when  set  in 

distilled  water  and  a  definite  weight  laid  upon  rf,  it 
will  sink  to  a  mark  m  made  on 
Fig.  S19.  the  rod.     To  determine  the  spe- 

cific gravity  of  a  mineral,  it  is  laid 
on  the  plate  rf,  when  it  will  of 
course  depress  the  instrument  in 
the  water.  Additional  weights 
must  be  added  to  bring  the  mark 
m  to  the  level  of  the  water,  and 
the  amount  of  these  subtracted 
from  the  standard  weight  already 
referred  to  will  be  the  weight  of 
the  mineral  in  the  air.  Call  this 
weight  p.  Remove  the  mineral 
from  the  plate,  and  place  it  in  the 
funnel  or  nollow  cone  a ;  immersed 
in  the  water  the  areometer  will  not 
sink  quite  to  w,  say  about  to  c, 
the  body  losing  in  water  an  amount 

^ m   of  weight  equal  to  that  of  a  quan- 

Nieholson's  Ar«<nn.'  ^^^7  ^^  ^^»^^^  ^^  precisely  the  same 
eter.  volume  with  itself,  that  is,  equal  to 


that  of  the  water  displaced.  Additional  weights  * 
are  now  to  be  laid  on  a  until  the  level  m  is  again 
reached.  This  amount,  which  we  will  eall  p\  ex- 
presses the  weight  of  an  equal  volume  of  water. 
We  have  thus  ascertained  tlie  weight  of  precisely 
equal  volumes  of  water  and  of  the  mineral,  and  as 
water  is  the  standard  taken,  -^.  will  express  the  ratio 
of  the  two,  or  the  specific  gravity  of  the  body. 
Thus,  X  :  1  :  :  p  :  p',  and  x  =  '^. 
The  areometer  of  Pappus,  the  Greek  philosopher 
contemporary  with  Theodosius  the  Great,  A.  D. 
379  -  395,  is  described  by  Al-Kh&zinl  the  Saracen,  an 
eminent  writer  of  the  twelfth  century,  the  author  of 
the  "Book  of  the  Balance  of  Wisdom,"  and  sus- 
pected to  be  identical  with  the  great  Al-Hazen, 
whose  celebrity  is  associated  with  the  Cordovan 
period  of  Spanish  history.  It  was  a  graduated  brass 
tube  which  floated  vertically  in  liquid  and  indicated 
by  the  line  of  submergence  the  degree  above  or  below 
the  "equator  of  equilibrium,"  the  specific  gravity 
of  the  matter  weighed. 

The  surmise  of  Chev.  Khanikoff,  indorsed  by  Dra- 
per, that  Abu-Jafar  Al-Eh^in!  and  Al-Hazen  were 
identical  may  be  correct.  They  were  certainly  con- 
temporaries, but  the  former,  whose  name  it  is  impos- 
sible to  find  in  any  other  part  of  the  Persian  an- 
nals, fails  in  some  respects  to  answer  for  'Abu-'Alt 
Muhammad  Bin  'al-Hasan  'Ibu  'al-Haitham,  said 
to  be  of  Basrah. 

The  book  referred  to  Q.bove  as  the  writing  of  Al- 
Rh^ni  was  composed,  as  is  seen  in  the  Dedi- 
cation, at  the  court  of  the  SaMke  Sult&n  Sanjar, 
who  reigned  over  a  large  part  of  the  ancient  Khali- 
fate  of  Baghdad  from  A.  D.  1117  to  1167. 

The  areometer  of  Pappus  is  very  similar  to  the 
Volumeter  of  Gay  Lussac. 

Gay  Lussac's  scale  areometer  consists  of  a  cylin- 
drical glass  tube  in  the  lower 
part  of  whicha  ball  his  blown.  Fig  820. 

and,  being  continued,  finally  _ 

terminates  in  another  ball  c. 
The  latter  is  filled  with  shot 
or  mercury,  to  cause  the  in- 
strument to  sink  vertically  in 
distilled  water  to  a  certain 
point,  the  zero.  The  specific 
gravity  of  a  liquid  is  ascer- 
tained by  the  depth  of  depres- 
sion, its  weight  being  equal  to 
that  of  the  liquid  displaced. 
It  is  a  form  of  hydrometer. 

A-re-o-Btylbs.  Aninter- 
columniation  of  four  diam- 
eters width. 

Ar'gand  Gas'-bum-er. 
The  Argand  Gas-burner  has 
a  circular  series  of  holes  on  the 
upper  edge  of  a  cylindrical 
chamber,  having  a  central 
aperture  to  allow  access  of  air 
to  the  inside  of  the  flame. 

The  jets  from  the  series  of 
holes  unite  to  form  a  cylin- 
drical flame.  The  holes  are 
about  one  sixth  of  an  inch  in 
diameter,  and  when  there  are  ' 

ten  holes  in   the  circle,   the  Qay  Lusaac^s  Areometer. 
middle  opening  will  be  four 
tenths  of  an  inch  in  diameter ;  with  twenty-five  open- 
ings, the  central  aperture  will  be  about  one  inch  in 
diameter. 

The  following  formula  is  ^ven  for  the  number  of 
holes,  central  aperture,  hight  of  flame  without 
smoking,  and  appropriate  size  of  chimney  :  — 
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No.  of 
ApertuxM. 

10- 
15 
20 
25 


Central 

Opening. 

inch. 


il 


Hightof 
Flune. 
inch. 

3 


Diameter  of  Olus 
Chimney, 
inch. 


i! 


In  Fig.  321  the  lower  section  of  the  burner  has 
an  orifice  for  the  gas,  which  is  more 
Fig.  821 .  or  less  obstructed  by  the  end  of  a  screw 
which  is  either  turned  dii-ectly  by 
hand,  or,  when  vertical  and  inclosed 
within  the  burner,  is  turned  by  a 
lever  projecting  through  a  slot  there- 
in. 

Ar'eand    Lamp.     Invented   by 
Ai^nu,  a  native  of  Geneva,  about  the 
year  1784.    It  consists  of  two  concen- 
tric cylindrical  tubes  between  whicli 
is  fitted  the  annular  wick  used  in  this 
peculiar  burner.     The  annulus  inclos- 
ing the  wick  is  closed  at  the  bottom, 
and  communicates,   by  a  pi]ie,  with  the  oil  reser- 
voir.     The  interior   tube   being   open,  free  access 
of  air  is  allowed  to  the  inte- 
Wg  822.  rior  and  exterior  of  the  flame, 

insuring  more  equal  and  perfect 
combustion. 

In  a  round  solid  wick,  burning 
any  of  the  fatty  oils,  such  as 
sperm,  a  large  proportion  of  the 
carbon,  which  in  that  class  of  oils 
is  greatly  in  excess  of  the  hydro- 
gen, escapes  unconsumed  and  is 
wasted,  rising  in  the  form  of 
smoke. 

The  annular  wick  has  double 
the  surface  of  a  solid  one  of  the 
same  diameter   exposed   to  the 
contact  of  the  atmosphere,  and 
as  the  flame  is  also  thinner  its 
b  temperature  is  more  uniform,  and 
^  the  vapor  from  the  center  of  the 
wick  IS  consumed  equally  with 
that  from  its  exterior.    The  com- 
Arftmd  Lamp.      bustion  is  also  greatly  aided  by 
the  draft  caused  by  the   glass 
chimney,  continually  bringing  fresh  supplies  of  oxy- 
gen in  contact  with  the  flame  and  protecting  it  from 
currents  of  air.     The  chimney  was  the  invention 
of  L'Ange. 

Argand  died  in  1803.  A  French  mechanic  named 
Carcel  patented  an  improvement  in  1800,  in  which 
the  oil  18  pumped  from  the  reservoir  to  the  wick  by 
power  denved  from  a  spring  or  by  the  ascending  col- 
umn of  air  above  the  chimney.  This  is  called  the 
Mechanical  Jyitnp,  and  is  used  in  the  large  lamps 
for  the  Dioptric  system  in  lighthouses. 

The  Argand  burner  as  mo<lified  by  Fresnel  for  the 
Dioptric  system  in  lighthouses  has  four  concentric 
wicK.s,  the  outer  one  3J  inches  in  diameter,  and  the 
great  heat  produced  is  carried  off  by  two  nican.s,  — 
overflowing  the  wicks  with  oil,  and  by  means  of  the 
ventilator  devised  by  Faraday.  The  oil  in  su])er- 
abundant  quantity  is  puniped  into  the  wick-tubes 
and  flows  over  the  top.  The  ventilator  is  a  tube 
•  having  several  sections,  the  lower  portion  of  eo/ch 
being  flaring,  and  receiving  the  upper  end  of  the 
section  below,  which  enters  it  a  short  distance.  The 
top  of  the  lamp-chimney  enters  the  lower  section 
and  produces  a  great  draft. 

The  Ai^nd  lamp  first  made  effective  the  Catop- 
tric system  for  lighthouses. 


The  annexed  engraving  shows  the  lamp  in  its 
lower  position,  withdrawn  from  its  place  in  the  focus 
of  the  ^mraboloid  reflector  a 
for  trimming.    6  is  the  bum-  He*  828. 

er,  and  c  a  cylindrical  foun- 
tain containing  twenty-four 
ounces  of  oil.  The  oil-pipe, 
burner,  and  fountain  are  con- 
nected to  a  frame  d,  which 
is  movable  in  a  vertical 
direction  upon  guide-rods  e 
/,  by  which  it  can  be  let 
down  by  simply  turning  the 
handle  g. 

An  aperture  of  an  ellip- 
tical form,  measuring  about 
two  inches  by  three,  is  cut 
in  the  upper  and  lower  part  ^  I 
of  the  reflector,  the  lower 
serving  for  the  free  egress 
and  ingress  of  the  burner, 
and  the  upper,  to  which  the 
copper  tube  h  is  attached, 
serving  for  ventilation  ;  t 
shows  a  cross-section  and  a 
back  view  of  the  main  bar  of 
the  chandelier  or  frame  on  Jrgand  Lan^. 

which    the    reflectors    are 

ranged,  each  being  made  to  rest  on  knobs  of  brass, 
one  of  which  is  soldered  to  the  brass  band  /,  that 
clasps  the  exterior  of  the  reflector,  m  is  an  oil  cup 
to  catch  drip.  A  frost  lamp  is  placed  at  this  point 
in  winter  to  keep  the  oil  in  the  wick-tube  in  a 
flowing  condition. 

The  tubular  wick -burner  (Fig.  824)  has  a  wa- 
ter-chamber B  G"  interposed  between  the  wick- 
tube  and  the  oil-res- 


ervoir, so  as  to  prevent 
the  heating  of  the 
contents  of  the  lat- 
ter. The  wick  occu- 
pies an  annular  space 
formed  by  two  con- 
centric wicks.  M 
is  the  deflector  plate, 
and  C  I  2L  frustrum 
to  reflect  upwanl  the 
heat  which  reaches 
the  inside  of  the  tube. 
CF'  is  a  perforated  floor 
to  prevent  the  con- 
duction of  flame,  on 
the  principle  of  Da- 
vy's safety- lamp.  The 
water  has  an  overflow 
down  the  central  air- 
tube.  K  is  the  base 
ring  for  the  chimney. 

Ar-gent'alMer'- 
cu-ry.  Silver  amal- 
gam. 

Ar^gen-tan.  An 
alloy  of  nickel  cop- 


Fig.  824. 


Dopp^s  Argand  Lamp. 


\wT  and  zinc.  Albata  ;  German  Silver^  (which 
see). 

Ar'gen-tine.    White  metal  coated  with  silver. 

Ar'gen-tine  Glass.  An  ornamental  gla.ssware 
having  the  sheen  of  silver.  It  is  the  invention  of 
Apsley  Pellatt,  and  is  formed  by  inclosing  delicate 
white  Argentine  incrustations  of  dry  porcelain  clay 
with  solid  and  transparent  glass. 

The  dry  figures  are  placed  on  a  red-hot  bulb  of 
flint  glass  and  immediately  covered  with  a  thin  layer 
of  very  fluid  glass. 
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The  exterior  layer  is  polished,  and  gives 
a  silvery  brightness  to  the  white  figure. 

Ar-gen-tom'e-ter.  A  graduated  tube 
used  for  ascertaining  the  amount  of  silver 
in  a  solution  by  the  admission  of  a  definite 
bulk  of  chloride  of  sodium  solution. 

Ar-gen'tom  Mo-sa'i-oom.  An  alloy, 
or  rather  amalgam,  of  tin,  bismuth,  and 
raercuiT,  used  for  coloring  images  of  plas- 
ter of  Paris.     Argentum  Munvum. 

Ar'giL  Potter's  clay,  from  the  Latin 
argilla  ;  white  clay. 

Ar'go-sy.  A  merchant-ship  of  the  Med- 
iterranean ;  specially  of  the  Levant.  The 
term  is  now  antiquated. 

A'ri-es.  The  battering-ram,  so  called  be- 
cause the  metallic  head  of  the  beam  was 
sometimes  fashioned  like  the  head  of  a  ram. 
As  a  means  of  battering  walls  it  is  said  to 
have  been  invented  by  Artemanes  of  Cal- 
zomene,  a  Greek  architect,  about  441  B.  c.  It  is  de- 
scribed by  Josephus,  who  states  that  it  was  some- 
times supported  on  the  shoulders  of  men  who  ad- 
vanced on  a  run  ;  at  other  times  it  was  slung  from 
a  frame,  and  operated  by  ropes. 

Philip  of  Macedon  is  said  to  have  been  the  first  to 
place  the  frame  on  wheels,  at  the  siege  of  Byzantium. 
Plutarch  informs  us  that  Marc  Antony,  in  the  Par- 
thian war,  made  use  of  an  aries  80  feet  long.  Vi- 
truvins  says  they  were  sometimes  106  to  120  feet  in 
length. 

A-rith-mom'e-ter.  An  instrument  for  assisting 
in  calculating.  The  most  ancient  form  is  the  Aba- 
cus (which  see).  This  has  a  series  of  wires,  the 
balls  on  which  represent  units,  tens,  hundreds,  etc., 
and  is  used  by  sliding  the  balls  on  the  wire,  to 
tabulate  the  result  of  each  successive  increment  or 
decrement  of  numbers. 

If  the  balls  were  numbered  and  several  series 
were  strung  upon  a  ring,  they  might  be  passed  con- 
tinuously in  tne  same  direction,  as  the  addition  re- 
quired. 

The  Arabs,  to  whom  we  are  indebted  for  the  in- 
troduction  of  the   Indian  numerals,  termed  their 
treatises   "Systems  of  Indian  Arithmetic."     The 
word  cipher  is  the  Arabic  tmplwra,  —  **  blank"  or 
**  void     ;  alluding  to  its  integral  value.     The  word 
algebra  is  also  Arabic.     The  words  ehemiae^  coUoriy 
are  also  Arabic,  and  to  the  Arabs  Europe  is  also  in- 
debted for  the  introduction  of  the  garment  and  the 
material.     Mohammed  Ben  Musa  wrote  a  treatise 
on  a^bra  in  the  latter  part  of  the  ninth  century. 
The  Khalif  Al-Maimon  measured  a  degree  of  lati- 
tude on  the  Red  Sea  shore.     This,  when  the  teach- 
ings of  Constantinople  and  Rome  were  on  the  scale 
and  standard  of  Byron's  Grand  Seignoir,  — 

*'  He  knew,  becaoM  he  saw,  the  moon  wm  round, 
AIbo  wm  certain  that  the  earth  was  square."  —  Don  Juan. 

An  arithmometer  was  suggested  by  the  Marouis 
of  Worcester  in  his  **  Century  of  Inventions,"  out 
was  not  described.  It  was  adapted  for  addition  and 
subtraction. 

Sir  Samuel  Morlond,  in  1672-73,  published  a 
treatise* on  the  use  of  two  arithmetical  instru- 
ments adapted  for  addition  and  subtraction. 

In  Fig.  325,  instead  of  balls  on  a  wire,  a  series  of 
sectional  belts  operate  numbered  wheels,  which  are 
rotatable  in  one  direction  only.  The  numbers  on 
the  peripheries  of  the  wheels  are  exposed  at  a  row  of 
openings  in  the  case.  The  sections  of  the  belt  are 
perforated  so  as  to  be  moved  by  a  j)eg,  the  selection 
of  the  place  for  the  peg  being  assisted  by  a  row  of 
numbers  over  each  belt. 


Fig.  825. 
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Computing  MaddnM, 

The  Calculator  (Fig.  826)  has  disks  numbered  on 
their  peripheries  and  arranged  on  a  common  axis. 

Fig.  826. 


Calcukaor. 


They  are  moved  by  cogs  exposed  conveniently  to  be 
operated  by  the  nnger,  -and  are  so  connected  that 

Fig.  827. 


Arithmomtter, 
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FJg-  828.  the  motion  often 

cogs  on  the  disk 
ofunits  rives  the 
next  disK  a  sin- 
gle impulse  and 
registers  ten,  and 
80  on  through  the 
series.  Tne  re- 
sult is  visible  at 
a  slit  in  the  case. 
Fig.  327  has 
also  the  num- 
bered disks, 
which  are  moved 
by  handles 
sweeping  in  cir- 
cular arcs.  It 
performs  the  op- 
erations of  ad(U- 
tion,  subtrac- 
tion, multiplica- 
tion, and  divis- 
ion, the  results 
appearing  at  dif- 
ferent slits  in  the 
case.  Space  will 
not  permit  an 
exact  elucidation  of  the  mode  of  operation  of  this 
ingenious  machine. 

Another  form  of  arithmometer  is  that  in  which 
disks  of  varying  diameters  overlie  each  other,  and 
communicate  motion  to  each  other  in  regular  series, 
as  in  Fig.  328,  the  units  to  the  tens,  these  to  the 
hundreds,  etc.  The  principle  is  substantiallv  the 
same  as  those  previously  described,  but  the  device 
has  a  compact  appearance,  and  the  result  is  read  on 
a  dial. 

One  other  form  is  analogous  to  the  disks  of  a  gas- 
meter  register,  which   is  in  fact  an  arithmometer. 

Fig.  829. 


Disk  Arithnonuter. 


it  is  transmitted  through  the  series  ;  but  in  adding 
machines  each  wheel  must  have  capacity  for  inde- 
pendent rotation  to  register  thousands,  hundreds, 
tens,  and  units,  not  affecting  those  below  it  of  lesser 
denomination,  but  each  imparting  to  the  one  above 
it  one  tenth  of  its  own  motion. 

Registering  devices  are  to  be  seen  verj'  perfectly 
constructed  in  steam-enrinfes  and  printinc-presses  ; 
in  the  fonner  to  record  me  number  of  revolutions  of 
the  shaft  for  economical  purpose  in  estimating  the 
consumption  of  steam,  the  slip  of  the  paddles,  etc., 
and  in  the  latter  case  for  keeping  record  of  the  num- 
ber of  impressions.  See  Calculating  Macuixe, 
Babbaoe's. 

Ark.  A  flat-bottomed  boat  made  of  a  frame  and 
boards  which  do  not  usuallv  overlap,  but  are  nailed 
to  the  frame  and  have  tne  interstices  calked  or 
daubed. 

It  is  used  on  the  Western  rivers  to  transport  pro- 
duce, pelts,  merchandise,  etc. 

Ar-lien-axiB'e.  {Fabric. )  A  kind  of  Spanish  linen. 

Arm.  {Angle-Iron.)  1.  One  of  tne  wings  or 
flanges  of  angle-iron.  The  side-ann  of  the  angle- 
iron  in  a  ship's  frame  forms  the  /aytw^r-sunace 
to  which  the  plates  are  riveted.  The  other  arm 
is  in   the  plane  of  the   transverse  section  of  the 


p-^^^'-T^ 


CXphering  Maddtu, 

See  Fig.  829.  The  different  disks  are  arranged  on 
their  separate  axes,  and  usually  have  their  numbers 
on  their  circular  faces.  A  revolution  of  the  unit 
wheel  gives  one  tenth  of  a  revolution  to  the  wheel 
registering  tens,  and  so  on  ;  the  numbers  of  the 
wheels  api)ear  at  the  series  of  openings  in  the  slit, 
and  are  read  consecutively.  In  the  gas  register  the 
impulse  is  all  imparted  to  the  unit  wheel,  and  from 


2.  {Kiiecs.)  One  of  the  members  or  projections 
of  a  kiue.  With  timber  knees,  the  arms  are  usually 
two,  resting  respectively  against  the  beam,  and  the 
ship's  sides.  With  iron  knees,  the  arms  may  be 
more  numerous,  and  may  embrace  other  sides  of  the 
object  to  which  they  appertain. 

3.  {Nautical.)  One  of  the  projecting  members  of 
an  anchor,  terminating  in  a  fluke  or  palm  which 
takes  hold  on  the  ground. 

The  arms  unite  at  the  crown. 
The  throat  is  at  the  junction  of  the  inner  edge  of 
the  arm  with  the  shank. 

The  trend  is  that  part  of  the  shank  reach- 
ing from  the  throai  towards  the  siock^  a  dis- 
tance equal  to  the  length  of  the  arm. 
The  pee  or  bill  is  tlie  point  of  an  arm. 

4.  The  outer  piece  of  an  overshot  watcr- 
I^IL^"  wheel  bucket.  Also  called  the  wrist.  The 
l^|~*N'  inner   piece  is  the  floor  or  bottom.     .See 

Bucket. 

5.  {Vehicles.)  That  part  of  the  axle  which 
passes  through  the  hub  of  the  wheel.  The 
axlc-spindle.  When  of  wood,  it  is  strength- 
ened by  metallic  straps  called  skeins,  and 
sometimes  by  a  conical  sheath  called  a  thini' 
ble-skein. 

In  carriages  it  is  of  iron,  in  continuation 
of  the  iron  axle,  or  it  is  inserted  into  the 
end  of  a  wooden  axle.     See  Axle. 

6.  Of  a  hammer.  The  handle  of  a  trip- 
hammer, which  receives  the  impulse  of  the 
cams. 

7.  Of  a  T^-indmill.  The  beam  which  sup- 
ports a  sail ;  the  sail  itself ;  also  called  a 
whip. 

3.  A  spoke  of  a  gear-wheel. 

9.  An  end  of  a  yard. 

10.  A  weapon;  as,  side-arm,  fire-arm, 
small-arm. 

Arm,  Ar-ti-fi'oial.  Artificial  arms  are  adapted 
for  amputations  alwve  or  below  the  elbow,  respective- 
ly. In  the  fonner  ease  the  movements,  in  tne  most 
perfect  artificial  arms,  are  derived  from  the  motions 
of  the  stump ;  the  backward  motion  of  the  latter  ex- 
tending the  joints  of  the  prosthetic  arm  and  hand, 
and  the  forwaixi  motion  of  the  stump  flexing  the 
said  joints.     These  motions  are  derived  from  bars  or 
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cords  which  connect  the  forearm  to  a  shield  on  the 
shoulder,  as  in  KoelIer*s,  or  to  bands  on  the  body,  as 
in  Condell's  and  in  Uren's. 

In  these  cases  the  upper  ann  consists  of  a  socket 
to  receive  the  stump  of  the  limb,  and  is  secured  by 
straps  to  the  person  with  a  certain  degree  of  riifidity. 
The  anterior  and  posterior  tendons  or  rods  have  a 
firm  attachment  at  or  near  the  shoulder,  pass  along 
or  through  the  upper  section,  and  are  attached  to 
such  points  on  the  forearm  that,  as  one  or  the  other 
is  tightened,  the  forearm  is  flexed  or  extended.  In 
some  cases  the  oscillation  or  the  elbow-articulation 
is  obtained  by  cords  which  have  direct  or  intermediate 
attachment  to  the  forearm,  as  in  Condell's  and  Peter- 
son's ;  in  others  the  cords  or  bars  move  a  toothed 
wheel  which  engages  a  pinion  on  the  elbow  axis 
and  gives  motion  to  the  forearm,  as  in  one  of  Koel- 
ler's. 

The  backward  motion  of  the  stump,  it  will  be 
apparent,  tends  to  strain  the  anterior  tendon,  which 
is  so  connected  to  the  forearm  behind  the  elbow- 
joint  as  to  extend  the'forearm.  The  forward  motion 
of  the  stump  strains  the  posterior  tendon  which 
connects  to  tne  forearm  in  front  of  the  articulation, 
and  thus  flexes  it  as  the  stump  is  moved  forward. 
These  motions  follow  the  natural  ones,  as,  for  instance, 
in  the  act  of  raising  the  hand  to  the  mouth  it  is 
usual  to  oscillate  the  arm  forward  on  the  shoulder  as 
a  pivot,  and  backwardly  as  the  hand  descends.  In 
the  natural  arm  the  pivotal  position  of  the  forearm 
is  varied  so  as  to  cause  the  said  arm  to  swing  in 
an  arc  which  will  bring  the  hand  to  the  required 
place,  say  the  mouth,  for  instance  ;  in  the  aitificial 
arm,  the  motion  on  the  shoulder  is  the  generator  of 
the  motion  on  the  elbow,  and  a  certain  amount  of 
practice  and  adjustment  is  required  to  proportion 
the  parts  so  that  the  consentaneous  action  of  the 
parts  which  produce  the  com^und  motion  may, 
without  apparent  constraint  or  indecision,  land  the 
hand  at  tne  object.  When  the  trunk  of  a  person 
aflbrds  points  of  attachment  for  the  flexor  and  ex- 
tensor straps,  the  motions  of  the  shoulder  itself, 
relatively  to  the  thorax,  and  involving  the  clavicle 
and  scapula,  may  be  made  to  assist  in  executing  the 
motions  required. 


The  primary  motion  of  the  stump  having  been 
communicated  to  the  forearm  by  the  means  described, 
(and  the  special  devices  are  various  and  very  inge- 
nious,) the  motions  of  the  hand  are  derived  from 
that  of  the  fore-arm  by  means  of  tendons,  slides,  or 
other  attachments.  The  construction  will  farther 
appear  when  considering  some  of  the  varieties  of 
aitificial  arms,  though  it  will  not  be  possible  to 
aflbrd  space  for  an  exhaustive  description  even  of 
the  sixteen  patents  which  have  been  selected  and 
are  now  before  the  writer. 

One  class  of  arms  does  not  receive  motion  from 
the  stump,  but  retains  the  position  at  which  it  is  set 
by  the  other  hand,  or  assumes  and  retains  it  by 
swinging  it  in  one  direction  or  the  other  till  it  is 
engaged  by  a  spring  latch.  Drake's,  also  Lindsay 
and  Vance's,  are  illustrations  of  the  former ;  Lincoln's 
of  the  latter. 

To  secure  the  requisite  lightness  and  oflbrd  room 
for  the  operative  devices,  artiiicial  arms  are  made 
hollow.  The  material  is  various,  and  some  patents 
have  been  issued  for  the  use  of  specific  materials, 
such  as  rawhide,  which  has  a  toughness  and  strength 
hardly  to  be  excelled.  Vulcanite,  papier-macn^, 
layers  of  fabric  alternating  with  glue,  veneers,  card- 
board, and  hollow  wooden  blocks  shaped  to  the 
natural  contour,  have  all  been  advocated  and  used. 

The  tubular  form  does  not  always  extend  to  the 
metacarpus,  and  the  fingers  especially  are  frequently 
made  of  solid  jointed  blocks,  with  tendons,  cartilaxpe, 
and  ligaments.  These  prosthetic  parts  perform  tne 
functions  of  their  correlatives,  as  being  tlie  means  of 
motion,  giving  resiliency  to  the  contact  of  the  paHs, 
and  specific  connection  to  the  phalanges.  In  the 
latter  case,  the  hingeing  of  the  parts,  it  must  be  ad- 
mitted that  the  liumau  mechanic  has  assumed  a 
hard  task  in  attempting  to  copy  the  natui-al  articu- 
lations, and.  that  he  has  done  commendably  with  the 
materials  at  hand. 

In  Condell'h  arm  the  loop  appendage  is  a  yoke  of 
webbing  for  the  attachment  of  the  socket  to  the 
stump,  and  for  securing  such  a  rigid  connection  to 
the  body  that  the  three  straps  proceeding  down  the 
humerus  may  be  utilized  when  the  stump  is  moved 
backward,  forward,  or  rotated,  in  pixxincing  extension 


Fig.  830. 


CondeWa  Arti/ieial  Arm. 
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and  flexion  of  the  arm  and  the  forward  motion  of  the 
metacarpus  which  opens  the  phalanges.  The  axis 
moves  with  the  forearm,  and  a  stud  P  thereon  affords 
a  point  of  attachment  for  the  spring  JV,  whose  duty  is 
to  assist  in  extension.  The  straps  1/  L^  are  respec- 
tively attached  to  the  yoke  in  posterior  and  anterior 
positions,  and  to  the  arm  of  the  rock-shaft  L  a,t  F 
and  M  respectively.  The  draft  on  1/  acts  to  flex, 
and  on  i>"  to  extend,  the  forearm,  by  means  of  the 
link  B,  which  is  pivoted  to  the  forearm  anteriorly. 
The  flexor  and  extensor  motions  described  apply  to 
the  forearm,  but  do  not  involve  the  action  of  the 
hand,  the  metacarpus  of  which  is  hinged  by  a 
through  pin  to  the  mid-wrist.  A  post  g  is  perma- 
nently attached  in  the  hollow  of  the  arm,  and  a 
spring  tendon  2t  passes  from  it  to  a  point  on  the 
metacarpus  back  of  its  wrist  articulation,  so  as  to 
oscillate  it  backwardly.  This  spring  being  constant, 
the  normal  position  of  the  metacarpus  is  rearward 
and  the  fingers  and  thumb  closed.  The  relation  of 
the  motion  of  these  to  that  of  the  metacarpus  will  be 
presently  described.  The  forward  motion  of  the  hand 
and  the  opening  of  the  grasp  are  effected  by  a  slight 
rotation  or  the  shoulder,  which  draws  upon  the  strap 
e,  oscillates  the  post  d,  and  by  means  of  the  tendon  e 
draws  forward  the  metacarpus  extending  the  pha- 
langes. 

The  forward  portion  of  the  forearm  is  sleeved 
upon  the  butt  or  wooden  part  in  which  the  post  g 
is  secured.  By  the  partial  rotation  of  the  forward 
portion  the  ulna-radial  motion  is  given  (by  the  oth- 
er hand),  to  vary  the  presentation  of  the  palm  ;  the 
tendons  which  actuate  the  metacarpus  still  main- 
taining the  same  relation,  that  is,  having  their 
points  of  attachment  thereto  at  opposite  sides  of 
the  axis  of  vibration. 

The  frame-piece  m  of  each  finger  is  pivoted  to  a 
point  on  the  metacarpus  i,  and  the  rod  ^t  the  back 
of  the  hand  is  pivoted  to  the  frame-piece  and  also  to 
a  point  on  the  forearm  at  o,  so  that  when  the  meta- 
carpus is  moved,  by  the  means  previously  described, 
the  frame  m  is  oscillated  on  its  pivot,  and  gives  the 
primary  deflection  to  the  finger.  The  second  sec- 
tion of  the  finger-frame  is  pivoted  to  a  point  on  the 
frame  m,  and  is  connected  by  a  link  to  a  stud  per- 
manently attached  to  the  metacarpus  ;  by  this 
means  is  obtained  the  additional  deflection  proper  to 
the  second  phalange.  The  additional  deflection  due 
to  the  third  phalange  is  given  by  a  rod  attached  to 
it  and  to  the  frame-piece  m.  The  same  arrange- 
ment is  adopted  for  each  finger,  and  the  action  of 
the  phalange  is  cumulative,  the  second  and  third 
phalanges  participating  in  the  motion  of  the  first, 
and  having  an  additional  motion  derived  therefrom  ; 
the  third  m  like  manner  participates  in  the  motion 
of  the  second  and  third,  and  has  a  motion  of  its  own 
derived  from  its  predecessors.  The  proportion  of  the 
parts  of  respective  fingers  is  so  regulated  that,  in 
closing,  the  second,  third,  and  small  fingers  receive  a 
gradually  accelerated  motion  in  the  order  stated,  so  as 
to  imitate  the  natural  closure  of  the  hand,  in  which 
the  little  finger  most  nearly  approaches  the  palm  and 
the  others  stand  in  receding  order. 

The  motions  of  the  thumb  are  substantially  equiv- 
alent, being  derived  from  its  diverse  points  of  at- 
tachment to  the  metacarpus  and  to  a  point  on  the 
forearm,  so  as  to  be  closed  by  the  backward  motion 
of  the  former,  and  conversely,  as  already  stated  in 
regard  to  the  phalanges  of  the  fingers. 

In  Fig.  331  the  shoulder-cap  is  the  basis  for  the 
movements  of  the  arm,  forearm,  wrist,  thumb,  and 
fingers.     The  strap  C  is  hinged  to  the  cap  A,  and 
connected  by  a  roa  to  the  ring  L.     The  straps  D  E  j 
of  the  upper  arm  are  also  hinged  to  the  cap  and  the  I 


lower  part  of  the  upper  arm  ;  from  the  ends  of  the 
straps  D  E  proceed  the  slotted  bars  H  N,  to  whose 

Fig.  881. 


Artificial  Arm. 

lower  end  the  forearm  is  pivoted.  The  three 
straps  mentioned  are  the  means  of  suspension  of 
the  arm,  forearm,  and  hand,  and  the  stump  of  the 
natural  arm  within  this  outer  skeleton  is  the  means 
of  imparting  motion  to  the  foi<earm,  wrist,  and 
fingers.  The  ring  L  is  connected  to  the  strap  C^  and 
hinged  to  the  torearm  behind  the  elbow-joint ;  it 
is  guided  in  its  motions  by  the  slotted  bars  H  N, 
sliding  down  the  said  slots  as  the  stump  is  moved 
forward,  and  thereby  thrusting  upon  the  point  of  the 
elbow  and  flexing  the  forearm. 

Pivoted  to  the  bars  H  JVi  near  the  elbow-axis, 
are  the  bifurcated  ends  of  the  wire  Y,  which  actu- 
ates the  fingers  and  thumb,  flexing  them  as  the  ann 
bends,  by  means  of  tension  on  the  tendons  which 
pass  through  the  metacarpus  and  then  diverge  to 
follow  the  phalanges.  By  means  of  the  lever  JT, 
the  spring-dide  6,  and  the  notched  slot,  the  thumb 
and  fingers  can  be  connected  to  or  disconnected  firom 
the  arm  and  forearm,  so  as  to  receive  motion  therefrom, 
or  otherwise  as  may  be  desired.  In  the  rotary  move- 
ment of  the  stump  the  upper  end  of  the  strap  D 
runs  on  a  rod  attached  to  the  shield  A  under  the 
axilla. 

Fig.  332  is  for  amputations  above  the  elbow.  The 
shoulder-joint  is  imitated  by  a  cap  or  collar  and  a 
hoop  which  turns- on  the  collar  by  looped  brackets, 
which  sUde  upon  a  wire  ring  suspended  to  the  lower 
edge  of  the  collar.  The  case  which  holds  the  stump 
is  attached  to  the  hoop  by  a  hinged  joint,  and  turns 
with  it.  The  motions  of  the  stump,  whether  rotary 
or  back  and  forth,  turn  the  hoop,  and  by  means  of  a 
system  of  jointed  levers,  the  fixed  points  of  which 
are  on  the  collar,  and  the  case  for  the  stump,  motion  is 
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Fig.  888. 


Artifieial  Arm. 

communicated  to  a  seg- 
ment-wheel  at  the  elbow- 
joint  to  which  the  levers 
are  attached,  and  this 
wheel,  acting  upon  a  pin- 
ion on  the  foreann,  causes  Jrtifieial  Arm, 
it  to  be  flexed  and  ex- 
tended according  to  the  motions  of  the  stump, 

The  hoop  D  D  sUdes  on  the  collar  of  the  artificial 
shoulder  Ay  the  two  portions  being  bracketed  to 
a  ring  B  between  them.  The  hinge  motion  of  the 
shell  F  of  the  upper  arm  is  effected  by  the  stump, 
and  the  segment-gear  H,  being  linked  posteriorly 
to  the  shoulder-piece,  is  rotated  by  the  motions  of 
the  upper  arm,  which  tighten  or  slacken  the  said 
link-connection  R. 


In  Fig.  333  the  flexion  of  the  forearm  operates 
the  fingers,  and  the  spring  in  the  wrist  tends  to 
close  them.  To  studs  h  on  the  upper  arm  are  at- 
tached  rods  o  o,  which  connect  with  a  sliding  plate 
in  the  wrist,  to  which  the  flexor  rods  w  w  of  the 
fingers  are  attached.  The  elbow  connection  of  the 
rods  0  0  is  in  the  rear  of  the  elbow  articulation  of 
the  limb,  and  the  forward  motion  of  the  forearm 
draws  upon  these  rods  so  as  to  flex  the  fingers 
against  the  force  of  the  spiing  I,  which  assists  in  the 
return  extension. 

In  each  finger  is  an  arrangement  of  rocking  rods 
by  which  a  positive  motion  is  imparted  in  consonance 
with  the  motions  of  the  slide  in  the  wrist.*  The 
fork-holder  is  inserted  in  the  palm  of  the  hand,  and 
consists  of  four  elastic  flaps  which  clasp  the  end  of 
the  fork  handle.  A  certain  amount  of  rotatory  ad- 
justment (by  the  other  hand)  is  pemiitted  to  the 
wrist,  so  as  to  vary  the  presentation  of  the  palm,  in 
imitation  of  that  performed  by  the  ulna-radial  motion. 

Palmer  gives  a  sinuous  course  to  the  flexor 
tendons  of  the  fingers  by  means  of  sheaves,  aud 
opens  the  fingers  by  means  of  extensor  tendons 
antagonizing  the  flexors  by  springs.  The  ball-and- 
socket  wrist-joint  is  held  together  by  cords. 

In  his  foreann,  the  flexor  and  extensor  tendons 
are  similarly  actuated,  but  the  closing  of  the  hand  is 
efiected  by  means  of  a  stiap  to  which  the  flexor  ten- 
dons are  attached.  The  strap  is  clamped  in  the 
flexed  position  when  required. 


Fig.  884. 


Artificial  Arm, 
In  Fig.  334  the  fore  and  upper  arm  are  hinged 


Fig.  886 


Artificial  Arm. 
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together,  and  pi-ovided  internally  with  a  lock-plate 
to  retain  them  in  a  flexed  position  when  required. 
To  release  the  forearm  a  projecting  csCtch  is  touched, 
which  disengages  the  catch-plate,  allowing  the  arm 
to  swing,  lo  fasten  the  forearm  flexed,  it  is  swung 
forward,  when  the  lock  catches  of  itself.  The  hand 
is  secured  on  the  forearm,  and  it  and  the  Angers  are 
rigid  in  a  grasping  position.  The  thumh  shown 
in  the  smaller  figure  has  a  constantly  acting  in- 
ternal spring,  ana  retains  articles  placed  in  the 
grasp  between  the  thumb  and  Angers.  The  hand 
may  be  detached,  and  a  hook  substituted  therefor. 

In  Fig.  335  each  articulation  has  a  ratchet  and 
spring*  pawl  attachment  whereby  any  flexion  impart- 
ed is  maintained  until  freed  by  a  means  which  trips 
the  triggers.  The  forearm  at  the  elbow-joint  has  a 
ratchet,  and  a  spring  pawl  is  pivoted  on  the  upper- 
arm  piece.  By  pressing  on  the  back  of  the  imwi,  the 
latter  is  disengaged  and  the  forearm  freed.  By  the 
other  means  cited,  the  thumb  and  Angers  are  flexed 
80  as  to  gi*asp  an  object,  and  are  maintained  in  their 
bent  positions  by  their  respective  ratchets  and 
pawls.  By  pulling  out  the  button  «,  the  cross-bar  p 
IS  driven  up  and  overturns  the  rods  /,  which  will 
bring  the  fingers  back  to  their  distended  position. 

In  the  above,  the  hand  has  necessarily  been  con- 
sidered in  connection  with  the  arm  which  actuates 
it,  and  in  some  cases  owing  to  its  being  associated 
with  an  arm  of  peculiar  constniction,  although  its 
OAvn  operative  parts  had  no  necessary  connection 
with  that  specific  arm.  For  some  other  varieties  of 
hand  structure,  see  Hand,  Artificial. 

Ar'ma-ment.  A  term  expressing  collectively  all 
the  cannon  and  small-arms,  with  their  equipments, 
belonging  to  a  ship  or  fortification  ;  frequently  ap- 
plied, in  a  more  restricted  sense,  to  theartillery  alone. 

The  armament  of  ships  and  forts  has  undergone  a 
very  great  change  within  the  past  thirty  yearsl. 
About  1840  the  32-pounder  gun  was  most  usually 
employed  both  on  Shore  and  shipboard,  24-poundei-s 
forming  no  inconsiderable  proportion  of  the  armament 
of  our  forts.  8-inch  and  even  10-inch  guns  and  how- 
itzers were,  however,  mounted  to  some  extent  in  the 
more  impoi-tant  seaboard  fortifications. 

The  armament  of  a  line-of-battle  ship  mounting 
eighty-four  guns  consisted  of  tw6nty-two  32-pounders 
of  57  cwt.  and  ten  8-inch  shell-guns  of  63  cwt.  on  each 
of  the  two  gun-decks,  and  twenty  32-pounders  of 
lighter  weight  on  the  spar-deck  ;  that  of  a  50-gun 
frigate  was  similar,  omitting  the  battery  of  one  gun- 
deck.  In  1857  a  40-gun  steam  frigate  was  armed 
with  tw^enty-four  9-inch  guns  on  the  main -deck  and 
fourteen  8-inch  and  two  10-inch  pivot -guns  on  the 
spar-deck  ;  11 -inch  pivot-guns  were  also  introduced 
as  a  part  of  the  armament  of  steam  sloops  and  smiiUer 
vessels. 

Rifled  or  breech-loading  ordnance  was  practically 
unknown.  The  commencement  of  our  late  civil 
war  brought  with  it  the  era  of  15-inch  smooth-bores 
weighing  50,000  pounds,  and  at  or  shortly  after  its 
close  20-inch  guns,  weighing  more  than  100,000  lbs. 
and  carrying  a  ball  of  1,060  lbs.,  had  been  cast.  The 
foixner  of  these  classes  now  forms  the  usual  ai-mament 
of  our  monitors.  Rifled  guns  of  calibers  up  to  10 
inches  (as  the  Parrott  300-pounder)  were  also  intro- 
duced, and  this  size  has  been  exceeded  in  Europe, 
30-ton  Ai-mstrong  breech -loadera,  carrying  a  projec- 
tile of  600  lbs.  weight,  being  now  in  use  in  the 
English  navy,  while  North  Germany  and  other  con- 
tinental nations  are  little,  if  any,  behind  in  this  re- 
spect. In  the  United  States  service  great  reliance 
has  been  placed  on  the  *' smashing'  qualities  of 
round  projectiles  of  lai^  caliber  fired  from  smooth- 
bore guns  when  employed  against  iron-clad  vessels, 


while  the  impression  of  Eiiropean  artillerists  is  that 
they  are  comparatively  inefhcient  in  competition 
with  elongated  projectiles  dischaived  from  rifled 
guns  ;  these  are,  accordingly,  the  only  kind  now  em- 
ployed abroad  on  first-class  war  vessels,  and  appear 
to  have  almost,  if  not  entirely,  superseded  smooth- 
bores, with  the  exception  of  mortars  in  the  armament 
of  fortifications. 

Ar'ma-ture.  A  piece  of  soft  iron  applied  to  a 
loadstone  or  connecting  the  poles  of  a  horseshoe 
magnet. 

In  certain  forms  of  electro-magnetic  instruments  a 
magnetized  armature  is  employed,  which  may  either 
be  a  permanent  magnet  of  steel  or  an  electro-mag- 
net. The  armature  must  have  a  polarization  the 
opposite  of  that  of  the  magnet  ana  by  its  use  the 
recoil-spring  may  be  suppressed. 

Arm  Pile.  A  name  from  the  German.  A  Juind 
file. 

Ar'mU.  An  ancient  astronomical  instrument. 
When  composed  of  one  ring  placed  in  the  plane  of 
the  equator  for  determining  the  time  of  the  equi- 
noxes, it  is  called  an  equinoclial  armil.  A\1ien  of 
two  or  more  rings,  one  in  the  plane  of  the  meridian 
for  observing  the  solstices,  it  is  called  a  solstitial  ar- 
mil. —  Whewell. 

The  equinoctial  armil  of  the  **  Square  Porch  " 
of  Alexandria  is  referred  to  by  Hii)parchus  and 
Ptolemy.  A  solstitial  artnil  is  also  described  by 
Ptolemy  (see  Whewell,  I.  201).  These  armils  are 
divided  into  pirts  of  sixths  of  degrees  (10').  The 
reading  was  stated  in  parts  of  the  circumference. 
Thus,  Eratosthenes  stated  the  interval  between  the 
tropics  to  be  -JJ  of  tlie  circumference.  Ptolemy 
used  a  part  of  a  circle,  a  qiiadrant. 

It  is  supposed  that  Eratosthenes  suggested  to 
Ptolemy  Euergetes  the  construction  of  thelarge  ar- 
miliary  or  fixed  circular  instniments  which  were  long 
in  use  in  Alexandria.  Eratosthenes  of  C}Tene  was 
bom  B.  C.  276,  and  left  Athens  at  the  in\ntation  of 
P.  Euergetes,  who  placed  him  over  the  library  in 
Alexandria,  where  he  remained  till  the  time  of  P. 
Epiphanes  about  B.  C.  196.  He  is  celebrated  for 
his  attempt  to  measure  the  magnitude  of  the  earth. 
He  discovered  the  obliquity  of  the  ecliptic,  which 
he  made  to  be  23*  51'  20".  He  ascertained  that 
Syenein  Upper  Egypt  (lat.  24''10'N.)  was  in  the  tropic, 
a  vertical  gnomon  casting  no  shadow  at  noon  on  the 
day  of  the  summer  solstice,  and  thence  determined 
its  latitude  to  be  equal  to  the  obliquity  of  the  eclip- 
tic. Observations  at  Alexandria  determined  the 
zenith  of  that  place  to  be  distant  -^  part  of  the 
circumference  of  the  earth  from  Syene,  the  are  of 
the  meridian  between  the  tAvo  places  being  equal  to 
7**  12',  which  was  measured  by  the  Ptolemies  and 
found  to  be  500  stadia.  This  gives  roughly  250,000 
stadia  for  the  circumference  of  the  earth.  The 
Olympic  stadium  was  202J  yards.  See  Odom- 
eter. 

Ar'mll-la-ry  Sphere.  An  instniment  to  illus- 
trate the  motions  of  the  heavenly  bodies.  It  was  in- 
vented by  Eratosthenes  about  B.  C.  255,  and  was 
employed  till  the  tii6e  of  Tycho  Brahe,  A.  D.  1682. 
It  was  ordinarily  made  of  brass,  and  disposed  in  such 
a  manner  that  the  greater  and  lesser  circles  of  the 
sphere  are  seen  in  their  natural  position  and  motion. 
It  was  perhaps  the  principal  agent  in  asti-onomical 
observations  in  the  museum  of  Alexandria,  which 
was  founded  by  Ptolemy  Soter,  B.  C.  298,  and  was 
plundered  by  Cyril  A.  D.  415,  who  probably  thought 
the  sphere  was  some  heathenish  machine  for  invok- 
ing the  infernal  gods. 

It  was  used  by  Aristarehus,  who  first  took  the 
heliocentric  view  of  the  solar  system  ;  by  Archimc- 
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(lea,  the  grand  master  of  mechanics,  contempora- 
neously with  the  building  of  the  great  wall  of 
China ;  by  Eratosthenes,  the  originator  of  astronomi- 
cal gec^raphy ;  by  Hipparchus,  the  father  of  mathe- 
matical astronomy;  and  by  Ptolemy,  the  astronomer, 
A.  D.  150,  whose  system  was  accepted  down  to  the 
time  of  Tycho  Brahe,  A.  D.  1582,  and  until  Coper- 
nicus, Kepler,  aud  Galileo  revived  the  true  views  of 
Aristarchus,  the  heliocentric  theory  promulgated 
nearly  two  thousand  years  before. 

Fig.  886. 


ArmUlary  Sphere. 


The  earth. 

Hour  circle. 

North  pole  of  the  heavens. 

Arctic  circle. 

Tropic  of  Cancer. 

Celestial  horizon. 

Celestial  equator. 
g.    Ecliptic. 
h.  Tropic  of  Capricorn. 

Antarctic  circle. 


E. 
a, 
h. 
c. 
d. 


/ 


k.   South  pole  of  the  heavens. 

I.   Solstitial  colure  (summer). 

m.   Solstitial  colure  (winter). 

The  armillary  sphere  consists  of  a  frame  with 
a  horizon  on  which  are  represented  the  860^  the  re- 
gion of  the  heavens,  the  calendar,  and  the  hight  of 
the  sun  for  every  day  in  the  year.  Two  notcnes  in 
the  horizontal  circle,  and  corresponding  to  its  north 
and  south  points,  receive  the  fixed  meridian,  whose 
plane  is  perpendicular  to,  and  center  coincident 
with,  that  of  the  horizontal  circle.  Within  this  me- 
ridian the  other  circles,  as  well  as  the  small  terres- 
trial globe,  may  all  be  rotated  together  on  the  com- 
mon axis  of  the  heavens  and  earth.  The  meridian 
can  be  moved  in  ita  notches,  still  retaining  its  verti- 
cal plane,  and  in  this  manner  the  general  axis  may 
be  placed  at  various  angular  distances  with  the  ho- 
rizon. The  center  of  tne  small  terrestrial  globe  is 
coincident  with  that  of  the  general  armillary  sphere. 
The  hour  circle  is  fastened  to  the  north  pole  of  the 


fixed  meridian,  and  has  a  movable  index,  which  when 
fastened  revolves  with  the  axis.  It  is  still  used 
in  demonstrathig  astronomical  problems. 

The  armillary  sphere  of  the  Hindu  astronomers  is 
described  in  the  Sanscrit  treatise^  **S<irya-8idd- 
h&nta,"  translated  by  Rev.  E.  Bui^ess,  and  pub- 
lished in  the  Journal  of  the  American  Oriental  Society, 
Vol.  VI.  pp.  141  -498,  New  Haven,  1860.  The  in- 
strument was  illustrative  of  the  positions  and  motions 
of  the  heavenly  bodies,  rather  than  for  astronomical 
observations ;  in  this  respect  differing  from  the 
Greek,  Arab,  and  early  European  instruments. 

Arm'ing.  {Nautical. )  A  plug  of  tallow  in  the 
hollow  at  the  bottom  of  a  souifding  lead,  to  bring 
up  sand,  minute  shells,  infusoriae,  etc.,  from  the  bot- 
tom. 

Arm'ing-press.  {Bookbinding.)  A  screw  press 
having  a  platen  heated  by  gas-jets,  and  serving  to 
fix  the  gold-leaf  upon  the  book-covers  upon  which 
it  is  impressed.    See  Block i no- rRESs. 

Armlet.  A  clasp  or  loop  for  confining  the  sleeve 
to  the  upper  portion  of  the  arm.  Used  to  loop  up 
the  short  sleeve  of  children's  dresses. 

A  protecting  sleeve  of  leather  or  metal,  worn  on 
the  forearm,  and  used  as  a  shield  for  the  arm  or  as 
a  covering  for  that  portion  of  the  coat-sleeve. 

Ar'mo-rer'B  Gage.  For  verifying  the  dimen- 
sions of  the  various  parts  of  small-arms  are  templets 
of  various  sizes  and  shapes,  rings,  and  cylindrical 
or  conical  gages  for  interior  dimensions.  200  are 
embraced  in  a  complete  set  for  the  various  arms 
made  at  the  Government  armory,  of  which  about  78 
are  used  for  the  rifle-musket  alone. 

Of  these,  the  caliber  ga-ge  measures  the  diameter  of 
the  bore. 

The  dimension  gages  show  the  length  of  the  barrel 
and  its  diameter  at  various  distances,  the  value  in 
inches  and  parts  being  measured  by  the  caliper  gage. 

Other  gages  measure  the  proper  dimensions  of  the 
breech-screw  and  its  thread,  and  those  of  the  counter- 
bore  of  the  barrel  which  receives  it  ;  others,  again, 
the  form,  dimensions,  and  position  of  the  sights. 

A  separate  gage  is  required  for  the  lock-plate,  and 
for  eacn  separate  part  of  which  the  lock  is  composed  ; 
as  the  mainspring  gage,  sear  gage,  bridle  gage,  tum- 
bler gage,  hammer  gage,  etc.  ;  also  gages  for  the  vari- 
ous dimensions  of  the  stock,  of  the  bayonet,  and  of 
each  of  the  appendages  which  accompany  the  gun. 

The  number  of  200,  above  given,  might  be  swelled 
to  several  thousand,  by  including  those  requii-ed  for 
inspecting  the  various  carbines  and  pistols  made  by 
different  parties  for  the  United  States  government ; 
all  which  were  made  so  that  the  parts  of  the  same 
kind  might  be  interchanged. 

Ar'mor,  Per'aon-aL  Defensive  clothing  or  cov- 
ering  for  the  body  in  battle. 

Scale  and  chain  annor  were  common  among  the 
old  Egyptians  (time  of  Rameses  III.)  and  Assyrians, 
also  among  the  Persians  and  Romans.  Dr.  Abbott's 
collection  in  New  York  contains  the  iron  helmet  and 
scale  armor  of  Sheshonk,  or  Shishak,  the  king  of 
Egypt  who  overthrew  Rehoboam,  seven  years  after 
the  de^th  of  Solomon.  The  scales  are  the  shape  of 
the  Egyptian  shield  round  end  downward,  and  some 
of  them  are  marked  with  the  cartouche  of  the  king. 

The  Sarmatians  wore  scale  armor  of  pieces  of  horn 
or  horse-hoofs  fastened  to  a  linen  doublet. 

Goliath  was  armed  with  a  coat  of  mail  (1  Samuel 
xvii).  It  is  frequently  spoken  of  by  Homer.  De- 
metrius, son  of  Antigonus,  had  a  coat  of  mail  made 
of  Cyprian  adamant  (perhaps  steel).  Cypnis  was  • 
famous  for  its  armor.  The  ancient  Sc3rthians  had 
armor  composed  of  horse's  hoofs  curiously  strung  and 
jointed   together.       Hengist  the   Saxon   had  scale 
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armor  A.  D.  449,  and  King  John  of  England  pos- 
sessed a  hauberk  of  rings  set  edgewise,  1200.  The 
cavaliy  of  Heniy  IIL  had  coats  of  mail.  Henry 
VIL  had  a  steel  cuirass,  1500.  Since  the  intro- 
duction of  fire-arms  the  use  of  armor  has  been 
gradually  discontinued,  and  it  is  now  confined  to 
the  heavy  cavalry  or  cuirassiers  of  European  armies. 
As  worn  at  present,  it  generally  consists  of  a  helmet 
of  brass  strengthened  with  steel,  and  a  cuirass  com- 
posed of  a  front  piece,  or  breast-plate,  and  a  back 
piece  strongly  laced  or  buckled  together.  The  suc- 
cess of  the  French  cuirassiers  in  the  famous  cavalry 
combat  at  Eckmuhl,  1809,  was  in  a  large  degree 
owing  to  their  wearing  complete  cuirasses,  wnile 
the  Austrians  wei-e  only  provided  with  breast- 
plates. 

For  illustrations  and  descriptions  see  Frost's  Pic- 
torial Histories,  and  the  Iconographic  Encyclopcedia. 

Of  ancient  armor  some  remarkable  examples  are  to 
be  found  in  the  tribolites  of  the  Silurian  age,  "a 
family  in  whose  nicely  jointed  shells  the  armorer  of 
the  Middle  Ages  might  have  found  almost  all  the 
contrivances  of  his  craft  anticipated,  with  not  a  few, 
besides,  which  he  had  failed  to  discover.  They  were 
covered  over,  back  and  head,  with  the  most  exqui- 
sitely constructed  plate-armor  ;  but  as  their  abdo- 
mens seem  to  have  been  soft  and  defenceless,  they 
had  the  ability  of  coiling  themselves  round  on  the 
approach  of  danger,  plate  moving  on  plate  with  the 
nicest  adjustment,  till  the  rim  of  tne  armed  tail 
rested  on  that  of  the  armed  head,  and  the  creature 
presented  the  appearance  of  a  ball  defended  at  every 
point.  In  some  genera,  as  in  Calymene,  the  tail 
consisted  of  jointed  segments  till  its  termination  ; 
in  othera,  as  in  Illanus,  there  was  a  great  caudal 
shield,  that  in  size  and  form  corresponded  to  the 
shield  which  covered  the  head  ;  the  segments  of 
Calymene,  from  the  flexibility  of  their  joint-s,  fitted 
close  to  the  cerebral  rim  ;  while  the  same  effect  was 
produced  in  the  inflexible  shields,  caudal  and 
cephalic,  of  Illtenus,  by  their  exact  coiTespondencc, 
and  the  flexibility  of  the  connecting  rings,  which 
enabled  them  to  fit  together  like  two  equal-sized 
cymbals  brought  into  contact  at  every  point  by  the 
hind."  —  Hugh  Miller. 

Ar'mor-plat'ed  Ves'BeL  A  vessel  whose  ex- 
posed portions  are  protected  by  iron  plates.  The 
Elating  reaches  a  certain  distance  below  the  water- 
ne  when  in  fighting  tiim.     Sec  Ai{mor-platixg. 

Ar'mor-plates,  Ham'mer-ing  and  Roll'ing. 
Armor-plates  may  be  either  hammered  or  rolled. 
"When  it  is  desired  that  the  armor  shall  be  of  one 
thickness  of  stout  plate  of  from  four  to  six  inches, 
hammered  iron  seems  to  be  prefemble  on  account  of 
the  increased  tenacity  conferred  upon  the  plate  by 
the  closer  interlacing  and  condensation  by  this  pro- 
cess. Owing  principally,  however,  to  the  greater 
rapidity  with  which  rolled  plates  can  be  manu- 
factured, and  the  facility  with  which  they  can  be 
laid  together  and  boltwi  so  as  to  constitute  ar- 
mor of  any  required  thickness,  and  the  ease  with 
which  a  damaged  plate  can  be  replaced,  the  rolling 
process  has  been  more  generally  resorted  to  in  this 
country,  Hammered-iron  plates  are  made  from 
"  blooms,"  wliich  may  be  procured  from  the  forge, 
or  preferably  made  at  the  works  where  the  plate  is 
forged.  Any  description  of  good  scrap  >vrought-iron 
will  answer  for  tljis  purpose,  as  it  is  soon  converted 
into  one  homogeneous  mass  under  the  steam-hammer. 
The  scraps  are  piled  into  "fagots"  of  convenient 
size,  and  placed  in  the  furnace.  After  reaching  a 
welding  heat,  they  are  taken  from  the  furnace  by 
touf^  suspended  from  a  chain,  and  laid  upon  an 
anvil  under  tl»e  steam-hammer.     By  the  first  blow 


of  the  hammer  an  iron  rod,  one  end  of  which  is  held 
by  a  workman,  is  welded  into  the  fa^t  for  the  pur- 

Cof  turning  and  manipulating  it  while  being 
mered.  A  very  few  minutes'  pounding  by  the 
heavy  hammer  sufiices  to  bring  the  mass  into  the 
bloom  shape,  —  a  bar  of  homogeneous  iron  some  four 
or  five  feet  in  length  and  six  inches  thick  ;  when 
sufficiently  hammered,  the  handle  is  cut  off,  and  the 
bloom  is  ready  to  take  its  place  in  combination  with 
others  in  the  formation  of  a  plate.  In  this  operation 
a  lon^  and  stout  bar  of  round  iron,  flattened  at  one 
end,  is  used  for  supporting  the  pile,  which  is  com- 
posed of  several  layers  of  blooms  laid  in  tiers  one 
upon  the  other  transversely  ;  these  are  placed  in  the 
furnace  upon  the  flattened  end  of  the  above  bar, 
which  is  suspended  near  its  mid  length  from  a  crane, 
and  is  clasped  by  tongs  or  handles  to  enable  the 
workmen  to  turn  and  move  the  mass  as  desired ; 
when  sufficiently  heated  for  welding,  which  requires 
several  hours,  the  pile  is  drawn  from  the  furnace, 
swung  round  and  placed  upon  the  anvil  by  the 
crane  assisted  by  the  handles  neld  by  the  workmen, 
and  subjected  to  the  action  of  the  hammer. 

When  the  blooms  are  thoroughly  welded  and  the 
pile  drawn  down  to  about  the  required  width  and 
thickness  of  the  plate,  another  pile  of  blooms  isadded, 
welded  on  to  its  end,  and  the  operation  thus  con- 
tinued until  the  desired  length  is  attained.  When 
this  operation  is  completed,  the  plate  is  again  heated 
and  passed  under  the  hammer,  water  being  thrown 
upon  it  as  it  is  advanced  forward,  which  assists  in 
removing  scale  and  cleaning  and  smoothing  the 
plate  ;  these  are  then  drilled  to  receiving  the  bolts 
tor  fastening  them  into  position  on  the  ship,  and 
afterward  bent  to  the  required  curve. 

The  operation  of  rolling  the  larger  description  of 
armor-plates  involves  a  number  of  appliances  not 
usual  in  ordinary  rolling-mills.  The  mass  of  iron, 
being  heated  in  the  furnace,  is  drawn  thence  by 
chains  attached  to  the  steam-rollers  and  received  hy 
a  wrought-iron  car.  The  forceps  being  detached 
and  the  chains  clear  from  the  rolls,  the  car  is  ad- 
vanced to  the  head  of  the  incline,  which  it  then 
traverses  by  its  own  weight,  and  lands  the  edge  of 
the  plate  into  the  grip  of  the  rotating  rolls.  The 
plate  is  received  on  the  other  side  of  the  rolls  by  an- 
other wrought-iron  truck.  Tlie  rollers  being  set 
nearer  to  each  other  by  about  an  inch,  their  mo- 
tion is  reversed,  the  plate  landed  into  their  grip,  and 
carried  through  to  the  other  side.  This  is  repeated 
again  and  again,  setting  the  rollers  closer  between 
each  operation,  until  the  required  dimensions  are 
obtained.  Sand  is  thrown  on  the  plate  from  time 
to  time,  and  water,  which  detaches  the  scale  of  oxide. 
This  is  removed  by  scrapers!  The  plate,  bein^  then 
laid  upon  the  floor,  is  subjected  to  the  action  of 
15- ton  rollers,  which  levels  and  smooths  the  sur- 
face. The  dimensions  here  stated  refer  to  the  appa- 
ratus used  in  rolling  a  15-inch  armor-plate  in  Eng- 
land. 

Ar'mor-plat'ing.  The  application  of  iron  ifor 
this  purpose  is  of  very  modem  origin.  Cast-iron 
plates  had  been  proposed  long  before  as  a  revetment 
or  facing  for  fortifications ;  but  this  material  was  soon 
found  unsuitable,  on  account  of  its  brittleness,  and 
consequent  liability  to  be  fractured  by  shot. 

Iron  armor  was  suggested  in  the  United  States  in 
1812,  in  France  in  1821,  and  was  experimented 
upon  in  England  in  1827  at  the  su^nrestion  of  Gen- 
eral Ford,  who  proposed  to  protect  fortifications  l^ 
wrought-iron  bars. 

Gregg's  United  States  patent,  March,  1814,  was  an 
iron -clad  bomb-proof  steam  vessel,  and  will  be  no- 
ticed presently. 
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The  first  practical  use  of  wrought-iron  plates  as  a 
defense  for  the  sides  of  vessels  appears  to  nave  been 
made  by  the  French  during  the  Crimean  war. 
These  vessels,  —  floating  batteries,  as  they  were 
termed,  — though  they  seem  to  have  had  sufficient  sea- 
going qualities  to  enable  them  to  navigate  the  Medi- 
terranean and  Black  Sea,  were  of  light  draft  and  ex- 
posed very  little  surface  above  water  ;  they  rendered 
very  efficient  service,  especially  at  the  bombardment 
of  Kinburn,  in  1855,  and  their  success  probably  led 
to  the  adoption  by  the  French  government  of  armor- 
plating  on  a  much  more  extended  scale ;  *'  La  Gloire," 
launched  in  1859  or  1860,  having  been  the  first  large 
iron-plated  ship  afloat.  Her  armor  consisted  of 
4J-inch  rolled-iron  plates,  supported  by  a  backing 
of  wood  some  three  feet  in  thickness. 

England,  with  the  determination  not  to  be  be- 
hind her  Continental  neighbor,  commenced  the  con- 
struction of  iron-clads  immediately  afterward.  The 
most  noted  of  those  first  built  in  England  was  the 
*  *  Warrioi, "  whose  armor  was  of  4  J-inch  plates,  backed 
by  and  bolted  on  to  18 
Fi^.  887.  inches  of  teak  wood  ; 

the  plating,  however, 
merely  covered  the 
midship  portion  of  the 
vessel  for  some  200  feet, 
^leaving  a  large  space 
both  at  the  bow  and 
stem  of  the  vessel  un- 
protected. 

Another  class  of  iron- 
clads in  the  British 
Navy,  represented  by 
I  the  **  Royal  Oak,"  were 
wooden  ships  of  the 
line,  not  originally  in- 
'  tended  for  carrying  ar- 
Section  "  Warrior^s "  Armor,  mor,  but  which  have 
been  covered  with  44- 
inch  iron  plates  bolted  on  to  their  wooden  hull. 
In  one  respect  they  have  the  advantage  of  the  **  War- 
rior," their  sides  being  completely  mailed  from  stem 
to  stern,  asare  thoseof  "LaGloire."  The  * 'Minotaur," 
and  others  of  her  class,  were  originally  constructed 
to  receive  plating.  They  are  of  verv  large  size,  about 
6,650  tons,  and  are  also  completely  protected,  the 
plating  extending  throughout  their  entire  length,  and 
to  a  depth  of  several  feet  below  the  water-line  ;  it  is 
similar  to  that  of  the  **  Warrior,"  from  4i  to  5^  inches 
thick,  having,  however,  a  wooden  backing  of  but  9 
inches,  which  is  said  to  be,  and  no  doubt  is,  too 

thin  to  insure   the 


Fig.  888. 


'Hercules^ 


great  rigidity  re- 
quired. 

The  armor  adopt- 
ed for  the  ''Her- 
cules," which  was 
another  typical  form 
of  English  iron- 
plating,  consists  of 
an  outer  plating  of 
rolled  iron  8  inches 
thick,  inside  of 
which  is  12  inches 
of  wood,  1^  inches  of 
iron,  and  26  inches 
of  wood,  in  the  or- 
der named,  and  an 
interior  iron  lin- 
ing. 

Mr.  Chalmers's 
system,  for  which 
he  claims  very  su- 


Fi«.  ax). 


perior  efficiency  and 
strength,  is  repre- 
sented in  the  an- 
nexed figure ;  it  is 
composed  of  alter- 
nate layers  of  iron 
and  wood,  the  out- 
er iron  plating  be- 
ing strengthened  by 
horizontal  plates 
interposed  between 
the  beams  of  the  out- 
er layer  of  wood. 

This  armor  has 
been  severely  tested 
in  England,  and  is 
reported  to  have 
given  very  gooil  re- 
sults. 

It  is  understood  that  the  "Palisser"  bolt,  in 
which  the  shank  is  reduced  to  the  same  diameter  as 
that  of  the  smallest  part  of  the  thread,  is  now  used 
for  fastening  armor-plates  in  the  British  navy. 

The  subject  received  very  early  attention  in  this 
country,  and  as  early  as  March,  1814,  a  **  Ball-proof 
Vessel "  was  patented  by  Thomas  Gregg,  of  Fayette 
Co.,  Pennsylvania*  The  design  enibraced  a  flat 
upper  deck,  from  which  the  sides  and  ends  sloped 
outwardly  to  the  water-line,  where  the  upper  part 
of  the  vessel  was  very  broad,  overhanging  the  sub- 
merged portion  and  protecting  the  rudder  and 
means  of^  propulsion.  The  gun-deck  was  nearly 
level  with  the  water-line,  and  ports  were  cut  in  the 
sloping  sides.      The  external  appearance   of   this 

Fig.  840. 


Chalmerses. 


Gregg*  $  Ball-proof  Vessel. 

floating  battery  seems  to  have  been  very  similar  to 
that  of  the  confederate '  *  Virginia, "  formerly  the  * '  Mer- 
rimac, ' '  or  some  of  our  Western  iron-clads.  Copper  or 
iron  was  proposed  as  a  covering  for  the  exposed  por- 
tion. It  does  not  appear  that  a  vessel  was  ever  ac- 
tually  constnicted  on  Gregg's  plan,  but  the  invention 
is  interesting  as  emboilying  some  of  the  features 
which  were  afterwards  adopted  by  both  North  and 
South  during  the  emergencies  of  our  late  war,  and 
as  showing  that  only  some  seven  years  after  the  first 
successful  application  of  steam  as  a  motive-power  for 
vessels,  it  was  proposed  to  employ  it  as  a  means  of 
propulsion  for  iron -clad  floating  batteries. 

In  1842  the  late  R.  L.  Stevens  commenced  at 
New  York  the  construction  of  an  iron-clad  war- 
vessel,  under  an  agreement  with  the  government, 
which  seems  to  have  never  l>een  completed. 
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This  vessel,  it  is  understood,  was  intended  for 
speed,  her  lines  being  very  sharp.  Her  dimensions 
have  been  stated  as  follows  :  — 


Extreme  length     . 

420  feet. 

Beam       .... 

52    " 

Depth  from  fighting-deck 
Draft  with  coal  and  stores 

•   28    ** 
20    **   6  inches. 

Fighting-draft      . 

.  22    "    6      " 

She  is  provided  with  compartments  into  which 
water  is  admitted  upon  going  into  action,  so  as  to 
sink  her  two  feet  deeper  in  the  water,  thus  leaving 
a  lesser  exposed  surface.  These  compartments  may 
be  rapidly  emptied  by  steam-pumps.  The  side 
armor  extends  outside  of  the  null  from  stem  to 
stem  to  a  distance  of  four  feet  below  the  line  of 
fighting  draft,  and  is  plated  with  3^-inch  iron. 
The  armor  of  the  casemate,  which  is  sloping  and 
has  a  shot-proof  deck,  is  composed  of  6^-inch  plating 
backed  bv  14  inches  of  locust  timber,  in  which  are 
imbedded  6- inch  wrought-iron  beams  at  distances  of 
two  feet  fi-om  each  other.  The  upper  deck  is  of 
1 A -inch  iron  plates  resting  on  6-inch  wrought-iron 
girders,  filled  in  with  timber  and  lined  with  ^-inch 
iron  plate.  The  guns  are  to  be  used  en  barbette 
upon  the  top  of  the  casemate,  and  are  to  be  loaded  from 
below,  by  machinery,  through  holes  in  the  deck  ;  they 
are  ])ointed  from  within,  and  by  means  of  a  grad- 
uated index  within  the  casemate  each  gun  may  be 
broughtto  bear  simultaneously  on  the  same  object. 

Captain  Ericsson  designed  the  Monitor  class  of 
vessels  in  1854,  though  the  idea  seems  to  have  lain 
dormant  till  the  times  were  propitious.  The  **  Mon- 
itor" attacked  the  **  Merrimac*'  March  9,  1862,  and. 
on  the  11th  of  May  following,  the  latter  comraittecl 
suicide.  The  revolving  turret  was  invented  by  T.  R. 
Timby,  and  was  patented  by  him  in  1862.  Captain 
Coles  introduced  a  modirtcation  into  the  British 
navy,  and  was  lost  when  the  ill-fat«d  double-turreted 
"  Captain  "  foundered  off  Cape  Finisterre,  July,  1870. 
The  ** Captain"  liad  two  large  turrets  placed  amid- 
ships, in  each  of  which  were  mounted  two  25-ton 
rifled  guns,  throwing  solid  donated  projectiles  of 
600  pounds,  or  shells  of  proportionate  weight.  In 
t\>e  forecastle  and  poop  were  two  or  three  guns  of 
smaller  caliber.  The  thickness  of  her  plating  varied 
from  six  to  ten  inches.  She  was  full-riggeil,  had 
two  independent  screws,  engines  of  extraordinary 
power,  steering  apparatus  of  curious  perfection,  and 
a  picked  crew  of  500  men. 

The  original  "Monitor"'  foundered  off  Cape  Hat- 
teras  with  all  on  board. 

Th^re  are  now  54  irop-clad  monitors  in  the  United 
States  service.  The  plating  of  the  deck  and  over- 
hanging poition  of  the  hull  usually  consists  of  five 
1-inch  iron  plates,  backed  hy  and  bolted  on  to  a 
wooden  backing  some  three  or  more  feet 
in  thickness.  The  revolving  turret  is  com- 
posed of  elev(m  similar  plates,  firmly  bolted 
together,  and  so  arranged  as  to  break  joints. 
As  might  naturally  be  supposed,  the  late 
war  was  fertile  in  the  production  of  de- 
vi«;  -3  for  tlie  protection  of  war  vessels,  dis- 
playing more  or  less  inge- 
nuity and  adaptability  to  that 
object.  In  the  first  and  most 
numerous  class  of  these,  so- 
lidity and  strength,  derived 
from  the  arrangement  of  the 
plates  and  the  manner  of  fas- 
tening and  backing  them, 
were  principally  taken  into 
consideration  ;  while  in  the 
s<M>.ond   it   was    pro|K)sed    to 


deaden  the  force  of  a  ball  striking  the  armor  by 
giving  the  latter  a  considerable  degree  of  elas- 
ticity or  resiliency,  allowing  it  to  yield  and  after- 
ward return  to  its  normal  position.  Some  ex- 
amples of  each  of  these  classes  will  be  given,  as 
illustrating  the  different  modes  proposed  in  order  to 
arrive  at  the  same  result.  These  are  arranged 
according  to  the  dates  of  the  patents.  Among  the 
first  was  that  of  F. 


COMTEHSE,  April  22, 
1861,  who  proposed 
to  employ  convex 
rounded  shields,  par- 
tially overlapping 
each  other,  attached 
to  the  sides  of  the  ves- 
sel by  loops  and  eye- 
bolts,  for  the  purpose 
of  causing  the  ball  to 
glance  off  upon  strik- 
ing. 

Warden's  patent, 
Febi-uary  25,  1862,  vt- 
embraces  a  wrou^jht-  L* 
iron  lattice  framing, 
in  and  upon  which 


Fljc.d42. 


^v>»^<  r//^  iiit  v^^--4<^: 


Warden'' $  Armor- PUuing. 


Fig.  848. 


igh.A   f^. 


an  iron  body  is  cast,  so  that,  the  latter  being  frac- 
tured, the  pieces  would  still  maintain  their  places, 
and  protect,  or  par- 
tially so,  the  side  of 
the  ship. 

JuNEs's  Defensive 
Armor  for  Land  and 
"Water  Batteries, 
April  15,  1862. 
In  this  invention 
the  armor-plates  have 
edge  and  intermedi- 


U 


^3fcjrc3t?.-feU- 


Joneses  Irmor'PtaUng. 


ate  flanges,  and  are  placed  in  two  tiers  having  interme- 
diate cushions  „,  ,j^ 
between  them  ;  '^'  ^**** 
they  rest 
against  founda- 
tion •  cijshions, 
the  whole  be- 
ing bolted  to- 
gether and  to 
the  casemate  or 
side  of  the  ves- 
sel by  bolts, 
which  are  pro- 
vided with  elas- 
tic  washer- 
cushions. 

Callender 
AND      North - 


OaUender  and  NortkntpU  Armor. 


Fig.  845 


Fig.  841 


BnMarcTs  Armor 
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BUP's  Defensive.  Araior,  May  27,  1862,  is  composed 
of  ribbed  plates  which  are  fastened  to  interior  con- 
cave stringers  by  bolts  passing  through  the  strinsers 
and  into  metallic  tubes  between  them  ;  each  plate 
has  a  lap  at  its  edge  to  fit  the  con*esponding  edge 
of  the  next  plate,  to  which  it  is  riveted.  The  nuts 
are  on  the  outside. 

Ballard's  armor,  June  24,  1862,  consists  of  a 
series  of  inner  iron  ribs  A  A,  with  interposed 
wooden  frames  B  B,  longitudinal  covering  bara  or 
plates  C  C,  diagonal  bars  or  plates  D  £,  and  outer 
covering  plates  F  F. 

Fig.  846. 


HotehkUs^s  Armor. 

HoTCHKiss's    "Metallic   Defensive   Armor"   for 
vessels  and  fortifications  is  formed  by  a  series  of 
plates,  in  which  the  lower  ones  over 
Fig.  847.      lap  the  higher,  so  that  when  any  one 
of  them  is  struck  by  a  projectile,  the 
projecting  edge  may  become  detached, 
<^  glancing  the  shot  on  to  the  next  plate, 
by  which  it  is  further  deflectea  and 
prevented  from  penetrating  the  armor. 
;i^   The  cut  represents  the  action  of  a  cy- 
^    lindrical  bolt  whose  edge  has  impinged 
upon  one  of  the  lapping  plates ;   the 
dotted  lines  show  tne  bolt  in  a  subse- 
quent position,  in   contact  with  the 
piece  01  armor-plate  which  it  has  re- 
moved, and  glancing  upon  the  succes- 
sive plates. 

Wood's  armor,  September  23,  1862, 
uj  comprises  sets  of  inner  and  outer  plates, 
the  fonjier  secured  to  the  vessel  by 
^  bolts  whose  heads  are  covered  by  the 
^  latter,  each  plate  in  the  one  set  having 
^   a  rib  which   fits  between   ribs  on  a 

•  plate  of  the  other  set,  the  two  plates 

WootPs  Armor,  oeing  connected  together  by  pins  pass- 
ing vertically  through  the  ribs.     Lon- 
^tudinal  spaces  are  left  at   intervals  between  the 
inner  and  outer  plates  for  the  introduction  of  wood 
or  an  equivalent  material. 

Babbitt's  armor- plating,  January  13,  1863,  for 
ships  or  batteries,  is  composed  of  wedge-shaijed  bars 
laid  crosswise  to  two  other  sets  of  bars,  the  whole  be- 
ing dovetailed  together  and  filled  in  with  cast  metal. 
Montgomery's  armor,  February  10,  1863,  de- 
pends much  upon  its  resiliency  to  resist  the  im- 
pact of  projectiles.  The  outer  plates  are  notched 
into  eacn  other,  and  fastened  together  and  to  a 
corrugated  plate  by  a  rod.  This  corrugated 
plate  rests  agaii^t  the  outer  casing,  between  which 


and « the  inner 
casing  are  cyl- 
inder of  vul- 
canized rubber 
placed  perpen- 
dicularly to  the 
casings,  the 
whole  being  bolt- 
ed together. 

Brady's  meth- 
od of  "  Afiixing 
defensive  Armor- 
Plates,"  March 
3,  1863,  is  bv  at- 
taching  tnem 
edgewise  to  the 
object  to  be  pro- 
tected, and  se- 
curing them  by 
means  of  bolts, 
whose  ends  pass 
into  cavities  in 
the  inner  edges 
of  the  plates,  and 
are  made  fast  by 
being  enlarged 
thei-ein,    or    by 


Fig.  848. 


BedtbiWs  Armor-Plating. 


being  intersected   by  transverse  apertures  through 
which  pins  or  keys  may  be  passed. 

In     Wap- 
pich's     sys-  ^-  849. 

tem,  March 
3,  1863,  the 
outer  plates 
have  projec- 
tions ])assing 
through  the 
hull  and  in- 
terior plat- 
ing, where 

they      are  Montgomery's  Armor. 

keyed  ;   each 

outer  plate  has  also  projections  or  lugs  k,  entering 
the  casing  d  to  a.  certain  distance,   and  receiving 


Fig.  8S0. 


Fig.  851. 


Brady^t  Armor-Plating. 

the    bolts   /,    which   are 
keyed    to     the    interior 

Slate  :  it  has  also  notched 
anges,  or  bent  ends,  pass- 
ing into  the  casing  ;  these 
are  emj)loyed  to  bind  the 
ends  of  the  plates  to- 
gether, and  increase  the 
stAbility  of  the  armor. 
The  outer  adjoining  edges 
of  the  plates  are  grooved 
for  the  insertion  of  india- 
rubber  strips,  as  at  m,  for  making  the  joints  water- 
tight.    The  port-holes   are   strengthened    by   iron 
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Fig.  862.  plates  o,  extending  around 

their  edges,  and  also  by  an 
encircling  frame  or  ring  r, 
between  tlie  inner  and  out- 
er plating.  Each  plate  may 
be  so  arranged  as  to  be 
pushed  out,  upon  removing 
the  keys  h,  and  others 
substituted.  This  system 
of  plating  is  designed  for 
circular  turrets,  as  well  as 
for  plain  or  slightly  curved 
surfaces. 

T  IT  F  T  s  *  8  Construction 
and  Defence  of  War  Vessels, 
March  24,  1863.  The  sides 
of  the  vessel  are  recessed  by 
bending  inward  the  frame 
and  thA  plating  thereon, 
thus  maintaining  the  sym- 
meti-y  of  the  outward  form. 
Recesses  are  made  in  the 
sides,  in  which  the  fixtures 
m  m  are  secured,  having 
eyes  into  which  screw-bolts 
f  f  Are  hooked.  These 
screw-bolts  pass  through 
the  casing  to  the  outside 
of  the  straps  g,  where  they 
screw  into  nuts. 

Eads's  Defensive  Ai-mor 
for  Marine  and  other  Bat- 
teries, July  14,  1863,  con- 
T^i^^t  Armor.  sists  of  inner  angle-irons, 

the  flanges  of  which  pass 
between  the  horizontal  layera  of  armor-plates.  Dow- 
el-pins, inserted  in  holes  in  the  flanges,  enter  the 

Fig.  868. 


Fig.  8M. 


Fig.  865. 
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layers  of  armor-plating  above  and  below  them,  thus 
binding  the  whole  together.  The  plates  are  so  ar- 
ranged as  to  break  joints. 

TwiNiNo's  **  Means  of  Checking  and  Resisting 
Missiles,"  July  28,  1863,  embraces  an  arrangement 
of  successive  plates  or  layers  with  successive  inter- 
vals between,  and  with  lugs,  angle-irons,  or  projec- 
tions, when  necessaiy  ;  the  mode  of  constructing 
the  successive  layers  and  spaces  between  is  by 
bending  forward  and  back  a  single  plate,  or  several 
plates  in  layers,  from  the  outside  to  the  inside,  the 
plates  being  bolted  together  occasionally  at  their 
contacting  portions. 

The   arrangement  of  Dimpfkl's  armor,  Aug.   4, 


T^ining^s  Armor. 

1863,  will  be  readily  un-  Di„,pfeVs  Armor. 

derstood   by  reference  to 

the  cut.    The  ends  of  one  series  of  plates  are  let  into 
grooves  of  a  transverse  set  of  T-iron  plates,  which 

Fig.  866. 


CaudweWs  Armor. 


are  bolted  to  the  Kicking, 
cation  to  either  land 
or  marine  batteries. 
Cat*  D well's  Con- 
struction of  Ships  of 
War.  This  invention 
was  iMitonted  in  Eng- 
land April  10,  1863  ; 
in  the  United  States, 
Januaiy  19,  1864. 
The  design  embraces 
a  corrugated  iron- 
plated  roof  with  j>ort- 
holes  in  the  corruga- 
tions ;  the  port-shut- 
ters are  composed  of  a 
numlier  of  separate 
plates  of  iron  or  steel 
one  above  another, 
and  fit  into  grooves 
in  the  edges  of  the  ar- 
mor-plates. Around 
the  vessel,  just  alwve 
the    water-line,  is    a 


It  is  intended  for  appli- 


CoUins^s  Armor. 
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projecting  lip,  to  which  india-rubber,  or  other  similar 
mateiial,  may  be  attached. 

Colli  X8'8  Amior  for    Ships  and    Fortifications, 
April  19,  1864,  consists  of  a  framing  of  wrought- 
iron  tubular  ribs  B  By  with  external  coils  of  steel 
wire  a  a,  and  surrounding  c&shi^s  of  india-rubber 
b  6.      Cormgated  plates  e  e  conhne  the  tubes  to- 
gether, and  serve  as  attachments  for  the  inner  and 
outer  skins  c  d. 
Carpenter's  Ship's  Armor,  May  23,  1865.     In 
this    device     the    middle 
Fig.  858.         '        plates,  of  steel  or  w rough t- 
[^  iron,  have  dovetailed  pro- 
■.;  je(!tion8  fitting  into  corre- 
^  sponding  grooves  in  their 
V   outer    facing   which,    as 
(  well  as  the  inner  backing- 

^    plates,  are  of  chilled  cast- 
iron.    Staples  pass  through 
the  inner  and  middle  plates 
u  and   into  the  outer  one ; 
Carpenter''s  Armor,        the  loop  of  each  staple  is  let 
into  a  recess  in  the  side  of 
the  vessel,  and  is  caught  by  a  bolt  which  passes 
through  the  side  and  is  secured  in  the  interior. 

The  following  statement  from  the  **  London  Times  " 
contains  the  dimensions  of  a  number  of  English  iron- 
clads, with  the  thickness  of  their  armor,  etc. 


• 

Names. 

1 
^ 

ft 

11 

ill 

Thickneasof 
Backing. 

Achilles 

6,221 

1,250  880 

53 

26 

4» 

18 

Black  Prince 

6,1091,860  880 

58 

23 

4^ 

18 

Warrior 

6.109 

l,2ii0880 

58 

26 

4| 

18 

Agiocoart 
Minotaur 

6,621 

1,3')U400'59.  83 

51 

10 

6.621 

1,3V)  400,  59!  36 

5i 

10 

Northumberland 

6,621 

l,:j.30  400  59'  36 

5 

10 

Hector 

4.089    800280  6f)    82  1 

4 

18 

Valiant 

4,063 

8J0  280,66    82 

4i 

18 

Defence 

3,720 

6()02S0!54    18 

4^ 

18 

Resistance 

8,710 

600  2SO  54|  16 

4^ 

18 

4,125 

l,a»273  59    32 

4i 

(  Wood  ship, 
i  side  29^  in. 

Ocean 

4,(M7 

1,00V273'58    82 

Jt 

"    29i  *• 

Prince  Consort 

4,045 

1,000273  58    32 

"    29    " 

Royal  Alfroa 

4.0(58 

800273  58;  32 

4},  6 

"    29    " 

Royal  Oak 

4,056 

8)0  2?3  68 

82 

4^ 

"    291  " 

Lord  Clyde 

4,067 

1,000280  69 

34 

4y,6V,6 

"    3U  " 

Lord  Warden 

4,067 

1,000  280  69 

34 

"    3U  •*    • 
"    30}  " 

iZcalous 

3716 

800262  59 

16 

Bellerophon 

4,246 

1,000800,56 

12 

6 

10 

Palte 

2,372 

600225|50 

5 

4i 

I  Wood  ship, 
{side 22    in. 

FaTorite 

2,094 

400225  47 

8 

Jl 

"    26    " 

Research 

1,253 

200195  88 

4 

"    19    " 

lEnterprise 

993 

160  190  86 

4 

4 

"    19.>  " 

Viper 

737 

1,0180  82 

2 

4^ 

10 

Vixen 

764 

160160  82 

2 

4 

10 

Water  Witch 

777 

167  182  82 

6 

4 

10 

Prince  Albert 

2,529 

500240  48 

6 

4 

18 

3,765 

800  240  62 

5 

5i 

( Wood  ship, 
{ side  86  in. 

Scorpion 

1,857 

850  220  42 

4 

8,4y 
3,4 

|,   ^eoo 

WlTem 

1,867 

350220  42 

4 

9 

**  The  British  naval  authorities  have  lately  tried 
a  practical,  if  expensive,  experiment  by  anchoring 
their  biggest  and  newest  iron-clad,  the  "  Glatton,"  in 
Portland  harbor,  and  detailing  another  ship  to  make 
her  turret  a  target  for  600-])ound  projectiles.  The 
Admiralty  is  probably  satisfied  with  the  trial,  for 
although  the  turret  was  pretty  badly  damaged  it 
was  not  disabled.  The  experiments  will  be  contin- 
ued in  the  hope  of  tinding  a  system  of  iron-plating 
which  will  resist  any  possible  projectile,  and  a  pro- 
jectile which  will  knock  to  pieces  any  possible  sys- 
tem of  iron-plating."       English  Ptifter. 


This  is  of  a  piece  with  the  old  problem,  which 
modem  slang  would  call  a  conundrum  :  "  When  an ' 
irresistible  body  comes  in  contact  with  an  immova- 
ble object,  what  is  the  result  ? " 

Ar'mor,  Sub-ma-rine'.  Submarine  armor  may 
be  held  to  include  all  the  devices  to  be  attached  to 
the  person  by  which  one  is  enabled  to  descend  in  the 
water,  be  protected  from  extreme  pressure  while  sub- 
merged, w  furnished  with  vital  air  and  with  means 
for  signaling  the  persons  above  and  for  assisting  the 
ascent  to  the  surface  when  necessary.  These  devices 
have  been  used  in  connection  with  the  diving-bells, 
but  the  latter  is  not  a  necessary  auxiliary.  In  the 
article  on  the  diving-bell  some  instances  of  subma- 
rine armor  are  given,  but  only  as  incidentals. 

Submarine  armor  has  not  as  clear  claims  to  antiq- 
uity as  the  diving-bell,  if  we  accept  the  accounts  of 
Aristotle  and  Jerome.  The  earliest  distinct  account 
of  the  diving-bell  in  Europe  is  probably  that  of 
John  Taisnier,  quoted  in  Schott's  Tcchnica  Ouriosa, 
Nuremberg,  1664,  and  giving  a  history  of  the  descent 
of  two  Greeks  in  a  diving-bell,  **  in  a  very  large  ket- 
tle, suspended  by  rope,  mouth  downward"  ;  which 
was  in  1538,  at  Tolwlo,  in  Spain,  and  in  the  pres- 
ence of  the  Emperor  Charles  V. 

Beck  man  cites  a  print  in  editions  of  Vegetius  on 
War,  dated  in  1511  and  1532,  in  which  the  diver  is 
represented  in  a  cap,  from  which  rises  a  long  leather 
pipe,  terminating  in  an  opening  which  floats  above 
the  surface  of  the  water. 

Dr.  Halley,  about  1717,*  nwwle  a  number  of  im- 
provements m  the  diving-bell,  and  among  them  a 
leather  cap  for  the  head  of  the  diver,  with  windows 
in  front  for  the  eyes.  This  helmet  was  used  by  the 
diver  when  he  left  the  bell,  from  which  he  received  a 
supply  of  air  through  a  flexible  tube. 

The  essential  parts  of  submarine  armor  consist  of 
a  helmet  and  a  protection  for  the  body.  These  are 
rendered  necessary  by  the  great  pressure  of  the  wa- 
ter even  at  moderate  depths.  For  instance,  at  a 
depth  little  exceeding  five  fathoms  (30  feet),  this 
pressure  amounts,  including  that  of  the  superincum- 
l)ent  atmosphere,  to  about  29  pounds  to  the  sijuare 
inch,  being  an  excess  of  some  14.7  pounds  over  that 
due  to  the  atmosphere  alone.  For  depths  not  ex- 
ceeding 15  or  20  feet,  armor  for  the  body  is  not 
l^erhaps  absolutely  essential,  though  very  desirable 
if  the  diver  is  required  to  remain  a  considerable 
time  under  water  ;  this  part  of  the  apparatus  may 
Ih?  constructed  of  ledther,  vulcanized  ruober,  or  gutta 
l)ercha,  or  of  metal.  The  helmet  is  almost  necessa- 
rily made  of  metal.  It  has  glass  windows  to  enable 
tlie  diver  to  see,  and  two  tubes,  —  one  for  supplying 
him  with  fresh  atmospheric  air  from  the  surface,  and 
the  other  for  the  eduction  of  the  exhaled  air. 
Weights  are  attached  to  the  body  of  the  diver  or  to 
the  armor,  if  the  latter  is  not  sufficiently  heavy  of 
itself,  to  enable  him  to  exert  his  full  power  under 
water  ;  the  human  body  being  very  nearly  of  the 
same  specific  gravity  as  that  fluid.  A  line  is  at- 
tached to  the  apparatus,,  by  which  the  operator  is 
lowered  to  any  given  depth,  or  hauled  to  the  surface 
by  the  assistants,  and  by  which  he  CAn  signal  to 
them  when  necessary  ;  for  this  purpose,  however,  an- 
other line  is  usually  employed.  Many  different  con- 
structions have  been  proposed  and  executed.  One 
of  the  best  of  the  earlier  forms  was  that  of  M.  Klin- 
gert  of  Breslau,  1798,  in  which  the  helmet  was  made 
of  strong  tin,  and  the  jacket  and  drawers  of  leather. 
Inhalation  was  made  through  a  tube  embraced  by 
the  lips  of  the  diver,  who,  by  the  expansion  of  his 
chest  at  each  inspimtion,  forced  out  of  the  helmet 
into  another  tube  leading  to  the  surface  a  ouantitv 
of  previously  exhaled  :iir  precisely  equal  to  tiie  fresh 
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air  taken  into  the  lungs.    In  some  of  the  older  forms 

the  helmet  itself  was  made  large  enough  to  hold  a 

quantity  of  air  sufficient  to  supply  the  diver  for  a 

considerable  length  of  time,  differing  little,  in  fact, 

from  the  diving-bell.     The  apparatus  of  Mr.  Rowe, 

1763,  consisted  essentially   of  a  copper  tube  lai^e 

enough    to     contain    the 

Fig.  869.  body  of  the  diver  and  a 

limited     supply     of    air 

ould  be  renewed 

ne  to  time  by  a 

►r  force-pump,  and 

nndows  and  wa- 

holes    for    thi* 
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Diving  Apparatus.  i-eservoir  when  required. 

The   air-knapsack    is 

weighted  so  as  to  enable  the  diver  to  sink  to  his  work. 

The  air- tube  enters  the  ma.sk  at  a  |K)int  over  the  e^ir. 

The  artist  has  made  rather  a  close  fit  of  the  dress 

and  mask,  and  the  efiect  is  rather  too  cliei-ubic. 

In  Fig.  360  is  shown  a  resjnrator  designed  to  be 


attached  to  the 
helmet  of  the 
diver  whereby 
air  is  supplied 
from  a  force- 
pump  in  tlie  ves- 
sel which  floats 
on  the  surface  of 
the  water.  It 
has  an  induction 
and  an  eduction 
valve,  which 
both  open  in  the 


Fig.  800. 


Hawkinses  Mouthpiece/or  Diving 
Appeoutus. 


same  direction,  giving  way  respectively  to  the  blast 
of  fresh  air  and  to  the  force  of  the  exhaled  breath. 
While  the  breath  is  being  inspired  by  the  diver  the 
induction-valve  is  open  to  admit  fresh  air,  and  when 
expiration  occurs,  the  induction-valve  is  closed,  and 
the  air  passes  out  by  the  eduction-valve  and  the 
flexible  tube,  which  latter  reaches  to  the  surface  of 
the  water. 

In  Fig.  361  the  diver  is  completely  incased  in  the 
armor,  which  has  flexible  jointed  limbs  occupied  by 
the  legs  and  arms  of  the  occupant,  and  enabling  him 
to  move  from  place  to  place  and  grasp  the  objects  of 
his  search  or  perform  his  other  duty  in  the  premises. 
The  joints  of  the  limb-casings  have  articulations 
corresix)nding  to  those  of  the  person,  and  are  flexed 
and  extended  by  the  natural  motions  of  the  diver. 
The  prosthetic  hands,  which  are  attached  to  the 
ends  of  the  tubular  arm -casings,  consist  of  tongs  or 
nippers,  operated  by  rods,  which  are  moved  by  the 
natural  hands  inside.  The  body  and  head  of  the 
person  occupy  the  chamber,  which  is  large  enough  to 
permit  free  motion,  and  the  chamber  is  attached  to 
the  person  by  bands,  and  a  girdle  about  the  loins. 
An  exterior  reservoir,  partially  encircling  the  cham- 
ber, contains  compre.ssed  air,  which  is  admitted  to 
the  chamber  by  a  faucet,  as  the  air  may  become 
vitiated  by  breathing.  The  opening  of  another 
faucet  peniuts  the  vitiated  air  to  escape  through  the 
tube  wnich  leads  to  the  surface  of  the  water.     If  the 


Fig.  861. 
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operator  wish  to  ascend  without  assistance,  he  turns 
another  faucet,  which  peimits  air  to  pass  from  the 
chamber  into  a  collapsed  bag  attached  to  the  top  of 
the  apparatus.  As  the  bag  becomes  inflated,  it  dis- 
places water  and  renders  the  whole  apparatus  buoy- 
ant. To  descend  again,  he  closes  the  cock  leading  to 
the  balloon,  and  opens  another  which  allows  the  air 
to  esca}>e  from  the  balloon,  which  is  collapsed  by 
the  pressure  of  the  water.  The  compressed  air  is 
intended  to  form  a  supply  for  the  trip,  the  connec- 
tion with  the  surface  consisting  of  a  lifting  and 
lowering  rope  and  the  eduction  air-pipe. 

Other  armor  for  submarine  explorations  consists 
merely  of  helmets  which  have  tne  necessary  win- 
dows to  allow  the  diver  to  see  his  work,  and  are  pro- 
vided with  induction  and  eduction  tubes  to  furnish 
the  operator  with  a  supply  of  vital  air  and  carry  off 
that  which  is  vitiated. 

Some  exploring  apparatus  are  adapted  for  making 
observations  without  descending.  These  consist  of 
tubes,  telescopic  or  otherwise,  the  lower  end  being 
brought  into  near  proximity  to  the  object ;  and  in 
one  case '—  Knight's  English  Patent,  about  1847  —  a 
second  tube  was  provided,  down  which  was  projected 
light  from  a  lamp  or  the  reflected  light  of  the  sun, 
so  as  to  illuminate  the  object  whose  character  or 
position  it  was  desired  to  ascertain. 

In  1839,  Thornthwaite  (England)  adopted  a 
waist-belt  of  india-rubber  cloth,  to  which  was  con- 
nected a  small,  strong  copper  vessel  charged  with 
highly  compressed  air.  Tlie  belt  is  put  on  in  a  col- 
lapsed state,  and  the  diver  descends ;  but  when  he 
wishes  to  rise,  by  a  valve  he  allows  the  compressed 
air  to  fill  the  belt,  which  increases  his  levity  and  as- 
sists his  ascent. 

The  armor  used  by  Mr.  Dean  in  1834,  when  he 
descended  to  the  wreck  of  the  Royal  George  (sunk 
off  Spithead,  August  28,  1782),  was  composed  of  in- 
dia-rubber, made  perfectly  water-tight,  and  having 
a  metallic  helmet  which  i-ested  on  the  shoulders  and 
admitted  free  motion  of  the  head.  Three  glass  win- 
dows admitted  light  and  allowed  the  diver  to  exam- 
ine the  remains  of  the  ship.  A  flexible  tube  was 
connected  to  an  air-pump  above,  and  admitted  air 
to  the  helmet.  A  sinking- weight  of  90  pounds  was 
attached  to  his  T)erson. 

A  race  in  submarine  armor  took  place  in  Boston 
harbor  on  the  4th  of  July,  1868.  The  course  was 
2,100  feet,  reaching  fronv  Long  Wharf  to  the  Cu- 
nard  Docks  on  the  East  Boston  side.  Each  diver 
had  a  submerged  direction-line,  and  each  arrived 
safely,  being  accompanied  by  his  boat  with  its  usual 
air-pump  rigging.  The  time  made  was  17,  18^,  and 
21  minutes  respectively.     Each  received  a  prize. 

Ar-mo-zine'.  (Fabric,)  A  thin  plain  silk,  gen- 
erally black,  and  used  for  clerical  robes. 

AxmB.  The  club  was  the  first  offensive  weapon. 
By  knots  and  points  it  became  a  mace  ;  an  edge  and 
a  pole  convei-ted  it  to  a  battle-axe.  It  was  adapted 
for  thrusting  by  giving  it  a  point,  and  became  a 
pike  or  spear ;  and  when  adapted  to  be  thrown  be- 
came a  dart  or  javelin,  which  might  be  recovered  by 
a  line,  as  among  the  Moors.  Shortened  and  pointed, 
it  became  a  dagger  or  poniard,  and  by  receiving  an 
ed^  became  a  sword,  scimeter,  or  similar  weapon. 
Pointed,  and  associated  with  a  motor  to  propel  it,  we 
see  the  arrow  and  its  bow,  which  is,  critically  con- 
sidered, a  really  beautiful  invention.    See  Archery. 

"The  first  weapons  of  mankind  were  the  hands, 
nails,  and  teeth  ;  also  stones  and  branches  of  trees, 
the  fragments  of  the  woods  ;  then  flame  and  fire 
were  used,  as  soon  as  they  were  known  ;  and  last- 
ly was  discovered  the  strength  of  iron  and  brass. 
But  the  use  of  brass  was  known  earlier  than  that  of 


iron,  inasmuch  as  its  substance  is  more  easy  to  work, 
and  its  abundance  greater." — Lucretius;  d.  61b.  c. 
at.  44. 

History  commences  after  the  invention  of  the  bow 
and  arrow,  and  the  Australian  race  seems  to  have 
diverged  from  the  parent  stock  before  its  introduc- 
tion, as  they,  and  they  only,  do  not  possess  it. 
They  have  a  curious  analogue,  however,  in  their 
flexible  speai-s,  which  are  bent,  when  adjusted  for 
throwing,  so  that  their  reaction  in  straightening 
may  increase  the  force  of  the  projection.  The  pecu- 
liar course  of  their  flight  when  they  did  not  straight- 
en perfectly  may  have  suggested  to  them  the  very 
unique  weapon,  the  boomerang,'  which  was  imported 
into  England  as  a  curiosity  perhaps  30  years  ago. 

During  the  historic  period  we  find  the  most  an- 
cient weapon  noted  in  the  Bible  is  the  swoi*d.  It 
was  the  **  instrument  of  violence,"  as  Jacob  called  it, 
wherewith  Simeon  and  Levi  slaughtered  th6  Sheche- 
mites  (Genesis  xxxiv.  25). 

Phineas,  the  grandson  of  Aaron,  carried  a  javelin. 
Tlhud  had  a  short  dagger  (Judges  iii.  16).  David  de- 
clined SauKs  sword,  and  used  a  sling,  but  afterward 
took  the  sword  of  Goliath.  Many  centuries  before, 
all  these  weapons  had  been  used  in  China,  India, 
Assyria,  and  Egypt. 

Pliny  ascribes  the  invention  of  the  sling  to  the 
Phoenicians.  The  Balearic  Islanders  were  celebrated 
for  their  expertness  in  its  use. 

Slings  and  bows  were  employed  by  all  the  nations 
of  antiquity,  but  among  ^hose  who  attained  the 
highest  military  reputarion,  as  the  Greeks  and  Ro- 
mans,  were  looked  upon  merely  as  auxiliary  weap- 
ons, and  the  soldiers  who  used  them  were  considered 
as  an  inferior  class.  The  heavy-armed  soldiers,  who 
composed  the  strength  of  their  armies,  were  armed 
with  the  spear  and  sword.  The  former,  as  used  by 
the  Greeks,  was  some  16  or  even  18  feet  in  length,  and 
enabled  them  to  form  a  line  of  battle  16  men  deep,  — 
a  solid  mass  capable  of  withstanding  the  most  vio- 
lent shocks,  or  of  breaking  the  firmest  ranks  of  any 
enemy  who  was  not  armed  and  disciplined  like 
themselves ;  it  was,  however,  deficient  in  mobility  and 
activity.  The  Romans,  on  the  contrary,  preferred  an 
order  of  formation  and  weapons  which  admitted  of  ' 
greater  activity  and  allowed  more  scope  to  the  efforts 
of  the  individual  soldier.  Besides  a  lighter  spear, 
their  principal  weapon  was  the  piluTfif  a  short  and 
massive  javelin  with  a  triangular  iron  head,  which 
was  darted  by  hand  when  within  a  few^  paces  of 
their  opponents,  after  which  they  drew  their  swords 
and  advanced  for  close  conflict.  The  Roman  foot- 
soldier*s  sword  was  a  short,  two-edged  weapon, 
greatly  resembling  the  foot-artillery  sword  formerly 
used  in  the  United  States  Army,  and  was  adapted 
for  either  cutting  or  thrusting,  though  the  soldier 
was  instructed  to  prefer  the  latter  as  more  effective 
and  permitting  him  to  preserve  a  better  guard  of  his 
own  person. 

The  formation  of  the  legion  was  in  eight  ranks, 
and  a  distance  of  three  feet  was  preserved  between 
each  file,  as  well  as  each  rank,  thus  allowing  ample 
room  for  the  maximum  effort  of  each  separate  man. 

The  offensive  arms  of  the  cavalry  were  a  javelin 
and  a  long  broadsword. 

Cavalry  does  not  seem  to  have  performed  such^an 
important  part  among  the  Greeks  and  Romans  as  it 
did  among  the  more  Eastern  nations,  as  the  Parthi- 
ans,  whose  mounted  archers,  on  more  than  one  occa- 
sion, defeated  and  almost  annihilated  the  legions  of 
Rome. 

No  important  change  in  arms,  except  the  introduc- 
tion of  tne  cross-bow,  seems  to  have  been  made  until 
the  introduction  of  gunpowder  ;  though  the  charac- 
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ter  of  the  forces  employed  underwent  a  complete 
revolution.  As  Europe  settled  down  into  the  gloom 
of  the  Middle  Ages,  disciplined  armies  became  un- 
known, and  the  barbarous  nations  of  the  North  who 
had  overrun  it,  in  the  course  of  time  becoming 
converted  into  peaceful  tillers  of  the  soil,  had  lost 
their  former  militarv  habits,  and  in  times  of  war 
d^eneratedinto  little  betterthan  camp  followers. 

Cavalry,  including  the  knights  and  men-at- 
arms  by  whom  they  were  attended,  constituted 
almost  the  entire  strength  of  an  army,  and  being 
nearly  invulnerable  to  the  ordinary  weapons 
used  by  the  footmen  of  that  day,  such  as  pikes 
and  bills,  were  capable  ol  putting  tx>  flight  or  . 
slaughtering  with  impunity  many  times  their  ^ 
own  number  of  the  latter,  who  were  in  geneni 
destitute  of  armor  of  any  kind.  The  introduc- 
tion of  fire-arms  has  gradually  effected  an  en- 
tire change  in  the  composition  and  discipline 
of  modem  armies,  and  though  the  lance  and 
sword  or  saber  are  still  employed,  they  are  used 
merely  as  auxiliaries.  See  Artillery,  Fire- 
arms, Projectiles,  etc.  For  a  list  of  arms 
of  various  kinds,  cutting,  missile,  etc.,  see 
Weapons. 

"  Ships'  arms  are  cannons,  carronade,  mortars, 
howitzers,  muskets,  pistols,  tomahawks,  cut- 
lasses, bayonets,  and  boarding-pikes." — Admi- 
ral Smyth. 

Arm'-Ba'^.    Another  name  for  the  hand-saw. 

Arm'strong  Gun.  A  description  of  ord- 
nance adopted  in  the  English  artillery  for  all 
field-|^ps  and  man^  of  lai^er  caliber. 

It  IS  built  up  of  different  parts,  so  disposed  as  to 
bring  the  metal  into  the  most  favorable  position  for 
the  strain  to  which  it  is  to  be  exposed.  See  Can- 
non. 

ng.dQ2. 


Armstrong  Gtm. 

The  illustration  does  not  show  the  mode  of  hiild- 
ing  up  the  gun,  but  illustrates  the  mode  of  breech- 
loading.  Tne  inner  portion  of  the  barrel  is  made  of 
coiled  iron  or  steel,  welded  ;  that  mode  of  construct- 
ing being  adopted  to  avail  the  tensile  strength  of  the 
metal  in  resisting  the  bursting  force  of  the  discharge. 
The  mode  of  reinforcing  differs  somewhat  in  the  dif- 
ferent calibers  and  styles  of  the  arm,  but  consists, 
generally  speaking,  of  a  number  of  reinforce  bands 
of  superior  strength  and  thickness,  over  and  in  the 
vicinity  of  the  charge-chamber  and  the  parts  weak- 
ened by  the  transverse  cavity  in  which  the  breech- 
block is  slipped. 

a  is  the  chai^-chamber. 

b  the  gas-check. 

c  is  the  breech-block  which  slides  in  a  transverse 
slot  d.     The  breech-block  is  traversed  by  the  vent. 

e  is  a  breech-screw  having  an  axial  aperture  m, 
through  which  the  charge  is  introduced  from  the 
rear,  when  the  breech-block  c  is  withdrawn.  After 
the  charge  is  inserted  in  the  chamber  a,  the  block  c 
is  replaced,  and  the  breech-screw  e  is  screwed  up, 
forcing  a  projection  on  the  anterior  face  of  the  breecn- 
block  into  the  conical  seat  at  the  rear  of  the  bore. 


and  tightening  the  gas-check  b  in  its  seat,  to  pre- 
vent any  escape  of  gas  rearwardly. 

Ar'mure.  (Fabric.)  A  lady's  dress-goods,  hav- 
ing a  cotton  chaia  and  woolen  filling,  twilled. 

Ar'my  Wag'on.  A  wagon  designed  for  the  use 
of  foot-soldiers  on  the  plains,  and  so  oonstracted 

Fig.  868. 


Armf  Wagon. 

that  the  men  can  quickly  jump  off  the  seats  when 
attacked,  and  spring  back  again  at  once.  The  term 
is  also  applied  to  wagons  for  stores  and  ammunition. 

Ar'notf  8  Stove.  The  original  form  of  Dr.  Ar- 
nott's  stove  is  shown  in  Fig.  364,  and  perhaps  illus- 
trates its  peculiar  principle  better  than  do  the 
subsequent  modifications. 

a  b  d  represent  a  box  of  sheet-iron,  divided  by 
the  partition  g  h  into  two  chambers,  communicating^ 
freely  at  the  top 

and  bottom  ;  e  is  Fig-  864. 

the  fire-box, 
formed  of  iron, 
lined  with  fire- 
brick and  resting 
on  a  close  ash-pit 
with  a  door  at  b, 
near  which  is  a 
valved  opening  ^ 
by  which  air  en-<  ^ 
ters  to  feed  the  fire 
when  the  door  is 
shut ;  i  is  the  door 
of  the  stove  by 
which  fuel  is  in- 
troduced ;  c  is  the 
chimney-flue.  -M-t 
When  the  ash-pit -=-^ 
door  and  tne 
stove-door  are 
shut,  the  quantity  of  air  admitted  by  the  valved  open- 
ing in  the  ash-pit  is  only  just  sufficient  to  support 
combustion,  and  only  a  small  corresponding  quantity 
of  air  can  pass  away  by  the  chimney.  The  whole  box 
then  soon  becomes  filled  with  hot  air,  or  smoke 
from  the  fire  circulating  in  it,  and  rendering  il 
everywhere  of  as  uniform  temperature  as  if  it  were 
full  of  hot  water.     Thb  circulation  takes  place. 
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because  the  air  in  the  front  chamber  around  the 
fire-box,  and  which  receives  as  a  mixture  the  hot  air 
issuing  directly  from  the  fire,  is  hotter,  and  there- 
fore specifically  lighter,  than  the  air  in  the  posterior 
chamber,  which  receives  no  direct  heat,  but  is 
always  losing  heat  from  its  sides  and  hack ;  and 
thus,  as  long  as  the  fire  is  burning,  there  must  be 
circulation.  The  whole  mass  of  air  revolves,  as 
marked  by  the  arrows,  with  great  rapidity.     The 

Quantity  of  new  air  rising  from  within  the  fuel,  and 
tie  like  quantity  escaping  by  the  flue  e,  are  very 
small,  compared  with  the  revolving  mass.  The 
methods  of  regulating  the  supply  of  air  will  be 
noticed  presently. 
With  this  stove.  Dr.  Amott,  during  the •evwne  win 


Fig.  S87. 


ter  of  1886  -  37,  was  able  to 


in  his  library  a 
uniform  tempera- 
ture of  from  CO"  to 
63'.  The  quan- 
tity of  coal  used 
(Welsh  stone- 
coal)  was,  for  sev- 
eral of  the  colder 
months,  6  lbs.  a 
day, — less  than 
two  cents'  worth, 
—  a  smaller  ex- 
pense than  that  of 
the  wood  used  in 
lighting  an  ordi- 
nary tire.  The 
grate  or  tire-box, 
fully  charged, 
held  a  supuly  for 
twenty-sixhours. 
Another  com- 
mon form  of  this 
stove  is  shown  in  Fig.  365.  A  B  C  Disthe  outer 
casing ;  E  the  fire-box  over  which  is  a  dome  k,  with 
a  funnel  p,  to  carry  off  the  products  of  combus- 
tion ;  h  is  the  stove-door,  ana  g  the  regulator  by 
which  air  is  admitted.  The  device  for  automati- 
cally regulating  the  supply  of  air  is  described  under 
Thermostat  (which  see). 

Ar'que-buse.     This  piece,  an  early  attempt  at  a 
portable  fire-arm,  had  a  massive  stock  laid  to  the 
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shoulder,  and  an  offset  near  the  muzzle  by  which  it 
might  be  rested  against  an  object,  to  break  the 
recoil.  It  was  fired  by  a  match,  it  was  used  in  the 
battle  of  Morat,  where  the  Swiss  defeated  Charles 
the  Bold,  1476. 

Ar-ras'tra.  One  form  of  machine  for  commi- 
nuting ore.  The  name  is  derived  from  the  Spanish 
word  meaning  "  to  drag,"  and  is  indicative  of  the 
machine.  It  consists  of  a  pan  in  which  the  ore  is 
placed,  and  a  vertical  rotating  post,  to  whose  radial 
arms  are  attached  thongs  by  which  blocks  or  muUers 
are  dragged  over  the  ore  in  the  pan.  They  are 
very  common  in  Mexico,  where  thiy  operate  upon 
argentiferous  ores,  and,  according  to  Humboldt,  do 
excellent  work.  They  have  ^n  superseded  to 
some  extent  by  other  forms  of  grinding-mills.  See 
Amalgamating  Mills  ;  Ore-stamp  ;  Ore-crusher. 

Three  arrastras  are  patented  in  the  United  States. 


ATTtutrvu 

Fiff.  867  has  the  distinct  arrastra  characteristics,  and 
is  designed  for  the  reduction  of  precious  mettds  from 
ores  and  tailings :  it  has  a  cast-iron  pan  provided  with 
two  flanges,  placed  on  opposite  sides,  and  termi- 
nating in  a  ball-pivot,  which  rests  in  a  cup-shaped 
bearing  on  the  frame,  by  which  means  the  arrastra 
can  easily  be  tipped  when  the  contents  are  to  be 
drawn  off.  A  cup-shaped  cavity  serves  also  as  a 
bearing  for  a  ball-pivot  at  the  lower  end  of  the 
hollow  shaft. . 

In  another  form  the  circumferential  band  on  the 
inside  surface  of  the  arrastra  is  connected  with  the 

Elg.  868, 


Amutn. 

positive  pole  of  the  battery,  and  the  metallic  radial 
gutters  are  attached  to  the  encircling  wire  connected 
to  the  negative  pole.  The  arrastras  being  filled 
with  the  pulverized  ore,  water,  and  mercury,  the 
electric  current  is  caused  to  pass  through  the  mass, 
and  is  intended  to  facilitate  the  separation  of  the 
metals  from  their  chemical  combinations,  and  further 
their  amalgamation  with  the  mercury. 

Fig.  369  is  designed  as  an  improvement  on  the 
Bertola  Mill,  October  20,  1857,  but  differs  from  it 
in  the  fact  that  the  mullers/aie  linked  to  the  arms 
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k  of  the  rotating- 
shaft,  so  that  each 
is  free  to  accommo- 
date itself  to  the 
material  over  which 
it  is  di-agged.  The 
basin  in  which  the 
mull  ere  revolve 
consists  of  a  circu- 
lar iron  trough 
through  whose  cen- 
ter the  rotating  axis 
pcL^ses  up,  being 
driven  by  machin- 
ery beneath.  The  muller,  in  his  former  patent,  was 
not  operated  as  in  an  arrastra,  was  not  dragged,  but 
was  a  block  slipped  over  the  central  boss  in  the  pan, 
and  formed  of  an  annular  disk  from  whose  opposite 
edges  a  portion  was  removed,  leaving  concave  sides. 
The  bottom  of  the  muller  was  grooved,  and  the  part 
removed  left  spaces  for  the  ore  on  each  side,  between 
it  and  the  basin.      It 


Bertola's  Arrastra. 


Fig.  870 


Bertola's  MUl,  1867. 


was  revolved  by  a  shaft 
above,  lowered  into  op- 
erative contact  with  it 
as  I'equired,  and  the 
pulp  was  discharged  by 
openings  near  the  bot- 
tom, which  were  un- 
stopped when  the  pan 
was  tilted  on  a  hori- 
zontal axis.  Openings 
-  above  and  at  the  bot- 
1  tom,  respectively,  dis- 
charge tne  water  and 
the  amalgam  pulp. 


The  arrastra,  as  usually  constructed,  and  described 
by  Phillips,  consists  of  a  circular  pavement  of  stone, 
about  twelve  feet  in  diameter,  on  which  the  q^iartz 
is  ground  by  means  of  two  or  more  large  stones  or 
mullers  dragged  continually  over  its  surface,  either 
by  horses  or  mules,  but  more  frequently  by  the 
latter.  The  periphery  of  the  circular  pavement  is 
surrounded  by  a  rough  curbing  of  wood  or  flat 
stones,  forming  a  kind  of  tub  about  two  feet  in 
depth,  and  in  its  center  is  a  stout  wooden  post, 
firmly  bedded  in  the  ground,  and  standing  nearly 
level  with  the  exterior  curbing. 

Working  on  an  iron  pivot  in  this  central  post  is  a 
strong,  upright  wooden  shaft,  secured  at  its  upper 
extremity  to  a  horizontal  beam  by  another  journal, 
which  is  often  merely  a  prolongation  of  the  shaft  itself. 
This  upiight  shaft  is  crossed  at  right  angles  by  two 
strong  pieces  of  wood,  forming  four  arms,  of  which 
one  is  made  sufficiently  long  to  admit  of  attaching 
two  mules  for  working  the  machine.  The  grinding 
is  performed  by  four  lar^e  blocks  of  hard  stone, 
usually  porphyry  or  granite,  attached  to  the  anns 
either  by  chains  or  thongs  of  rawhide,  in  such  a 
way  that  their  edges,  in  the  direction  of  their  mo- 
tion, are  raised  about  an  inch  from  the  stone  pave- 
ment, while  the  other  side  trails  upon  it.  These 
stones  each  weigh  from  three  to  four  hundred 
pounds,  and  in  some  arrastras  two  only  are  em- 
ployed, in  which  case  a  single  mule  is  sufficient  to 
work  the  machine.  Fig.  371  is  a  sectional  view  of 
a  Mexican  arrastra  as  usually  constructed  ;  A  is  the 
upright  shaft ;  B^  the  arms,  to  which  the  mullers 
O  are  attached  ;  and  Z>,  the  central  block  of  wood 
in  which  the  lower  bearing  works. 

Some  of  the  arrastras  used  by  Mexican  gold- 
miners,  for  the  purpose  of  testing  the  value  of 
quartz  veins,  are  very  rudely  put  together,  the  bot- 
tom being  made  of  unhewn  flat  stones  laid  down  in 


Fig.sn. 


Mexican  Arrastra. 

clay  ;  but  in  a  well -constructed  arrastra,  intended 
to  be  permanently  employed,  the  stones  are  carefully 
di^ssed  and  closely  jointed,  and  after  being  pla«ed 
in  their  respective  i)Ositions,  are  grou ted-in  with 
hydraulic  cement 

Ar-rest'er,  Lightening.  An  instniment  used  on 
telegraph-lines,  by  which  static  electricity  of  high 
tension  (lightning)  is  discharged  from  the  line  to 
the  earth,  to  prevent  injury  to  the  telegraph  instru- 
ments or  the  operators. 

It  consists  of  an  interposed  resisting  medium 
which  is  traversed  by  a  current  of  high  tension, 
and  allows  the  charge  to  pass  to  the  earth,  but 
which  opposes  the  passage  of  the  ordinary  voltaic 
current.     See  Lightning  Akrester. 

Ar'ris.  The  external  angle  or  edge  formed  by 
the  meeting  of  two  plane  or  curved  surfaces, 
whether  walls,  or  the  siaes  of  a  stick  or  stone. 

Ar'riB-fillet.  A  triangular  piece  of  wood 
])laced  under  a  lower  course  of  slates,  tiles,  or 
shingles. 

Ar'riB-gnt'ter.  {Carpentry.)  A  V-gutter  fixed 
to  the  dripping-eaves  of  a  building. 

Ar'ris-pie'ces.  The  portions  of  a  built  mast 
beneath  the  hoops. 

Ar'ris-wiBe.  Diagonally  arranged ;  said  of 
tiles  or  slates. 

Ar'ro'W.  The  missile  which  is  projected  by  a 
bow.     Bundles  of  arrows  were  called  sheaves. 

It  is  usually  of  reed  or  of  wood,  and  tipped  with 
the  best  accessible  materials  ;  such  as  bone,  flint, 
obsidian,  metal. 

The  old  English  rule  waa  to  have  the  arrow  half 
the  length  of  the  bow,  and  the  latter  the  length  of  the 
archer,  so  that  a  cloUt-yard  sivafi  was  used  by  a  man 
six  feet  high. 

The  holt  was  a  peculiar  arrow  adapted  to  be  shot  • 
from  a  cross-bow.     The  arrow  of  an  arbalest  was 
termed  a  quarrel. 

Immense  quantities  of  fiint  arrow-heads  are  found 
in  the  Celtic  barrows  throughout  Europe.  The  ar- 
row-heads of  the  Scythians  and  Greeks  were  of  bronze, 
and  had  three  flanges  like  a  bayonet ;  such  have 
been  found  at  Persepolis  and  Marathon.  The  **  bar- 
barians," say  the  classic  writers,  use  barbed  {adun- 
ccB,  hamatoi)  and  poisoned  (venenatce)  arrows.  The 
poison  on  the  arrow  was  called  toxicum^  from  its 
relation  to  the  bow,  and  the  word  was  extended  to 
poison  in  general. 

The  shaft  was  of  polished  wood,  cane,  or  reed. 
The  latter  actually  gave  names  to  the  weapon,  — 
arundOy  calamiis.  The  Egyptians  used  reed  shafts  ; 
their  arrows  were  from  22  to  34  inches  in  length, 
and  are  yet  extant. 

The  monuments  show  feathered  shafts. 

In  the  time  of  Homer,  arrows  were  sometimes  poi- 
soned. The  poisoned  arrows  of  the  Indians  of  Guiana 
are  blown  through  a  tube.  They 'are  made  of  the 
hard  wood  of  the  CokarUo  tree,  are  about  the  size  of  a 
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knitting-needle  nine  inches  long,  and  mounted  on  a 
yellow  reed  four  or  five  feet  long.  One  end  is  sharp- 
ened, and  poisoned  with  woorai ;  the  rear  end  re- 
ceives a  pledget  of  cotton  to  act  as  a  piston  in  the  tube. 
The  etfective  range  is  about  forty  yards.  The  hard- 
wood spike  can  be  removed  at  pleasure  ;  twelve  or 
fifteen  such  spikes  are  carried  by  the  hunter  in  a 
little  box,  made  of  bamboo.  The  poisoned  spike  is 
cut  half  through,  at  about  a  quarter  of  an  inch 
above  the  point  where  it  fits  into  the  socket  of  the 
arrow  ;  and  thus,  when  it  has  entered  the  animal, 
the  weight  of  the  shaft  causes  it  to  break  off,  the 
shaft  falls  to  the  ground  uninjured,  and  is  fitted 
with  another  poisoned  spike  and  used  again. 

In  like  manner  the  arrows  of  the  Bushmen, 
Africa,  often  have  the  shafts  partly  cut  through,  so 
that  they  may  break  and  leave  the  point  in  the 
wound. 

The  serrated  weapon  of  the  sting  ray  is  used  by 
the  Malays  for  heading  some  of  these  blow-arrows, 
with  the  express  intention  that  they  might  break  off 
in  the  wound. 

The  arrow-heads  of  the  Shoshones  of  North  Amer- 
ica, said  to  be  poisoned,  are  tied  on  purposely  with 
gut  in  such  a  manner  as  to  remain  when  the  shaft 
IS  withdrawn. 

A  similar  idea  is  carried  out  in  a  Venetian  dagger 
of  glass  with  a  three-edged  blade,  having  ^  tube  in 
the  center  to  receive  poison.  By  a  certain  wrench 
the  blade  was  broken  off,  and  remained  in  the 
wound. 

"  In  passing  overland  from  the  Essequibo  to  the 
Demerara,"  says  Waterton,  "  we  fell  in  with  a  herd 
of  wild  hogs.  An  Indian  let  fly  a  poisoned  arrow 
at  one  of  them  ;  it  entered  the  cheek-bone  and  broke 
off.  The  hog  was  found  dead  about  170  paces  from 
the  place  where  he  had  been  shot.  He  afforded  us 
an  excellent  and  wholesome  supper."  The  wild 
tribes  of  the  Malayan  peninsula,  who  use  poisoned 
arrows,  eat  the  meat  of  animals  killed  by  these  deadly 
weapons,  without  even  troubling  themselves  to  cut 
out  the  wounded  part. 

There  is  reason  for  supposing  that  the  discover}'- 
of  the  various  poisons  used  for  weapons,  and  the 
practico  of  applying  them  to  such  a  purjwse,  arose 
spontaneously  and  separately  in  the  various  quar- 
ters of  the  globe.  Poisoned  weapons  are  used  by 
the  Negroes,  Bushmen,  and  Hottentots  of  Africa  ; 
in  the  Indian  Archipelago,  New  Hebiidcs,  and  New 
Caledonia.  They  are  employed  in  Bootan,  Assam, 
by  the  Stiens  of  Cambodia,  and  formerly  by  the 
Moors  of  Mogadore.  The  Parthians  and  Scythians 
used  them  in  ancient  times. 

The  composition  of  the  poison  varies  in  different 
races ;  the  Bushmen,  Hottentots,  and  others,  using 
the  venomous  secretions  of  serpents  and  caterpillars. 
In  the  Bosjesman  country.  Southern  Africa,  the  na- 
tives hunt  the  puff-adders,  in  order  to  extract  the 
poison.  They  creep  upon  the  reptile  unawares,  and 
break  its  back  at  a  single  blow.  The  poison-glands 
are  then  extracted  ;  the  venom  is  very  thick,  like 
glycerine,  and  has  a  faint  acid  taste.  .  This  is  mixed, 
on  a  flat  stone,  with  an  acrid  poisonous  gum,  called 
**  park! "  ;  after  beine  worked  until  it  becomes  of  the 
consistency  of  thick  glue,  it  is  spread  over  the  barbed 
head  of  the  arrow  and  for  about  two  inches  up  its 
point.  The  arrows  are  then  dried  in  the  sun.  Each 
warrior  carries  some  iuilf-dozen  of  these  devilish 
weapons,  a  wound  from  one  of  which  is  as  deadly  as 
the  bite  of  the  adder  itself. 

In  Ceylon  the  cobra-tel  poison  is  extracted  from 
certain  venomous  snakes,  such  as  the  Cobra  de  Ca- 
pello  (from  which  the  poison  takes  its  name),  the 
Carawella,  and  the  Tic  polonga ;  arsenic  and  other 


drugs  are  added,  and  the  whole  is  "  boiled  in  a  hu- 
man skull."  Three  Kabra-goyas  {Uydrosauras  aaZ- 
vator)  are  tied  near  three  sides  of  the  fire,  with 
their  heads  toward  it ;  they  are  tormented  with 
whips  to  make  them  hiss,  so  that  the  fire  may 
blaze  !  The  froth  from  their  lips  is  added  to  the 
boiling  mixture,  and  as  soon  as  an  oily  scum  rises  to 
the  surface,  the  "cobra-tel"  is  complete.  Probably 
the  arsenic  is  the  most  active  ingredient  in  this 
poison. 

The  Ceris  are  said  to  prepare  poison  for  their  ar- 
rows in  the  following  manner:  "They  first  kill  a 
cow,  and  take  from  it  its  liver  ;  they  then  collect 
rattle-snakes,  scorpions,  centipedes,  and  tarantulas, 
which  they  confine  in  a  hole  with  the  liver.  The 
next  pixxjess  is,  to  beat  them  with  sticks,  in  order 
to  enrace  them  ;  aAd,  being  thus  infuriated,  they 
fasten  their  fangs  and  exhaust  their  venom  upon 
each  other  and  upon  the  liver.  When  the  whole 
mass  is  in  a  state  of  corruption,  the  women  take 
their  arrows  and  pass  their  points  through  it ;  these 
are  then  allowed  to  dry  in  the  shade." 

The  Indians  of  Choco  and  Barbacoas  use  the 
"  Veneno-derana,"  or  frog  poison,  which  is  obtained 
by  placing  a  species  of  yellow  frog,  that  frequents 
the  swamps,  over  hot  ashes,  and  scraping  on  the 
viscid  humor  that  arises.  After  thus  torturing  the 
frogs,  they  are  allowed  to  escape,  in  order  that  they 
may  serve  another  time.  "  Veneno-de-culebra,"  or 
snake  poison,  is  also  said  to  be  used  in  Choco. 

(Fortification.)  An  advanced  work  at*  the  foot  of 
the  glacis,  consisting  of  a  parapet  whose  faces  form 
a  salient  angle.  It  has  communication  with  the  cov- 
ered way  cut  through  the  glacis. 

(Surveying. )  One  of  the  iron- wire  pins  employed 
in  marking  the  chainage.  One  is  placed  in  the 
ground  at  the  end  of  each  chain. 

An  arrow  is  ten  inches  long,  with  a  loop  at  the 
upj>er  end,  and  is  all  the  better  for  a  red  flag  to  ren- 
der it  conspicuous. 

Called  also  a  chain-pin. 

Ar'se-nio.  A  soft,  brittle,  and  poisonous  metal 
of  a  steel-gray  color.  Equivalent,  75  ;  symbol.  As.  ; 
specific  gravity,  5.7.  It  volatilizes,  exhaling  an  odor 
of  garlic ;  fuses  at  400**  Fah.,  and  is  easily  in- 
flamed. It  combines  with  oxygen  in  two  propor- 
tions, forming  arsenious  and  arsenic  acids.  The 
former  salt  is  As.  75,  O.  24  ;  the  latter,  As.  75, 
0.  40.  The  former  is  the  common  white  arsenic  of 
commerce,  very  poisonous,  and  a  dull  white  powder, 
sp.  gr.  3.07. 

It  is  used  to  alloy  lead  for  shot-making,  causing 
the  metal  to  pour  more  readily,  and  hardening  the 
shot. 

Ar'se-nic  Fur'naoe.  A  furnace  in  which  arseni- 
cal pyrites  is  decomposed  by  heat,  producing  white 
arsenic,  which  is  an  oxide  of  the  metal  chemically 
known  as  arsenious  acid,  the  arsenic  of  commerce. 
Arsenic  is  combustible,  oxidizing  so  rapidly  as  to 
bum  with  a  livid  flame,  the  fumes  being  condensed 
in  large  chambers  which  resemble  the  successive 
stories  of  a  house.  The  floors  have  openings,  so  that 
the  fumes  traverse  each  apartment,  and  the  light 
powder  is  deposited. 

The  furnace  is  a  muffle  m,  with  an  inclined  sole, 
and  having  a  fire-chamber  beneath.  The  sole  rests 
upon  brickwork  which  has  numerous  openings, 
forming  circulatory  flues  d  around  the  muffle,  'tm 
arsenical  pyrites  is  introduced  at  the  hopper/,  and 
the  smoke  escapes  by  the  flues  1 1. 

The  condensing  chambers  have  openings  by  which 
the  collected  arsenic  on  the  respective  floors  is  re- 
moved, the  lower  chamber  being  entered  by  the 
duct  0,  which  proceeds  from  the  muffle. 
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Fig.  872. 


Jrsenie  Ptamae*. 

The  deposit  in  the  lowest  chamber  is  the  purest. 

Ilg.  878. 


Omdtnnng  Chambtr.      , 

Ar-te'rl-al  Com-pres'sor.  (Surgical.)  A  foim 
of  tourniquet  invented  by  Signoroni,  tobeused  in  am- 
putations at  thehip  joint,  to  control  the  circulation  at 
the  groin  without  impeding  the  return  by  the  veins. 

Ar'te-ry  Claw.  (Surgical.)  A  locking  forceps 
for  seizing  an  artery. 


Fig.  874. 


Arterp  Faretpt. 


Ar'teiy     For'ceps. 

An  instrument  for  catch- 
ing an  artery.  These  for- 
ceps are  made  straight, 
curved,  plain,  or  rat- 
toothed,  spring-open, 
spring-shut,  or  catch. 

The  illustration  shows 
three  forms. 

Ar'te  -  ry-o  - 1  o  m  e'. 
A  post-mortem  or  dissect- 
ing instrument,  for  slit- 
ting an  artery. 

Ar-te'8ian  WelL 
Artesian  wells  are  so 
called  because  it  was 
generally  supposed  that 
they  were  first  used  in 
the  province  of  Artois, 
France.  They  appear, 
however,  to  have  existed 
in  Egypt  at  a  very  remote 
date,  and  are  said  to  be 


found  in  the  province  of  On-Tong-Kiao,  in  China, 
of  the  depth  of  from  1, 500  to  1, 800  feet.  The  principle 
of  their  action  is  this :  water  percolating  through,  per- 
vious strata,  such  as  sand,  gravel,  or  chalk,  is  finally 
arrested  in  its  downward  course  by  an  impervious  stra- 
tum of  rock  or  clav,  causing  it  to  accumulate  in  the 
pervious  stratum  aoove  aa  in  a  reservoir,  and  when  the 
source  of  supply  is  higher  than  the  level  of  the  ground 
at  the  place  where  the  well  is  bored,  the  water  will  lise 
to  the  surface,  or  even  considerably  above  it ;  in  many 
cases  issuing  from  the  mouth  of  the  well  with  suffi- 
cient force  to  throw  a  jet  of  the  water  to  a  great 
hight,  or  admit  of  its  being  carried  high  enough  for 
distribution  to  the  upper  stories  of  buildings. 

The  term  **  artesian  "  is  only  properly  applied  to 
wells  in  which  the  water  rises  to  or  above  the  surface, 
so  that  in  case  a  laige  number  are  collected  in  a  single 
neighborhood,  some  or  all  of  them,  particularly  those 
toward  the  higher  part  of  the  basin,  may  become 
converted  from  artesian  into  ordinary  wells.  In  the 
London  basin,  where  a  great  number  of  artesian 
wells  have  been  boi-ed,  the  general  level  of  the  wa- 
ter has  been  very  much  diminished. 

It  generally  happens  that  more  than  one,  freouent- 
ly  many,  water-bearing  strata  are  penetrated  before 
one  is  reached  which  has  a  sufficient  head  to  cause 
an  overflow  at  the  surface  ;  in  such  cases  others  be- 
sides the.  lower  one  may  be  made  available,  if 
thought  advisable. 

The  wells  of  the  London  basin  will  perhaps  afford 
as  good  an  illustration  of  the  theory  and  action  of 
artesian  wells  as  any  other  example ;  the  character 
and  succession  of  the  beds  having  been  more  care- 
fully studied  and  worked  out  than  almost  any  oth- 
ers where  such  wells  are  located. 

These  wells  derive  their  supply  from  the  pervious 
strata  of  the  plastic  clay  and  chalk.  These  strata 
are  covered  in  part  by  the  formation  called  the  Lon- 
don clay,  which  is,  in  most  of  its  beds,  tough  and  im- 
permeable to  water,  so  that  the  rain  falling  on  those 
parts  of  the  porous  chalk  and  other  pervious  strata 
below  it,  which  are  not  covered  by  the  supeijacent 
impervious  clay,  percolates  through  them  till  its  farther 
progress  downward  is  stopped  by  the  **gault,"  an- 
other stratum  of  impervious  clay,  and  accumulates 
tween  it  and  the  overlying  clay,  which  acts  as  a  cover 
to  this  vast  subterraneous  reservoir  to  the  level  of  the 
line  B  A.  The  water,  reaching  points,  as  C,  at  the 
lower  levels  of  the  junction  of  tne  chalk  and  clay, 
the  pervious  and  the  impervious  strata,  comes  to  the 
surface  in  the  form  of  springs  which  act  as  discharge- 
outlets.  In  this  case  a  horizontal  line,  as  A  B, 
drawn,  through  C,  indicates  the  general  level  of  the 
water  in.  the  basin,  unless  disturbed  by  faults  or 
shifts  in  the  strata  permitting  a  part  to  be  carried 
off  at  a  lower  level.  In  the  latter  case,  if  the  outlet 
had  an  area  of  capacity  for  carrying  off  an  amount 
in  excess  of  the  supply  received  from  the  clouds,  it 
would  determine  tne  water-level ;  if  less,  the  level 
would  fluctuate  somewhere  between  tliis  lower  point 
of  discharge  and  the  line  A  B,  in  proportion  to  the 
amount  of  rain  falling  on  the  exposed  portions  of 
the  pervious  strata. 

If  a  boring  be  made  anywhere  through  the  over- 
lying clay  beds,  it  is  evident  that  the  water  will  rise 
by  hydrostatic  pressure  until  it  has  attained  the 
same  level  as  iu  the  chalk  beds  below,  and  if  the 
surface  of  the  ground  at  that  point  be  below  this 
level,  the  water  will  rise  to  the  surface  and  overflow 
as  at  (7  or  H,  which  it  did  a  few  years  ago  in  the 
valley  of  the  Thames  between  London  and  Brent- 
ford, though  it  is  said  that  latterly  there  has  been  an 
average  fall  of  about  two  feet  per  year  in  the  wells 
of  the  London  basin,  so  that  in  many  of  those  wells 
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Fig.  876. 
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^K 


Section  of  the  London  Basin. 


which  formerly  overflowed  the  water  is  now  raised 
by  pumps. 

At  St.  Ouen,  in  France,  water  is  brouf^ht  tip  from 
two  strata  at  different  levels,  the  ascending  force  of 
the  water  from  the  lower  stratum  being  greater  than 

that  in  the  upper. 
««•  876.  This  is  effected  by 

means  of  two  pipes, 
one  within  the  oth- 
er, with  a  sufficient 
interval  between 
them  to  allow  the 
free  passage  of  wa- 
ter. The  smallest 
pipe  brings  up  the 
water  from  the  low- 
,  erstratum^to  the 
^  level  of  the  highest 
part  of  the  fountain 
6",  while  the  water 
from  the  upper  stra- 
tum, whicn  does 
not  attain  so  high 
a  level,  passes  up 
through  the  outer 
pipe  to  a!  ;  by  this 
means,  should  the 
water  from  the  low- 
er stratum  be  pure 
and  that  from  the 
upper  impure,  the 
former  may  be 
brought  up  and 
discharged  sepa- 
rately without  be- 
wai  of  St,  Ouen.  ing  mingled  with 

or  contaminated 
by  the  former.  Both  these  streams  are  used  for 
supplying  the  canal  basin  at  St.  Ouen,  which  is 
above  the  level  of  the  Seine. 

The  well  at  Calais  is  1,138  feet,  and  that  at 
Douchery,  in  the  Ardennes,  France,  1,215  feet,  in 
depth.  The  English  wells  are  of  less  depth,  vary- 
ing from  70  or  80  to  620  feet.  The  fountains  m 
Trafalj;ar  Square,  London,  are  supplied  by  wells  of 
this  kind,  393  feet  deep.  Those  of  London  are  all  in 
the  chalk,  and  it  is  believed  that  bv  deeper  boring, 
so  as  to  reach  either  the  upper  or  lower  green-sand 
formations,  a  more  ample  supply  of  water  could  be 
obtained. 


The  essential  apparatus  for  boring  as  generally 
practiced  consists  of  an  auger  or  borer  attach^  to 
rods  (which  are  successively  screwed  on  to  each  other 
as  the  work  progresses,  anil  which  afford  a  measure 
for  the  depth  of  the  boring),  and  tubes  of  an  exterior 
diameter  equal  to  that  of  the  well,  which  are  pushed 
down  one  after  another  to  prevent  the  caving  in  or 
filling  up  of  the  well  by  earth  or  rock.  One  of  the 
most  celebrated  artesiaa  wells  is  that  at  Grenelle,  a 
suburb  of  Paris,  which  took  nearly  seven  years  and 
two  months  of  difficult  labor  to  complete  ;  it  is  1,802 
feet  in  depth,  and  when  the  water-bearing  stratum 
of  green-colored  sand  was  reached,  the  water  was 
discharged  at  the  rate  of  upwards  of  880,000  gallons 
in  24  hours  ;  the  force  was  such  that  the  water  could 
be  carried  to  a  hight  of  120  feet  above  the  surface. 

The  temperature  of  the  water  from  the  depth  of 
1,802  feet  was  considerably  higher  than  the  mean 
temperature  at  the  surface.  In  the  cellars  of  the 
Pans  Observatory,  at  a  depth  of  94  feet,  the  ther- 
mometer was  found  constantly  to  remain  at  63^06 
Fah.  ;  in  the  chalk,  at  a  depth  of  1,319  feet,  it 
marked  76^3  ;  in  thegault,  at  1,657  feet,  79^6  ;  and 
the  water  flowing  from  the  well  has  a  uniform  tem- 
perature of  81'.  8,  indicating  a  rate  of  increase  of 
1°.7  for  each  100  feet  below  the  limit  of  constant 
temperature. 

•  The  springs  which  supply  the  King's  Bath,  at 
Bath,  England,  have  a  temperature  of  117*,  and  the 
spring  of  Orense,  in  Gallicia,  has  a  temperature  of 
180"  Fah. 

The  artesian  Brine-well  of  Kissingen,  in  Bavaria, 
was  begun  in  1832,  and  in  1850  water  was  reached  at 
1,878  feet.  The  depth  reached  by  farther  boring  was 
about  2,000  feet.  The  water  has  a  temperature  of  66* 
Fah.,  and  issues  at  the  rate  of  100  cubic  feet  per  min- 
ute. The  ejecting  force  is  supposed  to  be  derived 
from  a  subterranean  atmosphere  of  carbonic-acid 
gas,  acting  with  a  force  of  60  atmospheres.  The 
tubings  are  concentric,  water  rising  between  the 
outer  and  middle  tubes,  passing  down  between  the 
middle  and  inner  tubes  to  the  bed  of  rock  salt„  where 
it  is  saturated,  and  then  raised  in  the  middle  tube 
to  the  surface. 

The  artesian  well  at  Passy,  near  Paris,  is  proba- 
bly the  largest  well  of  the  kind  that  has  ever  been  . 
sunk.  It  IS  carried  through  the  chalk  into  the  low- 
er green  sands,  which  were  reached  at  a  depth  of 
1,913  feet,  the  bore  finishing  with  a  diameter  of  two 
feet. 
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Six  years  and  nine  months  were  occupied  in  reach- 
ing the  water-bearing  stratum,  when  the  yield  was 
3,349,200  gallons  per  day  of  24  hours,  subsequently 
increased  to  5,582,000  gallons,  and  then  continued  at 
3,795,000  gallons  per  day.  The  total  cost  of  the  well 
was  £  40,000.  It  was  lined  with  solid  masonry  for  a 
depth  of  150  feet,  then  wood  and  iron  tubing  was  in- 
troduced to  1,804  feet  from  the  surface,  and  below  that 
there  was  a  length  of  copper  pipe  pierced  with  holes. 
The  variety  of  boiing  tools  which  have  been  em- 
ployed in  making  artesian  wells  is  very  great,  and 
the  utility  of  somtf  of  those  figured  and  described  in 
works  on  the  subject,  if  one  may  be  allowed  to  judge 
from  their  shape  and  appearance,  is  very  question- 
able. The  mode  adopted  by  the  Chinese,  who  have 
for  many  ages  been  in  the  habit  of  boring  for  salt  or 
fresh  water  is  one  of  the  most  primitive. 

Their  wells  ai-e  often  from  1,500  to  1,800  feet  deep, 
and  bored  in  the  solid  rock.  A  wooden  pipe  five  or 
six  inches  in  diameter  inside  is  sunk  into  tne  earth, 
and  covered  with  a  stone  having  the  same  aperture 
as  the  pipe.  A  steel  tool  weighing  300  or  400  pounds, 
concave  above  and  rounded  beneath,  is  suspended 
by  a  cord  from  the  extremity  of  a  lever  and  lowered 
down  the  tube  ;  by  leaping  on  the  end  of  the  lever, 
the  piece  of  steel  is  suddenly  elevated  about  two  feet 
and  allowed  to  fall  by  its  own  weight,  being 
Fig.  877.  partially  rotated  at  each  movement.  When 
©  three  inches  of  rock  have  been  crushed,  the 
n  steel  is  raised  by  means  of  a  pulley,  bring- 
'^  ing  with  it  the  material  which  has  accumu- 
lated on  its  upper  concavity. 

Should  the  attachment  of  the  steel  head 
be  broken,  another  steel  head  is  employed  to 
break  the  first,  an  operation  perhaps  requir- 
ing months.  IJnder  favorable  circumstances 
it  is  said  nearly  two  feet  of  rock  may  be 
penetrated  in  24  hours. 

A  modification  of  the  above  has  been  em- 
ployed in  Europe,  in  which  tlie  upper  part 
Roek'DriU.of  the  tool  is  mclosed  in  a  cylinder   (see 
Fig.  377).    These  are  suspended  by  a  rope, 
the  twisting  and  untwisting  of  which  imparts  a  suffi- 
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cient  circular  motion.  When  theapparatus  is  with- 
drawn from  the  hole,  the  lower  end  of  the  tool  closes 
the  bottom  aperture  of  the  cylinder,  which  brings  up 
the  mass  of  comminuted  rock  to  the  surface. 

A  common  mode  of  boring  is  shown  in  Fig.  378. 
Two  men  walk  around  and  turn  the  handle  of  the 
boring-tool,  which  is  screwed  into  an  iron  rod. 
In  moderately  soft  ground  the  weight  of  the  two 
men  and  the  rotation  of  the  handle  will  cause  the 
boring-chisel  to  penetrate,  but  in  rock  it  requires  to 
be  hammered  down,  the  men  shifting  its  position 
from  time  to  time  to  enable  it  to  act  on  a  fresh 
portion  of  the  .rock.  This  operation  is  great- 
ly facilitated  by  suspending  the  boring-rods  Fig  379. 
from  a  beam,  nxed  at  one  end  and  worked 
by  a  man  at  the  other,  assisting  by  its  elas- 
ticity the  efforts  of  those  below  in  alternately 
raising  and  depressing  the  tool  to  give  it  the 
necessarj'  pounding  motion.  When  the  hole 
has  by  this  means  been  opened  as  far  as  the 
length  of  the  tool  will  allow,  it  is  withdrawn, 
and  a  valved  cylindrical  auger  (Fig.  379)  in- 
troduced, which  being  turned,  the  valve  is 
opened  by  the  pressure  of  the  comminuted 
rook  or  earth  below,  and  fills  the  cylinder, 
which  is  then  withdrawn.  See  Auger  ; 
Earth-borino.  

For  raising  and  lowering  the  apparatus,  a  dearer. 
tripod  formed  by  three  poles  is  erected  over 
the  mouth  of  the  pit,  from  which  a  block  and  at- 
tached tackle  is  suspended ;  this  is  made  fast  to  a 
claw,  represented  at  Fig.  380,  which  is  passed  under 
the  shoulders  of  the  upper  rod.    When  this  is  raised 
sufficiently,  a  fork  is  passed  under  the  shoulders  of 
the  section  below,  the  upper  one  is  detached   by 
means  of  a  suitable  wrench,  and  the  lifting 
again    proceeded    with.      Instead    of    the  Fig.  880. 
springing  beam,  a  windlass  is  sometimes  em-  | 
ployed  for  giving  the  percussive  motion  to  I 
the  tool ;    several  turns  of  the  suspending  | 
rope  being  taken  around  the  windlass,  the 
friction  of  the  rope  will  be  suflBcient,  when  ' 
aided  by  the  strength  of  a  man  having  hold 
of  the  end  of  the  rope,  to  prevent  it  from 
slipping  when  the  windlass  is  turned,   the 
man  taking  up  the  slack  and  aiding  the  up- 
ward motion.     When  the  whole  apparatus 
is  raised  a  short  distance  in  this  way,  the  Ckai. 
rope  is  slacked,  and  the  apparatus  falls  with 
its  whole  weight,  penetrating  and  crushing  the  rock 
below.     The  windlass  is  kept  constantly  m  motion 
in  one  direction,  and  the  percussive  motion  is  main- 
tained by  alternately  holding  fast  and  slacking  the 
end  of  the  rope. 

In  Fig.  381,  a  is  a  plan  and  elevation  of  an  auger 
used  for  boring  in  clay  or  loam,  b  is  an  **S**  chisel 
for  hard  rock,  c  exhibits  a  hollow  valved  auger  for 
boring  through  sand  or  bringing  up  rock  previously 
pulverized  by  the  chisel,  rf  is  a  spring  reamer  for 
enlarging  a  hole  previously  bored ;  this  is  passed 
down  through  the  pipe,  and,  on  reaching  its  bottom, 
expands  to  a  distance  regulated  by  the  screw  and 
swivel  connecting  the  two  spring  cutters,  the  cutting 
edges  of  which  are  placed  reversely.  Figs.  382  and 
383  exhibit  different  kinds  of  tools  for  earth  and 
rock. 

The  rods  freouently  break  in  boring,  and  for  raising 
the  portion  broken  off  below,  various  devices  have  been 
contrived,  one  of  the  most  simple  of  which  is  repre- 
sented in  Fig.  384.  It  consists  merely  of  ^  worm, 
which  screws  around  the  rod,  which  is  only  retained 
by  friction  when  lifting.  This  is  only  available 
when  the  weight  of  the  broken  part  is  insufficient  to 
overcome  the  friction. 
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WeO-Boring  Tbols. 

The  forms  of  boring  and  eleyating  tools  which 
have  been  employed  nkve  been  much  modified  by 


Fig.  882. 


WeU-Boring  Tools, 

the  experience  in  boring  the  oil-wells  of  the  petro- 
leum region.     A  great  impetus  was  given  to  the 

exercise  of  in- 
*  genuity  in  this 

line  by  the  exi- 
gencies of  this 
branch  of  in- 
dustry ;  the 
inventions  in- 
cluding boring- 
tools,  tool- 
grabs,  tool-jars, 
derricks,  rod- 
couplings, 
reamers,  well- 
tubes  and 
couplings, 
tube  -  packing, 
**  seed  -  bags," 
ejectors,  and 
engines  specifi- 
cally adapted 
to  sinking  the 


WeU-Boring  Tbols. 


shaft  and  raising  the  oil. 

The  boring  of  the  artesian  well  at  Belcher's  Sugar 
Refinery,  St.  Louis,  was  effected  by  a  simple  wedge- 
shaped  drill,  the  size  of  which  varied  according  to 
the  diameter  of  the  bore  ;  this  drill  was  screwed  to 


a  wrought-iron  bar  30  feet  long  and  about  ^*  881 
24  inches  diameter,  weighing  several  hun- 
dred pounds.  To  the  bar  was  screwed  a  pair 
of  slips,  so  that  the  drilling  was  efifected  by 
the  weight  of  the  bar  alone.  To  this  were 
fastened  the  poles,  each  of  which  was  30 
feet  long.  These  were  screwed  together,  and 
were  made  of  two  pieces  of  split  hickory- 
wood  joined  and  riveted  in  the  center.  To 
the  last  pole  was  fastened  a  chain,  the  other 
end  of  which  was  attached  to  a  spring-beam 
worked  by  a  steam-engine  running  with  a 
speed  of  about  80  revolutions  per  min- 
ute and  having  14  inches  stroke.  The 
boring-apparatus  was  constantly  turned  by 
hand-power.  The  boring  was  commenced  in  jj^^ 
the  spring  of  1849,  and  continued  at  inter-  Lifter. 
vals  till  March,  1855.  For  performing  all 
the  work  connected  with  tne  boring,  the  labor 
of  four  men  was,  in  general,  daily  required.  This 
well  was  finished  at  the  expiration  of  33 
months'  steady  work,  and  attained  a  depth  of  2,197 
feet,  at  a  cost  of  1 10,000 ;  that  at  Crenelle,  400 
feet  less  in  depth,  was  more  than  seven  years  in 
boring,  and  is  said  to  have  cost  about  $70,000. 
From  this  depth  of  2,197  feet  the  water  can  be  car- 
ried to  a  hignt  of  75  feet  above  the  surface.  It  is 
a  minei-al  water,  havinga  salty  taste  and  a  strong  odor 
of  sulphur,  and  possesses  great  medicinal  virtues. 

The  well  bored  at  the  county  buildings  of  St. 
Louis  Co.,  Missouri,  has  reached  a  depth  of  3,285 
feet  without  obtaining  a  flow  of  water. 

The  artesian  wells  at  Chicago  are  700  feet  deep, 
and  dischai*ge  about  1,250,000  gallons  daily,  with  a 
head  of  126  feet  above  the  surface  of  Lake  Michigan. 
The  water  is  very  pure  and  cool  for  the  d^th  m)m 
which  it  comes,  having  a  temperature  of  57\ 

The  well  at  Louisville,  Kentucky,  is  even  deeper 
than  this,  and  yields  a  medicinal  water  allied  in 
quality  to  the  Blue  Lick  and  Big- Bone'  Lick, 
springs  of  the  same  state. 

Some  years  ago  a  boring  was  commenced  in  the 
public  s<]^uare  surrounding  9ie  State  House  at  Colum- 
Dus,  Ohio,  with  the  intention  of  endeavoring  to 
obtain  a  head  of  water  which  could  be  carried  to  the 
upper  part  of  that  building  for  its  ordinary  supply, 
as  well  as  in  case  of  fire,  etc.  A  depth  of  rather 
more  than  2,700  feet  was  penetrated,  mostly,  if  not 
entirely,  through  Silurian  strata,  but  none  was 
reached  where  the  water  had  a  sufficient  head  to 
rise  to  the  surface. 

Artesian  wells  were  made  in  ancient  times  in  the 
Oasis  of  El-Bacharich,  and  were  described  by  Olym- 
piodorus,  a  native  of  Thebes',  who  lived  in  the  fifth 
century  A.  D.  Their  depth  is  said  to  be  from  200 
to  500  cubits,  and  the  water  issues  at  the  surface. 
They  have  been  noticed  by  Arago.  A  Frenchman 
has  reopened  several  of  those  which  had  become 
stopped.  The  reopened  wells  are  from  360  to  480 
feet  deep. 

The  Moniteur  Algirien  gives  an  interesting  report 
on  the  newly  bored  Artesian  wells  in  the  Sahara 
Desert,  in  the  province  of  Constantine.  The  first 
well  was  bored  in  the  Oasis  of  Oued-Rir,  near  Ta- 
mema,  by  a  detachment  of  the  ForeLm  Legion,  con- 
ducted by  the  engineer,  M.  Jus.  The  works  were 
begun  in  May,  1856,  and,  on  the  19th  of  June, 
a  quantity  of  water,  of  1,060  gallons  per  minute,  and 
of  a  temperature  of  79*  Fwi.  rushed  forth  from 
the  bowels  of  the  earth.  The  joy  of  the  natives  was ' 
unbounded  ;  the  news  of  the  event  spread  towards 
the  south  with  unexampled  rapidity.  People  came 
from  long  distances,  in  order  to  see  the  miracle ;  th« 
Marabouts,  with  great  solemnity,  consecrated  the 
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newly  created  well,  and  gave  it  the  name  of  "the 
well  of  peace."  The  second  well,  in  Teraakin, 
yielded  9  gallons,  of  79"  temperature,  per  minute,  and 
from  a  depth  of  279  feet ;  tnis  well  was  called.**  the 
well  of  bliss."  A  third  experiment,  not  far  from 
the  scene  of  the  second,  in  the  Oasis  of  Tamelhat, 
was  crowned  with  the  result  of  33  gallons  of  water 
per  minute.  The  Marabouts,  after  naving  thanked 
the  soldiers  in  the  presence  of  the  whole  population, 
gave  them  a  banquet,  and  escorted  them  in  solemn 
procession  to  the  frontier  of  the  oasis.  In  another 
oasis,  that  of  Sidi-Nached,  which  had  been  com- 
pletely ruined  by  the  drought,  the  digging  of  **  the 
well  of  gratitude"  was  accompanied  by  touching 
scenes.  As  soon  as  the  rejoicing  outcries  of  the  sol- 
diers had  announced  the  rushing  forth  of  the  water, 
the  natives  drew  near  in  crowds,  plunged  themselves 
into  the  blessed  waves,  and  the  mothei-s  bathed 
their  children  therein.  The  old  Emir  could  not 
master  his  feelings ;  tears  in  his  eyes,  he  fell  down 
upon  his  knees,  and  lifted'  his  trembling  hands,  in 
order  to  thank  God  and  the  French.  This  yields 
not  less  than  1,136  gallons  per  minute,  from  a  depth 
of  177  feet.  A  fifth  well  has  been  dug  at  Gum 
» Thiour,  yielding  29  gallons  per  minute.  Here  a 
part  of  the  tribes  of  the  neighborhood  commenced  at 
once  the  establishment  of  a  village,  planting  at  the 
same  time  hundreds  of  date-palms,  and  thus  giving 
up  their  former  nomadic  life. 

Ar-tic'u-la-tor.  1.  An  apparatus  for  obtaining 
correct  articulation  of  artificial  dentures. 

The  lower  plate  is  modeled  from  the  natural  jaw. 

Fig.  886. 


Denture  ArtieulaSor. 

and  moves  on  cone-shaped  pivots  in  V-shaped  grooves 
without  hinges,  being  retamed  in  i>osition  by  elas- 
-     tic  rubber  bands  or  rings.     A 
Fig.  886.  backward,  forward,  and  lateral 

motion  is  provided  for,  corre- 
sponding with  the  movements 
of  the  natural  jaw,  by  which  the 
arrangement  of  the  denture  can 
be  practically  tested  without  dis- 
turbing the  articulation.  The 
upper  plate  has  a  backward  and 
forward  movement  of  two  inch- 
es, and  may  be  retained  at  any 
point  by  the  set-screw.  The 
upper  plate  has  a  double  bend, 
so  that,  when  reversed  from  the 
position  shown  in  the  cut,  an 
increase  of  one  inch  in  the  space 
is  obtained  between  the  plates, 
allowing  for  both  upper  and 
ArtieuUuor.  lower  dentures. 


Leather, 

Artificial. 

Leech 

(( 

Leg 

<( 

Limb 

« 

Nipple 

(< 

Nose 

<( 

Palate 

(( 

Pearls 

(( 

PupU 

(( 

Stone 

<i 

Teeth 

<i 

Tympanum  " 
Wood 

2.  An  instrument  for  the  cure  of  stanimering.  A 
tube  in  the  mouth  permits  the  passage  of  air,  when 
the  muscles  of  the  mouth  are  suddenly  closed  by 
spasmodic  action.  A  strap  around  the  throa.t  has  a 
pad  whose  pressure  is  regulated  by  a  ispring.  Its 
action  is  to  keep  the  glottis  open,  and  prevent  the 
spasmodic  constriction  which  is  the  cause  of  the 
trouble  in  articulation. 

Ar-tl-fi'cial .    An  object  imitating  nature, 

such  as  an  artificial  stein  or  flower;  sometimes  having 
a  prosthetic  purpose,  as  an  artificial  lirnJb  or  eye. 

See  under  the  respective  heads  :  — 

Arm,  Artificial. 

Auricle    ** 

Cork 

Ear 

Eye 

Flowers   ** 

Foot 

Fuel 

Gems       ** 

Gums      ** 

Hand       ** 

Horizon  ** 

Horn 

Ivory       ** 

Ar-tiller-y.  The  word  seems  to  have  a  very 
extended  signification,  having  been  ori^nally  applied 
to  military  engines  of  every  description  capable  of  • 
throwing  heavy  missiles,  as  the  ballista,  catapult, 
etc.  Uzziah  made  use  of  them  at  Jerusalem  810 
B.  c.  They  are  described  (2  Chronicles  xxvi.  15)  as 
**  invented  by  cunning  men,  t6  be  on  the  towers 
and  upon  the  bulwarks,  to  shoot  arrows  and  g<%at 
stones  withal."  The  Chinese  claim  to  have  used 
cannon  618  B.  c,  and  engines  for  throwing  heavy 
stones  yrere  used  in  Sicily  300  B.  c.  Each  Roman 
Legion  under  the  early  emperors  was  furnished  i^-ith 
an  artillery  train,  consistmg  of  10  lai^er  and  55 
smaller  engines  for  throwing  stones  and  darts,  which 
accompanied  it  on  its  marches.  These  engines  ap- 
pear to  have  corresponded  to  the  siege  artillery  of 
modem  times,  and  were  merely  employed  in  the  at- 
tack and  defence  of  fortified  places.  Their  want 
of  portability  probably  prevented  them  from  being 
of  much  service  in  pitched  battles  on  the  open  field. 
The  date  of  the  introduction  of  fire-arms  as  artillery 
appears  involved  in  great  obscurity.  The  artillery 
of  the  Moors  is  said  to  date  back  to  1118  ;  from  the 
few  faint  and  imperfect  allusions  which  occur  here 
and  there  in  old  writers,  it  seems  pi-obable  that 
their  invention  bore  some  analogy  to  rockets,  or  the 
projectile  was  self-propelling. 

The  following  are  some  of  the  dates  ascribed  to 
the  introduction  of  some  military  engines  and  artil- 
lery :  — 

Catapult  invented  by  Dionysius  of  Syracuse,  b.  c.  899 
Gunpowder  artillery  used  in  China  a.d.   85 

Cannon  throwing  stones,  weighing  12  pounds, 

300  pacea 757 

The  Moors  use  artillery  in  attacking  Sara- 


1118 
Tlie  Moors  use  engines  throwing  stones  and 

darts  by  means  of  fire    ....  1157 
The  Chinese  employ  cannon  throwing  round- 
stone  shot  against  the  Mongols  1232 
Cordova  attacked   by  artillery                  .  1280 
A  mortar  for  destroying  buildings,  etc.  de- 
scribed by  Al  MaiUa,  an  Arab  historian        .  1 291 
Gibraltar  taken  by  means  of  artillery  1308 
A  cannon  in  the  arsenal  at  Bamberg     .  1323 
Balls  of  iron  thrown  by  means  of  fire  used  by 
the  Moors 1331 
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Ten  cannon  prepared  for  the  siege  of  Cam- 
bray  1339 

The  Moors  defend  Algesiras  against  Alphonso 

XI.  by  means  of  mortars               .        .        1343 
Four  pieces  said  to  have  been  used  by  Ed- 
ward III.  at  Crecy    1346 

An  iron  gun  with  a  square  bore,  for  carrying 
a  cubical  shot  of  11  pounds'  weight,  made  at 

Bruges J346 

Artillery  used  by  the  Venetians  at  the  siege 

ofChioggia 1366 

Artillery  used  by  the  Turks  at  the  siege  of 

Constantinople 1394 

Red-hot  balls  nred  by  the  English  at  the  siege 

of  Cherbourg 1418 

The  great  cannon  of  Mahomet  II.  employed 

against  Constantinople  ...         1 453 

Louis  XI.  of  France  has  twelve  cannon  cast  to 

throw  metallic  shot,  for  use  as  a  siege  train.  1 477 
Brass  cannon  first  cast  in  England  .  .  1521 
Iron       '*         "       "    u        *i  1547 

Howitzers  introduced        ....         1697 
Maritz  of  Geneva  introduces  the  method  of 

casting  guns  solid  and  boring  them  out      .     1749 
Carronades  invented  by  General  Melville  .         1779 
Forcontinuationof  the  subject  and  details,  see  Ord- 
nance ;  MouTARS  ;  Projectiles  ;  Weapons,  etc. 
In  European  services,  artillery  is  divided  into 
Field  Artillery  Horse  Artillery 

Foot         **  Marine      *• 

Garrison  **  Siege         ** 

Heavy      **  Standing  ** 

Ar-tUler-y  Car'riage.  In  the  United  States 
service,  wrought-iron  is  now  exclusively  used  as  a 
material  for  garrison  and  sea-coast  gun-carriages. 

Experiments  have  also  been  made,  promising  a 
successful  result,  upon  wrought-iron  for  field  car- 
riages. 

The  only  field  carriages  so  called  now  used  in  the 
United  States  service  are  those  for  the  3-inch 
rifled  and  the  12-pounder  smooth-bore  gun,  the  6- 
pounder  smooth-bore,  the  12,  24,  and  32  pounder 
nowitzers  having  gone  out  of  use. 

The  term  *  Afield  carriages  "  is  in  the  service  only 
applied  to  such  as  are  employed  as  light  artillery : 
those  adapted  for  the  4i-mch  rifled,  tne  18  and  24 
pounder  smooth-bore  guns  being  denominated  siege  ; 
and  those  for  the  larger  calibers,  from  32-pounder  to 
20-inch,  and  for  the  larger  rifled  guns,  being  denomi- 
nated sect-coast  and  garrison.  The  construction  of 
field  and  siege  carriages)  is  necessarily  very  similar, 
both  being  intended  to  transport  the  guns  mounted 
on  them,  as  well  as  to  afford  a  support  during 
firing ;  while  garrison  gun-carriages  are  merely  in- 
tended to  subserve  the  latter  purpose,  not  requiring 
to  be  moved,  except  from  one  front  of  a  fortihcation 
to  another. 

The  main  wooden  parts  of  a  field  gun-carriage  are 
the  stock,  the  cheeks,  and  the  wheels. 

For  gun-carriages  which  are  intended  permanently 
to  remain  in  position,  an  additional  fixture  is  re- 
quired, —  the  chassis  ;  a  frame,  as  the  word  implies, 
on  which  the  carriage  rests,  and  by  means  of  which 
it  is  aimed  in  a  horizontal  direction,  and  upon  which 
it  is  run  backward  and  forward. 

The  iron  parts  of  a  field  gun-carriage  are  very 
numerous,  the  principal  being  the  lunetU  at  the  end 
of  the  stock  ;  the  trunnuni  plates^  on  which  the 
trunnions  of  the  gun  rest ;  the  cap-squares,  which 
cover  the  trunnions  and  prevent  the  gun  jumping 
off  at  the  moment  of  finng ;  the  proTonge  hooks, 
around  which  the  prolonge  is  coiled  ;  and  the  bands 
at  the  ends  of  the  cheeks  and  around  the  axle. 


There  are  also  arrangements  for  supporting  the 
two  rammers  and  sponges,  the  worm,  and  the  ma- 
ncuvering  handspikes. 

Ar-tiller-y  Lev'el.  An  instrument  adapted  to 
stand  on  a  piece  of  ordnance,  and  indicate  by  a  pen- 
dulous pointer  the  angle  which  the  axis  of  the  piece 
bears  to  the  horizontal  plane.  By  its  means  any 
required  angle  of  elevation  is  given  to  the  piece. 

Ar'ti-mor-an'ti-co.  An  alloy  of  tin,  sulphur, 
bismuth,  and  copper,  made  in  imitation  of  the  an- 
cient j ewelry .  1  Resembles  gold  of  1 8  carats  purity, 
and  is  made  in  Italy  for  factitious  trinkets. 

Artz'ber-ger.  A  device  which  originated  on  the 
continent  of  Europe,  and  was  used  in  England  in  the 
early  part  of  the  present  century  as  an  intermediate 
between  the  piston-rod  and  the  axle  to  be  driven. 

The  power  of  the  steam-engine,  as  in  the  Griffith 
Steam  Carriage,  1821,  is  communicated  from  the 
piston-rods  to  the  axle  of  the  driving-wheels,  through 
the  means  of  sweep-rods,  the  lower  ends  of  which 
are  provided  \*ith  driving  pinions  and  detents,  which 
operate  upon  toothed  gear  altaclied  to  the  driving- 
w-heel  axle.  The  object  is  to  keep  the  driving-pin- 
ions always  ia  gear  with  the  toothed  wheels,  how- 
ever much  the  engine  or  carriage  may  vibrate. 

A8-bestu8.  A  fibrous  mineral  which  may  be 
split  into  threads  and  filaments  and  resists  fire.  It 
is  also  known  as  amiajiihtts,  or  earth-flax.  The 
nanie  indicates  the  substance,  or  rather  the  quality 
(in  Greek,  asbestos, — inextinguishable).  Ithaamany 
uses  among  the  ancients.  ■  Mineralogically  speaking, 
it  is  a  variety  of  hornblende  and  pyroxene,  and 
occurs  in  many  parts  of  the  world.  It  is  found  in 
great  abundance  in  a  few  localities  in  the  United 
States,  and  great  attention  is  now  directed  to  fitting 
it  for  the  uses  of  the  aris  and  manufactures. 

The  notices  of  its  uses  among  the  ancients  are 
numerous.  Herodotus  refers  to  cloth  made  of  it  by 
the  Egyptians.  Its  uses  for  paper,  napkins,  socks, 
drawers,  nandkerchiefs,  are  referred  to  by  Varro,  Stra- 
bo,  and  Pliny.  Marco  Polo  mentions  it,  and  Baptista 
Porta  speaks  of  its  being  spun  in  Venice.  Asbestus 
cerements  and  wrappings  for  the  bodies  of  the  dead 
previous  t-o  incremation  were  in  common  use  with 
those  whose  circumstances  permitted  it.  Shrouds 
of  asbestus  of  the  time  of  the  Roman  Emperors  have 
been  discovered,  and  are  in  the  museums  of  the 
Vatican  and  of  Naples.  The  Romans  dug  their 
asbestus  in  Corsica  ;   their  mica  in  Spain. 

Its  modem  uses  are  indicated  in  the  following 
patents,  and  the  enumeration  is  made  at  some  length, 
as  the  subject  has  been  but  lately  revived,  and  one 
interested  can  in  no  other  way  so  readily  reach  the 
present  state  of  the  art,  — to  borrow  the  conventional 
phrase,  which  is  as  gooil  as  anv  other.  • 

1.  Safes,  lining  for :     W.  Man;  English,     1834. 
.  Hyatt,  several  patents,  United  States,  1869-70. 

2.  Lamp- wick  :  British  patents : 

2071  of  1853.  145  of  1857. 

2647  of  1855.  1610  of  1863. 

Lord  Cochrane,  1818. 

8.  Absorbent  in  lamps  :  Boyd,  1869. 

Beschke,  1866. 
in  carburetors  :  Bassett,  1862. 

4.  Fire-brick  and  crucibles :  Peters,  1862. 

English  patent  2318  of  1862,  asbestos,  fire- 

clay,  and  graphite. 
Lewis,  1871..  A  covering  of  asbestus  twisted 

into  a  Top  and  wound  around  a  crucible. 

5.  Packing  for  hot-air  engines  :  Lanbereau,  1859. 

for  explosive  engines  :  Drake,  1865. 

for  steam  -  engines  :  Drake,    1865. 

combined  with  hair  :  Murphey,  1870. 

loose  flock  asbestus  ;  Hoke. 
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Peters,  1862. 

Selden  and  Kidd,  1865. 

Spencer,  1868. 

French,  1869. 


6.  Boiler  covering : 

Hardy,  1869. 
Murphy*  1870. 
RUey,  1871. 
Murfey,  1870. 

7.  For  forming  a  radiating  snrface,  as  in  gas- 
stoves,  fire-grates,  and  broilers. 

8.  In  porcelain  manufactures,  of  teeth  especially, 
placed  on  the  side  of  a  muffle  to  isolate  the  bis- 
cuit from  the  slide,  to  preveut  its  becoming  at- 
tached thereto  in  the  process  of  baking. 

9.  As  an  anti-friction  composition  for  journal- 
bearings,  pistons,  etc. 

British  patent,  2048  of  1858.  Devlin,  1860. 
Peters,  1862.  Devlin,  1865. 

Botticher  :  witli  soapstone  and  cotton,  1864. 
Kelly  :  with  graphite  and  iron-filings,  1870. 
Johns:  with  caoutchouc,  1868. 

10.  For  molded  articles  :  Whitmarsh,  1868. 

11.  For  roofing  cement :  Johns,  1868. 
Kidwell,  1868.                            Moore,  1868. 

12.  Flooring  cement :  Whitmarsh,  1867. 
18.  Electric  insulator :  English  patent,  362  of  1865. 

14.  In  refrigerators :  Hyatt,  1870. 

15.  In  ink  :  Smilie,  1863. 

16.  For  paper  :        English  patent,  1413  of  1853. 
Johns,  1868.     Schaeffer    on    Paper,   an  old 

German  book,  describes  asbestus  paper,  and 
contains  a  specimen. 

17.  For  coffins  —  mixed  vrith  clay  :  1870. 

18.  For  ropes  strengthened  with  other  materials, 

Stevens,  1870  and  1871. 

19.  For  yam  :  separated  into  filaments  by  alkaline 
treatment,  and  then  treated  like  wool : 

Rosenthal's  patent,  1872. 

As-bes'tus  Stove.  A  stove  heated  by  ^  and 
having  asbestus  spread  over  the  perforated  pipes,  in 
order  to  obtain  an  incandescent  mass,  which  radiates 
heat,  but  does  not  consume. 

Asbestus  is  used  for  lamp-wicks  ;  as  a  filling  for 
iron  safes ;  for  firemen's  clothes  ;  and  in  the  laoora- 
tory  as  a  wrapper  for  articles  which  are  to  be  con- 
sumed to  ashes.    See  Asbestus. 

As-oend'ing  Let'ter.  (Printing.)  Capital  let- 
ters, and  the  small  ones  which  rise  above  the  line. 
They  are  6,  rf,  /,  A,  k,  (. 

As'oi-a.    (jSargical.)    An  axe-shaped  bandage. 

Ash'ea  B-jeo'tor.  An  arrangement  on  board 
large  steam- vessels  to  reduce  the  labor  of  hoisting 
out  the  ashes  in  buckets. 

A  chamber  or  tube  is  formed,  rising  from  the 
stoke-holes,  and  opening  above  the  water-line  into 
the  sea.  By  means  of  a  jet  of  steam  the  ashes  are 
directly  driven  from  the  engine-room  into  the  sea, 
through  the  tube,  the  arrangement  of  which  prevents 
the  possibility  of  its  being  choked  up.  A  similar 
method  has  also  been  adopted  on  stationary  land- 
engines  whose  boilers  are  fixed  below  ground. 

Ash'-fur-naoe.  A  furnace  in  which  the  mate- 
rials for  glass-making  are  fritted. 

Ash'lar;  Ashler.  {Masonry.)  1.  (a)  Rough  Ash- 
lar :  a  block  of  freestone  as  brought  from  the  quarry. 

(6)  Smooth  Ashlar  ;  a  block  dressed  ready  for  use. 

(c)  Flane  Ashlar ;  a  block  in  which  the  marks  of 
the  tool  are  dressed  out. 

(d)  Tooled  Ashlar  ;  a  block  in  which  the  surface 
has  parallel  vertical  flutes. 

(e)  Random-tooled  Ashlar  ;  a  block  whose  git)OV- 
ings  are  irregularly  cut  with  a  broarl  tool. 

if)  Chiseled  Ashlar;  a  random -tooled  ashlar, 
wrought  with  a  narrow  chisel. 

ig)  Boasted  Ashlar  ;  same  as  chiseled. 

(A)  Pick  or  Haminer-dressed :  it  is  known  as  Com- 
mon Ashlar. 


(i)  Bastard  Ashlar  is  asUlar-work  backed  up  with 
inferior  work. 

(J)  Pointed  Ashlar ;  the  face-marking  done  by  a 
pointed  tool  or  one  very  narrow. 

{k)  Rusticated  Ashlar  ;  the  face  of  the  block  pro- 
jects from  the  joint,  the  arrises  bein^  beveled.  It 
may  be  rough  or  smooth-faced,  or  variously  tooled. 

(/)  Herring-bone  Ashlar  has  a  tooling  of  oblique 
flutes  in  ranks  running  in  alternate  directions. 

(w)  Nigged  Ashlar  ;  a  building-block  dressed  with 
a  pointed  hammer. 

(«)  Prison  Ashlar ;  the  surface  is  wrought  into 
holes. 

A  smooth  face  around  the  joint  is  called  a  margin- 
draft. 

The  walls  of  the  principal  entrance  of  the  gate  at 
Thebes  are  at  their  base  not  less  than  60  feet  in 
thickness,  llie  stones  are  squared  on  all  sides,  not 
merely  on  the  external  faces,  and  are  built-in  solid, 
no  rvhble-toork  being  introduced  to  fill  up  the  space 
between  the  facing  walls. 

The  face  of  an  ashlar  is  the  front  exposed  surface 
when  built  into  the  wall. 

Flanks  ;  the  sides. 

Beds;  upper  and  lower  surfaces. 

Back  ;  rear  surface. 

2.  {Ashlar.)  A  facing  of  squared  stones  or  thin 
slabs  used  to  cover  walls  of  brick  or  rubble. 

3.  (Carpentry.)  A  vertical  strut  or  quartering 
uniting  the  floor-joisting  of  the  garret  with  the 
rafters  above,  forming  the  studding  for  the  wall  of 
the  half-story  room,  cutting  off  an  acute  angle 
which  may  be  utilized  for  closets. 

Ash'-leach.    A  hopper  in  which  ashes  are  placed 
while     the     soluble 
salts     are     removed  Fig.  887. 

by  lixiviation.  The 
leach  is  suspended 
upon  journals  which 
have  bearings  in  the 
standards  of  the 
frame.  The  axis  is 
at  or  about  the  cen- 
ter of  gravity,  so 
that  the  leacli  may 
be  tipj)ed  to  dis- 
chai^ge  Its  spent  con- 
tents. A  hook  and 
staple  hold  it  in  op- 
erative position. 

Ash'ler-ing. 
(Carpentry. )  Short 
upright  nieces  be- 
tween the  noor-beams 
and  raftera  in  gar- 
rets for  nailing  the 
laths  to.     This  cuts 

off  the  sharp  angles  beti^een  the  floor  and  ceiling, 
giving  a  more  convenient  and  tasteful  appearance 
to  the  room.     Ashlarino. 

Ash'-pit  A  cavity  below  the  grate-bars  of  a 
furnace  for  receiving  the  ashes. 

Ash'-plate.     The  back  plate  of  a  furnace. 

Ash  and  Coal  Sift'er.  Sifters  for  coal  are 
made  on  a  large  scale  for  mines,  and  are  actuat^'d  by 
machinery,  the  object  being  to  remove  the  dust 
which  is  unsuitable  for  ordinary  stoves  and  fur- 
naces. They  consist  of  rotary  wire-screens  into 
which  the  coal  is  jjassed,  or  of  a  succession  of  in- 
clined screens  over  whifh  the  coal  passes  by  gravity, 
the  jarring  of  the  pieces  assisting  in  keeping  oi>en 
the  meshes  of  the  screen. 

For  household  use,  as  ash-sifters,  they  assume 
several  fonus,  —  rotary  screens  ;  reciprocating  sieves 


Ash-Leaek. 
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Fig.  888. 


Rotary  SiJUr. 


in  boxes ;  oscillating 
sieves  adapted  to  fit  the 
tops  of  barrels  ;  consec- 
utive incliued  sieves, 
which  sort  the  material 
into  grades  ;  and  sifters 
adapted  to  the  ash-pits 
of  stoves  and  furnaces. 
In  Fig.  388  the  wire 
sieve  is  volute-shaped 
in  transverse  section, 
and  its  horizontal  shaft 
revolves  on  bearings  in 
a  case.  The  lid  of  the 
latter  opens  to  charge 
the  sieve  when  its  open 
mouth  is  presented  up- 
wardly, as  in  the  .cut. 
By  revolving  in  one  di- 
rection the  contents  are 
retained  in  the  sieve, 
except  the  dust,  which 
The  operation  completed, 


falls  through  the  meshes, 

the  sieve  is  revolved  in  the  other  direction,  which 

discharges  the  larger 


fig.  889. 


AshrSifter. 


contents  into  a  re- 
ceptacle placed  to 
receive  them. 

In  Fig.  389  a  cen- 
tral bearing  is  sup- 
ported by  radial  arms 
inside  the  barrel, 
and  supports  the  cir- 
cular sieve  which  Is 
oscillated  above  it. 
The  central  post  of 
the  sieve  passes 
through  a  hole  in 
the  cover,  and  a 
cross-handle  above 
affords  the  means  of 
agitation. 

The  sifter  for 
stove-hearths  has  a 
handle  and  a  spout,  and  is  placed  below  the  hearth- 
plate  in  the  ash-pit  of  the  stove.     Its  office  is  to 

catch  the  ashes 
Kg- 880.  from  the  grate. 

It  is  vibratable 
in  place,  while 
the  nearth-plate 
prevents  the  es- 
cape of  dust. 
The  finer  por- 
tions fall  into 
the  pan  below, 
and  the  contents 
of  the  sieve  are 
thrown  on  the 
fire.  There  are  over  eighty  patents  on  ash  and  coal 
sifters.  • 

•  As-phalt'  Pave^mant.  As  employed  in  Europe, 
this  is  prepared  from  a  dark  brown  bituminous  lime- 
stone which  is  found  in  the  neighborhood  of  the 
Jura  Mountains.  This  stone  is  reduced  to  powdej, 
mixed  with  mineral  tar  and  grit,  and  the  whole 
exposed  for  several  hours  to  a  strong  heat  in  large 
caldrons,  being  continually  stiiTed  until  the  in- 
f;redients  are  thoroughly  united.  The  composition 
18  then  run  into  molds  forming  cakes  about  eigh- 
teen inches  square  and  six  inches  thick,  and  weigh- 
ing 126  or  130  pounds.  The  blocks  are  laid  upon 
good,  well-rammed  foundations.  They  do  not  ap- 
pear to  stand  the  wear  incident  to  a  large  city,  but 


Stove-Hiearth  Ash- Sifter. 


have  been  laid  with  advantage  in  corridors  and  as 
pavement  in  railroad  stations  in  Europe.  Various 
analogous  compounds  have  been  patented  in  the 
United  States  for  paving  and  roofing.  See  Pave- 
ment ;  Roofing. 

Afl-phal'tum  Fur'nace.  Asphaltum,  or  native 
bitumen,  is  largely  used  for  pavements,  roads,  roofs, 
and  as  a  water-proof  cement.  For  pavements,  etc., 
it  is  mixed  with  sand  or  gravel,  ana  laid  while  hoi 
upon  a  foundation  of  broken  stones,  pebbles,  oi 
gravel.  The  Seyssel  Asphalt  is  a  compound  of  a 
bituminous  limestone,  ground  fine,  heated,  mixed 
with  a  small  poi-tion  of  tar,  and  considerable  sand. 
The  material  is  brought  from  the  Jura  Mouh  tains, 
and,  for  a  while,  was  very  popular  in  Europe.       • 

Beds  of  mineral  pitch  exist  in  many  parts  of  the 
world,  and  are  applied  as  fuel,  to  yield  a  liquid 
hydrocarbon,  for  paying  woodwork,  as  cement,  and, 
as  has  been  said,  for  roofing,  paving,  etc.  As  it 
re(juires  to  be  laid  on  while  not,  a  portable  furnace 
(Fig.  420)  is  required,  from  whose  boiler  it  is  ladled 


A^ahaUum  Furnace. 

out  and  spread  in  its  warm,  plastic  condition  upon 
the  surface  to  be  treated. 

A  number  of  formulas  for  compounding  the  mate- 
rial will  be  given  under  Roofing  (which  see). 

In  laving  pavement,  the  thickness  of  the  asphaltum 
is  regulat^l  by  strips  of  wood,  dividing  the  space 
into  transverse  sections.  The  material  is  spread  by 
the  shovel  or  a  wooden  spatula,  and  the  surface 
beveled  by  a  floating  rule  which  rests  upon  the 
upper  edge  of  the  strips.  Slate  dust,  fine  sand, 
plaster  of  Pari.s  etc.,  may  be  dusted  upon  the  top. 

As'pi-ra'tor.  An  apparatus  for  passing  a  regu- 
lated supply  of  air  in  contact  with  a  contrivance 
which  determines  its  chemical  character  or  its  con- 
dition, hygrometric  or  otherwise ;  or  for  passing 
given  quantities  of  air  in  contact  with  a  substance 
whose  changes  are  the  subject  of  observation.  A 
jar  filled  with  water  is  provided  with  a  cock,  by 
which  the  water  is  allowed  to  escape  at  a  given  rate. 
The  space  in  the  jar,  above  the  water,  is  connected 
by  a  flexible  pipe  with  the  duct  in  which  the  chem- 
ical ingredients  are  placed  or  witli  the  hygrometer 
chamber.  The  uses  are  various,  and  will  readily 
occur  to  the  expert,  in  connection  vnth.  the  quanti- 
tative admission  of  air  or  gases  to  chemical  solutions, 
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Fig.  882.  ignited  tapers,  or 

oi^nic  matters. 
The  measure  of 
the  water  which 
has  flowed  from 
the  jar  is  of 
course  coincident 
with  the  air 
which  has  taken 
its  place. 

The  use  of  the 
aspirator  is  rec- 
ommended in  the 
healing  of  great 
amputations,  by 
Maisonncuve, 
Surgeon  of  the 
Hotel  Dieu,  Par- 
is.  The  liquids 
exuding  from  the 
surface  of  the 
wound  coming  in 
contact  with  the 
air,  poisonous 
putrefaction  en- 
sues ;  to  arrest 
this  action,  Dr. 
Aspirator.  Maisonneuve,  af- 

ter dressing  the 
wound  with  lint  saturated  with  antiseptic  liquids, 
brings  into  use  an  aspiratoiy  apparatus  which  with- 
draws the  contaminated  air 
Fig.  898.  from   the  presence  of   the 

Jl^»•  wound. 

A  form  of  aspirator  in- 
vented by  Spreneel  is  now 
miicli  used  in  the  labora- 
tories in  Europe,  esnecially 
in  expediting  filtering. 
The  water  from  a  reservoir 
passes  in  by  the  supplv- 
pipe  Af  and  drops  into  the 
discharge-pipe  C',  carrjing 
with  it  a  pellicle  of  air ; 
this  is  repeated  in  quick  suc- 
ceasion,  and  the  effect  is  to 
withdraw  air  bythe  pipe  B^ 
from  the  chamber  with 
which  the  said  pipe  is  con- 
nected. The  discharse-pipc 
C  is  30  feet  lony.  The  vac- 
uum attained  is  said  to  be 
as  high  as  29  inches  of  mei^ 
cury. 

Sprengel  used  mercury, 
which  permits  a  discharge- 
pipe  of  say  three  feet  in 
length.  Bunsen  lengthened 
the  pipe  and  used  water. 

Guerin's    apparatus    for 
this  purpose  consists  of  a 
hemispherical  balloon  pro- 
-  -  vided   with    three    tubula- 

SprengeVt  Asptratot.  tures,  the  central  and  lar- 
gest one  being  fitted  with  a 
manometer  of  very  simple  construction,  a  gradu- 
ated glass  tube  terminated  by  an  india-rubber  ball 
filled  with  mercury.  The  ball  is  inclosed  in  the 
balloon,  so  that  in  proportion  to  the  vacuum  effected 
in  the  latter  the  former  is  dilated,  in  consequence  of 
which  the  mercury  in  the  tube  falls,  a  .scale  showing 
the  amount  of  fall,  and  hence  also  the  degree  of 
rarefaction  in  the  balloon.  The  second  tubulature 
receives  a  tube  communicating  with  the  receiver  of 


an  air-pump ;  and  by  a  third,  communication  is 
efTectea  between  the  balloon  and  each  patient  or 
hospital  bed  by  means  of  india-rubber  tubes,  so  that 
''pneumatic  occlusion,"  as  it  is  called,  may  be  ex- 
tended simultaneously  to  all  the  patients  confined  in 
the  same  surgical  ward.  There  are  stop-cocks  for 
regulating  the  degree  of  vacuum  in  the  central  ves- 
sel, and  the  part  under  treatment  is  covered  i**ith  a 
sort  of  india-rubber  hood  which  protects  it  in  each 
case  from  the  action  of  the  external  air. 

Aspirators  are  also  used  to  prevent  the  heating 
of  grain  in  bulk,  by  causing  a  constant  circulation 
of  air  through  its  mass. 

The  aspirator,  substantially  as  shown  in  Fig.  393, 
is  used  in  maintaining  a  partial  vacuum  in  the  con- 
densers of  steam-engines,  vacuum-pans,  etc.,  where 
a  discharge-pipe  of  30  feet  perpendicular  length  can 
be  obtained. 

The  aspirator  is  also  used  in  picking  up  pieces  or 
sheets  6f  paper,  for  feeding  into  paper-folding  or 
envelope  macliines. 

As-pir'ing  Painp.  1.  A  pump  in  which  the 
mechanical  action  is  due  to  the  forcible  ejection  of 
air  from  the  lungs.     A  suction-pump. 

2.  A  pump  used  to  draw  air  from  a  chamber  or 
vessel.     See  Aspirator. 

Aa8.  {Paper- Making,)  A  post  in  the  bridge  of 
a  pulp-vat  to  lay  the  mold  upon  while  the  water 
drains  from  it.    Used  in  the  hand- made  paper  work. 

AB-sa7^  An  operation  for  testing  the  propor- 
tion of  any  metal  in  an  ore  or  alloy. 

There  are  several  modes  of  procedure  :  — 

1.  By  specific  graWty. 

2.  Bv  the  touchstone. 

3.  The  wet  method,  —  by  liquid  solvents. 

4.  The  dry  method,  —  by  fluxes  and  fire. 
As-say'  Bal'ance.    A  delicate  balance  used  in 

assaying.     See  Balance. 

As-say'  Fur'nace.    A  Fig.  894. 

furnace  with  a  chamber  or 
muffle  in  which  the  metal 
is  exposed  to  heat. 

The  funiaces  used  for  cu- 
pellation  differ  considera- 
t)ly  in  shape  and  mode  of 
construction  :   one  form  is  Cypd. 

represented  in  Fig.  395. 

The  muffle  a  is  an  oven-shaped  vessel  made  of 
baked  fire-clay,  closed  at  one  end  and  open  at  the 
other,  and 


generally 
having  also 
openings  in 
its  sides  and 
top  ;  its  in- 
ner closed  ex- 
tremity usu- 
ally rests  on 
a  ledge  or 
shelf  in  the 
furnace,  and 
its  open  end 
is  luted  to  the 
entrance  of 
the  furnace, 
and  has  be- 
fore it  a  small 
platform  on 
which  the 
hot  cupels 
(shown  on  an 
enlarged 
scale  in  Tig. 
394)        can 


Fig.  885. 


Muffle  and  Fumaee. 
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staDd  when  withdrawn  from  it.  I n  this  position  it  can 
be  equally  heated  in  every  part,  while  the  apertures 
in  the  sides  and  top  allow  a  current  of  air  to  pass 
through  its  interior  and  into  the  furnace  itself. 

As-se-gai'.  A  light  projectile  spear  employed 
by  the  Kaifirs. 

As-aem'bling.  By  assembling  b  understood 
the  act  of  putting  in  their  respective  places  and  fas- 
tening together  the  component  parts  of  an  article 
composed  of  a  number  of  distinct  pieces,  so  as  to 
form  a  complete  and  perfect  whole  ;  as,  the  cheeks 
and  stock  of  a  gun-carriage,  with  their  connected 
parts  ;  the  lock,  stock,  ana  barrel  of  a  musket,  etc. 

The  term  is  more  peculiarly  applicable  to  the  tit- 
ting  together  parts  which  are  maae  strictly  to  fixed 
shapes  and  dimensions  so  as  to  be  promiscuously  in- 
terchangeable. 

The  system  of  interchangeability  of  parts  was  first 
introduced  into  the  French  Artillery  service  by 
General  Gribeauval,  about  the  year  1765. 

Previous  to  this  time  each  part  of  a  gun-carriage 
was  made  specially  for  that  ^^rriage  alone,  and 
could  not  be  used  for  repairing  any  other,  unless 
after  extensive  alterations.  Gribeauval  simplified 
the  system,  or  rather  want  of  system,  then  in  vogue, 
by  reducing  the  carriages  into  classes,  and  so  arran- 
ging many  of  the  parts  that  thev  could  be  applied  in- 
discriminately to  all  carriages  of  the  cla.ss  for  which 
they  were  made.'  This  system  was  farther  simplified 
and  extended,  and  was  finally  applied  in  the 
United  States  arsenals  and  armories  to  all  articles 
made  up  of  pieces,  the  improvements- in  machinery 
enabling  most  articles  to  be  made  accurjitely  to  ]mt- 
tem  without  depending  on  the  e^e  and  hand  of  the 
workman.  This  has  been  earned  to  a  very  high 
pitch  of  improvement  by  means  of  the  machinery  at 
the  Colt's  arms  factory  and  other  manufactories  of 
small-arms  in  this  country  ;  and  the  beauty  and  util- 
ity of  the  system,  by  which  exact  equality  of  di- 
mensions is  insured  in  ever}'  one  among  thousands 
of  almost  microscopic  screws  and  other  small  parts, 
are  particularly  exemplified  in  the  work  of  the  Amer- 
ican watch  and  sewing-machine  companies. 

This  system  of  interchangeability  and  assemblage, 
which  by  enabling  a  large  proportion  of  perfect  and 
serviceable  articles  to  be  made  up  from  the  parts  of 
similar  articles  which  have  been  broken  or  injured 
in  use,  instead  of  permitting  them  to  be  cast  into 
the  scrap-heap,  is  one  of  the  most  beautiful  triumphs 
of  modem  mechanism. 

It  has  proved  itself  capable  of  adaptation  to  large 
as  well  as  small  machinery,  and  is  now  applied 
to  the  locomotives  of  the  Pennsylvania  Central  Kail- 
road,  whose  parts  are  made  interchangeable. 

The  first  notice  in  this  country  of  this  excellent 
mode  of  manufacturing  a  number  of  articles  designed 
to  be  exactly  similar,  is  the  breech-loading  rifle  of 
John  H.  Hall,  of  North  Yarmouth,  Massachusetts, 
patented  May  21,  1811,  and  which  he  refers^  to  in 
the  following  tenns  in  a  letter  to  the  War  Depart- 
ment :  "Only  one  point  now  remains  to  bring  the 
rifles  to  the  utmost  perfection,  which  I  shall  attempt 
if  the  government  contracts  with  me  for  the  guns  to 
any  considerable  amount,  namely,  to  make  eveir 
similar  part  of  every  gun  so  much  alike  that  it  will 
suit  every  gun,  so  that'  if  1,000  guns  are  taken 
apart  and  the  limbs  thrown  promiscuously  together 
in  one  heap,  they  may  be  taken  promiscuously  from 
the  heap  and  will  all  come  right. ' 

In  1816,  100  of  these  arms  were  made  ;  2,000,  in 
1827.  In  1836  Congress  voted  $10,000  to  Hall, 
bein^  at  the  rate  of  one  dollar  per  arm  for  all  made 
on  his  principle  to  date. 

As^em^ling  Bolt    One  used  for  holding  to- 


Astatic  Needle 


gethef*  two  or  more  removable  pieces,  as  the  cheeks 
and  stock  of  a  field  gun-carriage. 

As-sis'tant  En^gine.  An  accessory  locomotive, 
to  assist  the  ordinary  train  engine  in  ascending 
heavy  grades. 

A  donkey  engine.  A  small  engine  used  in  oper- 
ating a  large  one  for  moving  the  lever,  or  carr}'ing 
the  ny-wheel  over  a  dead-center. 

Aa-Bize'.  A'  layer  of  stone,  or  one  of  the  cylin- 
drical blocks  in  a  column.  The  number  of  ctssizes 
in  the  Great  Pyramid  was  20S  (Kenrick).  Several 
have  been  removed  from  the  apex,  which  now  pre- 
sents a  platform  of  26  feet  square.  The  assizes  vary 
from  two  feet  two  inches  to  four  feet  ten  inches  in 
depth.  From  five  to  twelve  feet  is  the  common 
length  of  the  stones,  except  in  the  king's  chamber. 

A  column  is  said  to  be  numolWiic,  or  else  to  consist 
of  assizes. 

A-stat'io  Nee'dle.  A  magnetized  needle  whose 
polarity  is  balanced 

so  as  to  remove  its  Kg.  896. 

tendency  to  assume 
any  given  direc- 
tion. 

It  was  in  1820 
that  Oersted,  of  Co- 
penhagen, an- 
nounced that  the 
conducting  wire  of 
a  voltaic  circuit 
acts  upon  the  magnetic  needle,  and  thns  recalled 
into  activity  that  endeavor  to  connect  magnetism 
with  electricity  which,  though  apparently  on  many 
accounts  so  hopeful,  had  hitherto  been  attended  with 
no  success.  Oersted  found  that  the  needle  has  a 
tendency  to  place  itself  at  ri^ht  angles  to  the  wire,  a 
kind  of  action  altogether  difierent  from  any  which 
had  been  suspected. 

If  two  similar  magnetized  needles  are  placed  par- 
allel, but  with  their  poles  turned  in  opposite  direc- 
tions, and  are  suspended  by  a  thread  without  twist 
so  as  to  move  freely,  they  have  little  tendency  to 
place  themselves  in  the  magnetic  meridian. 

The  action  of  terrestrial  magnetism  upon  one 
needle  neutralizes  its  action  upon  the  other,  and 
consequent\y  thfe  needles  remain  indifferent.  A 
needle  of  this  description  is  called  astatic^  and  is  used 
in  the  construction  of  the  astatic  galvanometer. 

If  one  of  the  needles  be  placed  in  a  coil  of  wire  ex- 
cited by  an  electric  current,  on  the  passage  of  the 
current  the  needle  is  deflected  ;  and  its  deflections  are 
more  considerable  than  those  of  a  simple  needle,  be- 
cause there  is,  in  the  first  place,  but  little  resist- 
ance to  overcome,  and  secondly,  because  the  current 
acts  upon  two  needles  instead  of  one,  the  upper 
needle  being  deflected  in  the  same  direction  as  the 
lower. 

As'teL  (Mining.)  Overhead  boarding  or  arch- 
ing in  a  gaUery. 

As-tig'ma-tisxn  Ap-pa-ra'tus.  {Optics.)  An 
instrument  for  detecting  the  presence  and  amount  of 
the  defect  in  vision  arising  from  a  certain  want  of 
sjrmmetry  in  the  lens  or  cornea. 

It  may  consist  of  two  revolving  rings  divided  to 
6^  each  ring  being  furnished  with  spring  to  hold  a 
cylindrical  glass  |  a  diaphragm  fitting  in  one  ring^ 
and  a  movable  slit  in  the  otner.  The  object  is  to 
test  whether  the  eye  has  greater  power  to  detect  dis- 
tinct separation  between  closely  ruled  lines  in  a  ver- 
tical, or  horizontal,  or  intermediate  position. 

Astra-gaL  (Carpentry.)  a.  A  small  molding 
of  a  semicircular  section  with  a  fillet  beneath  it. 

6.  One  of  the  rabbeted  bars  which  hold  the  jmnes 
of  a  window.     The  astragals  of  the  lanterns  in  the 
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Stevenson  lighthouses  are  diagonal,  so  as  not  to  inter- 
cept the  light  in  the  azimuth  which  they  subtend. 

(Ordnance.)  An  outwardly  curved  molding. 
The  astragal  of  a  cannon  is  the  molding  at  the  front 
end  of  the  chase. 

As'tra-gal  Plane.  (Joinery.)  A  bench  plane 
adapted  for  cutting  astragal  moldings. 

As'tra-gal  TooL  A  wood-turnm^  chisel  having 
a  semicircular  concave  face,  for  turning  beads  and 
astragals. 

As'tral  Lamp.    A  lamp  with  an  annular  oil  res- 
ervoir connecting  by  two  pipes  with  the  wick  tube, 
the"  latter  being  on  the 
Fig.  897.  summit  of  the  pedestal. 

It  is  designed  to  obviate 
the  interception  of  light 
by  the  oil  reservoir, 
which  when  placed  cen- 
trally casts  a  shade  upon 
the  table. 
'«  In  the  arrangement 
shown  at  Fig.  397  the 
oil  is  contained  in  the 
annular  chamber  a  sur- 
rounding the  burner  6, 
which  is  of  the  Argand 
kind  (see  Akoand),  and 
the  lower  part  of  the 
chimney,  and  thence  de- 
scends to  the  foot  of  the 
wick  through  the  two 
tubes  c  c. 
Astral  Lamp.  It  will  be  seen  that  the 

downward  rays  of  light 
from  the  burner  are  not  at  all  intercepted  in  the 
immediate  vicinity  of  the  lamp,  except  by  the  two 
small  oil  pipes,  and  that  they  are  not  niaterially  in- 
terfered with,  within  a  radius  beyond  which  the 
light  would  be  insufficient  for  reading  or  working 
by  ;  even  this  is  obviated  in  a  considerable  degree 
by  the  ground-glass  globe  d  surmounting  the  an- 
nulus,  wnich  disuses  and  equalizes  that  part  of  the 
light  which  is  not  east  downward.  The  chimney  e 
assists  combustion,  and  carries  off  the  volatile  pro- 
ducts thereof. 

As'tro-labe.  The  common  astrolabe  (not  the 
astrolabe  of  Hipparchus,   used  in  determining  the 

altitudes  of  the 
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Astrolabe. 


stars)  is  used  for 
measuring  an- 
gles. It  IS  gi-ad- 
uated  to  degrees, 
and  sometimes  to 
(juarter  -  degrees. 
A  strip  is  at- 
tached in  the 
direction  of  the 
diameter,  passing 
through  0"  and 
ISO',  and  has  a 
tongue  by  which 
it  is  placed  cen- 
trally upon  the 
stand.  This  strip 
has  two  fixed 
diopters  or  sight- 
vanes.  Another 
strip  turns  about 
the  center,  one 
end  of  which  in 
the  half  -  astro- 
labe (both  ends 
in  the  full  astro- 
lab<*)      traverses 


the  graduated  limb  and  canies  other  sight-vanes. 
The  middle  line  of  this  alidade  coincides  with  the 
axis  of  the  sight-vanes  and  the  center,  and  is 
marked  upon  the  beveled  edge  of  the  alidade  as  an 
index.  The  diopters  are  botn  ocular  and  objective, 
for  fore  and  bacK  sighting.  A  small  compass  may 
be  attached  at  the  center,  and  the  tongue  fitted  up 
with  nut  and  screw  so  as  to  permit  the  circle  to  be 
brought  from  the  horizontal  to  the  vertical  position 
for  the  ])urpose  of  measuring  altitudes. 

To  ineasure  an  angle  with  the  astrolabe,  the  latter 
is  placed  with  its  center  over  the  vertex  of  the  angle, 
and  tuiTied  until  the  fixed  diopters  sight  in  the 
direction  of  one  side.  The  movable  strip  with  its 
diopters  is  then  sighted  in  the  direction  of  the  oth- 
er side,  and  the  angle  contahied  between  the  two 
strips  is  n^ad  off.  Telescopes  may  be  attached  in 
place  of  the  alidades.  Thus  arranged,  it  becomes 
allied  to  the  theodolite. 

Tycho  Brahe's  Astronomice  Instauratce  Mcehani- 
ca  gives  several  cuts  of  astrolabes.  The  astrolabes 
of  Hipparchus,  Ptolemy,  Alhazen,  and  Tycho  Brahe 
did  not  agree  in  all  particulars  of  construction. 
They  have  been  superseded  by  more  improved  in- 
stniments. 

The  astrolabe  was  invented  to  ascertain  the  posi- 
tion of  the  sun  with  regard  to  the  ecliptic.  (Whewell. ) 
The  instrument  as  described  by  Ptolemy  consisted 
of  circular  rims,  movable  one  witflin  the  other,  or 
about  poles ;  and  contained  circles  which  were  to 
be  brought  into  the  position  of  the  ecliptic,  and  of  a 
plane  passing  through  the  sun  and  the  poles  of  the 
ecliptic.    See  Armillary  Sphere. 

Tne  asiroiabon  which  Martin  Behaim  attached  to 
the  main-mast  belongs  originally  to  Hipparchus. 
ArVhen  Vasco  de  Gama  landed  on  the  east  coast  of 
Africa,  he  found  the  Indian  pilots  at  Melind  ac- 
quainted with  the  use  of  astrolabes  and  cross-staffs. 

Afl-trom'a-ra.  A  concave  representation  of  the 
heavens. 

As-trom'a-ter.  An  instrument  invented  by  Sir 
John  Herschel  for  comparing  the  intensities  of  li^ht 
of  the  stars  one  with  another  by  the  intervention 
of  a  natural  standard,  such  as  the  moon  or  the  planet 
.Jupiter,  brighter  than  any  of  the  stars  to  be  com- 
pared, and  giving  an  amount  of  light  which,  if 
not  absolutely  invariable,  varies  in  such  a  manner 
that  its  changes  are  susceptible  of  calculation.  Jupi- 
ter, being  sufficiently  bright,  and  his  light  being  in- 
creased or  diminished  only  in  proportion  to  his  dis- 
tance from  the  sun,  is  considered  as  well  adapted  for 
the  purpose. 

The  process,  as  described  by  Sir  John,  **  consists  in 
deflecting  the  light  of  the  moon  by  total  internal  re- 
flection at  the  base  of  a  prism  so  as  to  emerge  in  a 
direction  exactly  coincident  with  that  of  the  unde- 
\  fleeted  light  of  one  of  the  stars  to  be  compared.  It 
is  then  received  upon  a  lens  of  short  focus,  by  which 
the  image  of  the  moon  is  formed,  which,  viewed  at  a 
!  considerable  distance  by  an  observer  placed  in  or 
near  the  axis  of  the  lens,*will  appear  to  him  as  a  star. 
This  artificial  star  is  then  approached  to  or  removed 
from  the  eye  until  its  light  is  judged  to  be  exactly 
equal  to  that  of  the  real  star,  whicn  lying  in  nearly 
the  same  direction  from  the  observer  will  be  seen 
side  by  side  with  the  artificial  one  by  the  same  eye, 
or  with  both  eyes  at  once  without  the  aid  of  a  tele- 
scope, as  in  the  ordinary  mode  of  natural  vision. 
The  distance  of  the  eye  from  the  focus  of  the  lens 
being  tlien  measured,  the  prism  and  lens  are  to  be 
placed  so  as  to  form  another  similar  arrifidal  star 
in  a  direction  nearly  coincident  with  that  of  the 
other  star  under  comparison  ;  and,  another  equaliza- 
tion being  made  and  distance  measured,  it  is  obvious 
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that  the  intensity  of  the  lights  of  the  two  stars,  or 
at  least  their  efl'ects  on  the  retina  under  the  circum- 
stances of  companson,  will  be  to  each  other  in  the 
inverse  ratio  of  the  distances  so  measured  respec- 
tively." 

The  term  "  astronieter  "  has  been  also  applied  to  an 
object-glass  micrometer,  as  well  as  to  an  instrument 
for  finding  the  lising  and  setting  of  stars  and  their 
positions. 

As-lTO-iiom'i  cal  Clock.  A  clock  regulated  to 
keep  regular  tinn' ;  sidereal,  not  mean. 

Afl-tro-noml-cal  In'stra-ments.  The  first 
phenomenon  recorded  in  the  Chinese  annals  is  a 
conjunction  of  five  planets  in  the  reign  of  Tchuen- 
hiu  (2514-2436  B.  v.).  The  record  is  verified  by 
Fr.  de  Mailla  and  others,  and  identified  with  2461 
B.  c.  Saturn,  Jupiter,  Mars,  and  Venus  were,  with 
the  moon,  comprised  within  an  arc  of  about  12" 
in  the  constellation  Pisces.  The  emperor  Yao, 
2367  B.  c,  determined  the  length  of  the  moon's 
year. 

An  orrery  is  said  to  have  been  constructed  in  the 
second  century  A.  D.  in  China ;  the  account  states 
that  it  represented  the  apparent  motion  of  the 
heavenly  bodies  round  the  earth,  and  was  kept  in 
motion  by  water  dropping  from  a  clepsydra. 

The  heliooentric,  the  true  theory  of  our  solar  sys- 
tem, was  taught  in  Ancient  Egypt,  and  there  Pythag- 
oras learned  it.  This  great  philosopher  perceived 
its  truth,  and  CArried  it  to  Asia  Minor,  where  it  lan- 
guished and  died.  The  Egyptian  race  were  origi- 
nally emigrants  from  Asia,  probably  Arabians,  and 
may  have  brought  their  astronomical  knowledge 
with  them.  It  is  also  possible  that  the  Chaldees 
were  participants  in  the  true  theory  many  ages  be- 
fore Greek  explorers  touched  the  borders  of  the 
Mesopotamian  nations. 

Eratosthenes  of  Cyrene,  the  Alexandrian  astrono- 
mer, set  on  foot  the  first  Hellenic  measurement  of  an 
arc  of  the  meridian,  having  its  extremities  at  Alex- 
andria and  Syene,  and  for  its  object  the  approxi- 
mate measurement  of  the  earth's  circumference.  The 
measurement  was  the  paces  of  pedestrians,  but  is  in- 
teresting as  among  the  earliest  recorded  instances  of 
this  broad  generalization,  where  a  philosopher  rose 
from  the  consideration  of  the  narrow  limits  of  a  sin- 
gle country  to  the  knowledge  of  the  magnitude  of 
the  entire  globe.  A  more  ancient  Chaldean  meas- 
urement is  mentioned,  the  count  being  obtained  in 
camels*  paces,  4,000  paces  to  the  mile,  33^  miles  to 
half  a  degree,  —  circumferenc  i  of  the  earth,  24,000 
miles.    See  Comptts  Reiidus,  T.  XXllI.  p.  851,  1846. 

Another  measurement  of  a  degree  of  the  meridian 
was  made  under  the  orders  of  the  Khalif  Al-Mamun 
in  the  great  plain  of  Sinds-char,  between  Tadmor  and 
Rakka,  by  obs^^rvers  whose  names  have  been  pre- 
served to  us  by  Ebn  Junis,  tenth  century. 

**  Each  sage  went  for  what  he  wanted  to  the 
proper  mart  of  science  :  for  not  only  Pythagoras 
studied  astronomy  at  Heliopolis,  where  it  was  pro- 
fessed with  the  greatest  ^lat ;  but  Eudoxus  got  his 
geometry  at  Mempliis,  whose  priests  were  the  most 
profound  mathematicians  ;  and  Solon  was  instructed 
m  civil  wisdom  at  Sais,  whose  patron  deity  being 
Minerva  (as  we  are  told  by  Herodotus  and  Strabo), 
shows  politics  to  have  been  there  in  most  request." — 
Warburton's  *•  Divine  Legation  of  Moses,  Vol.  I. 
Book  II.,  ed.  1742. 

The  earliest  observations  in  Babylon  were  2234 
B.  c.  Of  their  instruments  we  have  no  record : 
dials  and  zodiacal  circles  probably.  The  invention 
of  the  zodiac  is  by  many  experts  credited  to  the 
Egyptians,  and  the  reasons  cited  are  entitled  to 
high  consideration.     It  is  of  high  antiquity,  and  if 


pre-Eg}'ptian  was  derived  from  the  Orientals. 
Mazzaroth,  cited  in  Job  xxxviii.  31,  32,  probably 
referred  to  zodiacal  division. 

One  of  the  earliest  instruments  on  record  is  that 
in  the  Memnonium,  the  great  palace  of  Rameses  II. 
It  consisted  of  a  golden  zodiac  or  circle  on  which 
were  engi-aved  the  days  of  the  year,  with  the  heliacal 
rising  and  setting  of  the  stars  by  which  each  day 
was  -known.  This  golden  planisphere  was  placed 
immediately  over  the  sepulchre,  upon  a  base  365 
cubits  (547^  feet)  in  circumference,  or  about  182  feet 
in  diameter,  and  one  cubit  in  thickness.  It  was 
divided  and  marked  at  every  cubit  with  the  days  of 
the  year,  the  rising  and  setting  of  the  stars  according 
to  their  natural  revolutions,  and  the  signs  ascertained 
from  them  by  Egj-ptian  astrologers. 

Rameses  reigned  in  the  fourteenth  century  B.  c,  — 
the  century  after  the  settling  of  the  land  of  Canaan 
by  Joshua  and  the  century  before  the  Argonautic 
Expedition.  The  golden  circle  was  carried  away  by 
Cambyses  when  he  plundered  Egypt,  525  B.  c, 
about  the  time  of  Kung-fu-tze  (Confucius). 

Ptolemy  Euergetes,  246  B.  c,  placed  in  the 
square  porch  of  the  Alexandrian  Museum  an  equi- 
noctial and  a  solstitial  armil,  the  graduated  limbs  of 
these  instniments  being  divided  into  degrees  and 
sixths.  There  were  in  the  ob*servatory  stone  struc- 
tures, the  precursors  of  our  mural  quadrants.  On 
the  floor  a  meridian  line  was  drawn  for  the  adjust- 
ment of  the  instruments.  There  were  also  astrolabes 
and  dioptras.  The  above  were  used  from  246  b.  c. 
to  A..D.  417,  and  similar  instruments  at  Cbrdova, 
A.  D.  1000.  Tubes  with  sights  were  probably  used 
at  both  places  ;  lenses  being  added  in  1608. 

See  articles  under  the  following  headings  :  — 


Finder. 

Heliometer. 

Meridian  Circle. 

Micrometer. 

Mural  Circle. 

Optical  Instruments. 

Orbit-Sweeper. 

Orrery. 

Planetarium. 

Reflecting  Circle. 

Refraction  Circle. 

Telescope. 

Tellurian. 

Transit. 

Universal  Instrumept. 

Zenith  Sector. 

Zenith  Tube. 


Altarimeter. 

Apomecometer. 

Armil. 

Armillary  Sphere. 

Artificial  Horizon. 

Astrolabe. 

Astrometer. 

Astroscope. 

Azimuth  Circle. 

Azimuth  Dial. 

Back-staff. 

Collimator. 

Comet-Seeker. 

Compass. 

Cosmolabe. 

Dipleidoscope. 

Dip  Sector. 

Equatorial  Telescope. 

In  Europe,  the  Arabs  were  the  first  to  build 
observatories  ;  the  Giralda,  or  Tower  of  Seville;  was 
erected  under  the  superintendence  of  Geber  the 
mathematician,  about  A.  D.  1196,  for  that  purpose. 
After  the  expulsion  of  the  Moors  it  was  turned  into 
a  belfry,  the  Spaniards  not  knowing  what  else  to  do 
with  it.  The  same  people  mistook  the  vertical  gno- 
mons of  Quito  —  beneath  the  line  —  for  idols,  and 
upset  them,  crossing  themselves  devoutly.  Of  the 
obelisks  of  Egypt,  the  round  towers  of  Ireland,  and 
the  gnomons  of  Quito,  the  last  is  the  least  distinctly 
phallic. 

The  native  observatory  at  Benares,  India,  is  an 
elevated  terrace,  and  will  afibrd  us  a  good  idea  of  the 
probable  appearance  of  the  observatories  of  Ancient 
Chaldea ;  of  the  Caliph  Almanza  ,•  of  Uleg  Beg, 
grandson  of  the  great  Tamerlane.  The  latter  is 
said  to  have  had  a  quadrant  as  high  as  the  Church 
of  Sancta  Sophia  at  Constantinople. 

Sir  Robert  Barker's  description  of  the  observatory 
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Native  Observatory  ai  Benares. 


of  Benares  is  as  follow^ :  "  We  entered  this  building, 
and  went  up  a  staircase  to  the  top  part  of  it  near  the 
river  Ganges,  that  led  to  a  lai^  terrace,  where  to  my 
surprise  and  satisfaction,  I  saw  a  number  of  instru- 
ments yet  remaining  in  the  best  preservation,  stu- 
pendously large,  immovable  from  the  spot,  and 
built  of  stone,  some  of  them  being  upwards  of 
twenty  feet  in  hight ;  and  though  they  were  said  to 
have  been  erected  many  hundred  years  before,  the 
graduations  and  divisions  of  the  several  arcs  ap- 
peared as  well  cut  and  accurately  divided  as  if  they 
nad  been  the  performance  of  a  modem  artist.  The 
execution  in  tne  construction  of  these  instruments 
exhibited  a  mathematical  exactness  in  the  fixing, 
bearing,  and  fitting  of  the  several  parts,  in  the 
necessary  and  sufficient  suppoits  to  tne  very  large 
stones  that  compose  them,  and  in  joining  and  fasten- 
ing them  into  each  other  by  means  of  lead  and  iron 
cramps.  The  situation  of  the  two  lai^  quadrants, 
whose  radius  is  nine  feet  two  inches,  by  being  at 
right  angles  with  a  gnomon  at  twenty-five  degrees 
elevation,  are  thrown  into  such  an  oblique  situation 
as  to  render  them  the  most  difficult,  not  only  to 
construct  of  such  a  magnitude,  but  to  secure  in  the 
position  for  so  long  a  period,  and  affords  a  striking 
instance  of  the  ability  of  the  architect  in  their  con- 
struction ;  for,  by  the  shadow  of  the  gnomon  thrown 
on  the  quadrants,  they  do  not  appear  to  have  altered 
in  the  least  from  their  original  position  ;  and  so 
true  is  the  line  of  the  gnomon,  that,  by  applying  the 
eye  to  a  small  iron  ring  of  an  inch  diameter  at  one 
end,  the  sight  is  carried  through  three  others  of  the 
same  dimensions,  at  the  extremity  of  the  other  end, 
distant  thirty-eight  feet  eight  inches,  wiUiout  ob- 
struction.** 

The  earliest  modem  observatory  of  importance  in 
Europe  was  erected  by  the  landgrave  of  Hesse  Cassel 
in  1561.  It  occupied  the  whole  upper  portion  of 
his  palace,  and  was  well  fumished  witn  astronomical 
instraments.  Tycho  Brahe,  about  the  same  period, 
made  material  improvements  on  the  landgrave's  in- 
struments, and  constmcted  a  quadrant  capable  of 
showing  single  minutes.  He  afterwards  erected  an 
observatory  on  the  island  of  Huen,  under  the  pat- 
ronage of  the  king  of  Denmark ;  it  was  fumisned 
with  quadrants,  sextants,  circles,  astrolabes,  globes, 
clocks,  and  sun-dials.  These  instmments  were 
•  divided  to  single  minutes,  and  some  were  so  divided 
as  to  read  to  ten  seconds. 


The  royal  observatory  at  Paris  was  completed  in 
1671,  and  was  placed  in  char^  of  M.  Cassini,  after 
having  been  fumished  with  instmments  at  a  very 
great  expense. 

Tbe  Greenwich  Obser^Titory  was  erected  five  years 
later ;  Flamstead,  under  the  title  of  Astronomer  Royal, 
was  its  first  superintendent. 

The  Yale  College  Observatory  was  started  in  1828, 
a  donation  made  by  Mr.  Clark  being  expended  in 
buying  a  telescope  of  Mr.  Dollond  of  London.  It 
has  a  focal  length  of  ten  feet,  and  five  inches  aper- 
ture. 

The  Williams  College  Observatory  was  the  first 
regularly  constituted  oliservatory  in  the  United 
States,  1836.  It  has  a  Herschelian  reflector  of  ten 
feet  focus,  mounted  equatorial ly  ;  also  a  v  transit 
instrument  and  compensation -clock. 

The  Hudson  Observatory  of  the  Western  Reserve 
College,  Ohio,  was  built  and  furnished  in  1838, 
having  an  equatorial,  transit,  and  clock. 

The  High  School  Observatory  of  Philadelphia  was 
fumished  in  1840. 

The  West  Point  Observatory  about  1841. 

The  Tuscaloosa  Observatory  in  1843. 

The  Washington  Observatory  about  1844. 

The  Georgetown,  D.  C,  Observatory  in  1844. 

The  Cincinnati  Observatory  in  1845. 

The  Cambridge  Observatory  in  1847. 

The  Amherst  Observatory  in  1847. 

Dartmouth,  Newark,  Shelbyville,  Ky.,  Buffalo, 
Michigan  University,  Albany,  and  Hamilton  Col- 
lege, have  also  observatories. 

A  good  article  on  the  astronomical  observatories 
of  the  United  States  may  be  found  in  Harper's 
Magazine,  June,  1856.  See  also  '*  Observations  at 
the  Washington  Observatory,"  volume  for  1845. 

For  more  full  details  than  in  the  articles  named, 
see  Chambers's  Astronomy  ;  Dr.  Pearson's  Practical 
Astronomy  ;  Loomis's  Practical  Astronomy  ;  Simm's 
Treatise  on  Instmments  ;  Heather  pn  Mathematical 
Instraments. 

As-tro-noml-oal  Ziantam.  One  with  panes 
or  slides  ha\'ing  perforations  whose  relative  size  and 
position  represent  stars  in  a  given  field  of  the 
neavens. 

As-tro-noml-oal  Tel'e-soope.  A  telescope  in 
which  the  image  is  inverted,  composed  of  a  conver- 
ging object-glass  A  B^  and  of  a  converging  eye-glass 
C  lL     Rays  of  light  falling  from  any  point  IT  of  a 
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Astrmumdeal  TeUseope, 


Fig.  400.  distant    ob- 

ject M  N, 
and  falling 
^i:  on  the  whole 
surface  of 
the  object- 
elass  are  re- 
fracted into 

the  upper  point  in  the  principal  ^ocus.  In  like 
manner  those  proceeding  from  tne  point  N  are  re- 
fracted into  the  lower  point,  and  thus  an  inverted  im- 
age is  formed  at  the  focus  of  the  object-glass.  The 
eye-glass  is  placed  so  that  its  focus  shall  coincide 
with  the  place  of  the  image,  consequently  rays  di- 
verging from  any  point  on  the  image,  and  falling 
on  the  lens  C  D,  are  Yendered  parallel  and  enter 
the  eye  at  E,  where  they  produce  distinct  vision. 

The  len^h  of  the  telescope  is  equal  to  the  sum  of 
the  focal  distances  of  the  two  lenses,  and  the  mag- 
nifying power  is  equal  to  the  focal  length  of  the  ob- 
ject-^Iass  divided  by  the  focal  length  otthe  eye-glass. 
This  telescope  was  first  described  by  Kepler  in  his 
Dioplriee,  1611,  but  does  not  appear  to  have  been 
executed  till  20  or  30  years  later. 

A  lai^  instrument  of  its  class  was  mounted  at 
York,  England,  by  Cooke.     See  Fig.  401. 
It  is  mounted  equatorially  on  the  German  princi- 
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pie,  having  a  finder  at  the  side,  as  is  usual  with  that 
class  of  instruments.  Sidereal  motion  is  communi- 
cated to  the  instrument  by  clock-work.  Its  object- 
glass  is  25  inches  in  diameter. 

The  new  refracting  instrument  for  the  Naval  Ob- 
servatory of  Washington,-  D.  C,  is  being  made  by 
Alvan  Clark,  of  Cambridgeport,  Mass.,  and  will 
probably  be  completed  during  the  present  year  (1873). 
its  object-glass  is  complete,  and  has  a  aiameter  of 
27  inclies.  It  is  the  largest  of  its  class,  and  great 
hopes  are  reasonably  entertained  of  its  performances. 

Large  telescopes,  equatorially  mounted,  are  in  the 
observatories  of  Cambridge,  Eng.,  Cambridge,  U.  S., 
Chicago,  Albany,  Alleghany,  and  Pulkowa,  Russia. 
The  equatorial  of  Melbourne,  Australia,  is  a  reflector. 
See  Telescope. 

As'tro-acope.  1.  An  astronomical  instrument 
composed  of  two  cones,  on  whose  surfaces  the  con- 
stellations, with  their  stars,  are  delineated,  and  by 
means  of  which  the  stai's  may  be  known  ;  an  im- 
perfect substitute  for  the  celestial  globe.  — Webster. 

2.  An  astronomical  instrument  provided  with 
telescopes,  for  observing  the  stars,  invented  and  de- 
scribed by  William  Shukhard,  of  Tubingen,  in  1698. 

AB-tyllen.  {Mining.)  A  small-dam  in  an  adit 
or  mine  to  prevent  the  full  passage  of  the  water. 

At-a'baL  A  Moorish  musical  instrument  re- 
sembling a  tabor.  —  Croly. 

At-a-rixn^e-ter.  A  philosophical  instrument 
used  in  a  fixed  observatory. 

Ath'a-nor.  The  original  Base-Burning  Furnace, 
It  was  used  by  the  old  alchemists  to  ensure  a  con- 
stant supply  of  fuel  to  a  furnace  intended  to  keep 
up  a  contmued  heat  for  many  consecutive  days. 

Alongside  the  furnace-chamber  was  a  hollow 
tower  containing  charcoal,  and  fitted  with  a  close 
cover  to  prevent  the  passage  of  air.  The  lower  part 
communicated  with  tne  fireplace,  and  as  the  contents 
of  the  latter  burned  away,  the  fuel  from  the  tower 
subsided  into  the  fireplace  and  kept  up  the  fire. 

The  subject  has  been  am  plified  of  late  years.  Watt 
introduced  it  into  his  steam-boiler  furnace  about 
1767.  Many  stoves  are  now  constructed  on  that 
principle  in  EngUnd  and  in  the  United  States. 

At  what  time  the  venerable  alchemists  first  con- 
trived the  athanor  we  do  not  know.  We  presume 
that  Hermes  Trismegistus,  Aristotle,  and  their  co- 
laborers  of  E|?ypt  and  Rome,  may  have  done  without 
it,  but  that  It  may  have  arisen  when  Roger  Bacon, 
Albertus  Magnus,  Paracelsus,  Raymond  Lully,  and 
Basil  Valentine  set  about  the  search.  This  latter  scope 
embraces  several  hundred  years  of  valuable  services. 

The  supply-chamber  is  termed  a  Magazine  (which 
see).  See  also  Smoke-consumino  Furnace  ;  Stove, 
Base-burnino  ;  Cooking-Stove,  Base-burning. 

Atlas.  1.  A  size  of  drawing  paper  measuring 
33  X  26  inches,  and  weighing  100  pounds  to  the  ream. 

2.  The  Indian  satin  of  commerce. 

3.  {Architeelure.)  Plural,  Jtlantes.  Male  human 
figures  serving  as  pillars ;  called  also  Telamones. 
Tne  name  is  derived  from  an  intended  resemblance 
to  Atlas  or  Ajax.  A  somewhat  different  style  of 
figures,  in  which  the  attitude  exhibits  the  appear- 
ance of  less  violent  exertion,  are  called  Persians. 

Female  figures  employed  for  the  like  purpose  are 
termed  Canratides. 

At-mi-dom'e-ter.  Babington's  atmidometer 
for  measuring  the  evaporation  from  water,  ice,  or 
snow,  consists  of  an  oblong  hollow  bulb  of  glass  or 
copper,  communicating  by  a  contracted  neck  wiUi  a 
globular  bulb  beneath,  weighted  with  mercury  or 
shot.  The  upper  bulb  is  surmounted  by  a  glass  or 
metallic  stem  graduated  to  grains  and  fractions,  on 
the  top  of  which  ih  a  light  shallow  metal  pan. 


Digitized  by 


Google 


ATMOMETER. 


176 


ATMOSPHERIC  CHURN. 


For  use,  the  instrument  is  placed  in  a  vessel  of 
water  having  a  cover  with  a  circular  hole  in  it 
through  which  the  stem  protnides. 

Distilled  water  is  poured  into  the  pan  on  top  until 
the  zero  on  the  stem  is  brought  down  to  the  level  of 
the  cover  of  the  vessel  in  which  the  instrument 
floats.  As  the  water  in  the  pan  evaporates  the  stem 
rises,  and  the  amount  of  evaporation  in  grains  and 
parts  IB  indicated  by  the  scale. 

An  adjustment  for  temperature  accompanies  the 
instniment.  —  Brande. 

At-mom'e-ter.  An  instrument  to  measure  va- 
porous exhalations.     An  cvaporometcr  or  hygroscope. 

It  was  invented  by  Professor  Leslie  for  determin- 
ing the  rote  of  evaporotion  from  a  humid  siirface  in 
a  given  time. 

A  thin  ball  of  porous  earthenware,  two  or  three 
inches  in  diameter,  with  a  small  neck,  has  cemented 
to  it  a  long  and  rather  wide  tul>e  of  glass  bearing  di- 
^^sion8,  each  of  them  corresponding  to  an  internal 
section  equal  to  a  film  of  liquid  that  would  cover 
the  outer  surface  of  the  ball  to  the  thickness  of  one 
thousandth  of  an  inch.  The  divisions  are  ascer- 
tained by  calculatiftn,  and  arc  numbered  downward 
to  the  extent  of  100  to  200.  To  the  top  of  this  tube 
is  fitted  a  brass  cap,  having  a  collar  of  leather,  and 
whiSh,  after  the  cavity%l«  been  fiUed  with  distilled 
water,  is  secured  tightly.  The  outside  of  the  ball  be- 
ing now  wiped  dir,  the  instmment  is  suspended 
out-of-doors  to  the  free  action  of  the  air.  The  quan- 
tity of  evaporation  from  a  wet  ball  is  the  same  as 
from  a  circle  having  twice  the  diameter  of  the  sphere. 
In  the  atniometer  the  humidity  transudes  through 
the  porous  surface  just  as  fast  as  it  evaporates  from 
the  external  surface,  and  this  waste  is  measured  by 
the  descent  of  the  water  in  the  stem.  As  the  pro- 
cess goes  on,  a  corresponding  portion  of  air  is  intro- 
duced into  the  ball  and  rises  into  the  tube. 

A  modified  form  of  the  atmometer  consists  of  a 
vessel  of  porous  earthenware,  having  a  given  area  of 
surface  and  filled  with  water,  poised  at  the  end  of  a 
balance,  and  the  loss  in  a  given  time  noted  by  weights 
on  the  othtr  end. 

A  thermometer  inserted  into  the  vessel  will  indi- 
cate the  tem{>erature  of  the  evaporating  liquid,  and 
would  form  a  hygrometer  on  the  principle  that  the 
degree  of  cold  generated  by  evaporation  is  propor- 
tional to  the  dryness  of  the  air. 

At-tnos-pher'ic  Alarm'-'Whis'tle.  A  whistle 
blown  by  the  air.  It  is  principally  used  as  a  nauti- 
cal alarm,  being  attached  to  a  buoy,  or  placed  on  a 
pile  or  floating  vessel,  to  warn  ships  from*  a  shoal  or 

3>it  of  land.  It  is  to  be  distinguished  from  audible 
arms  produced  by  clock-work  or  other  machinery 
by  which  a  blast  of  air  is  impelled  through  a  whistl*- 
or  horn.  These  are  considered  under  Fog-Alarm  ; 
Nautical  Alaum  ;  which  see. 

Cabell's  Atmospheric  Alarm -Whistle,  1867,  is 
sounded  by  the  alternate  eduction  and  induction  of 
air  from  or  into  an  annular  chamber,  which  is  par- 
tially filled  with  water  and  oscillated  by  the  motion 
of  the  vessel,  assisted  by  other  power,  if  necessary. 
The  motion  may  be  made  to  work  an  air-pump  to 
increase  the  energy  of  the  blast,  or  its  effectiveness 
mav  be  augmented  by  gas,  generated  by  chemical 
action  in  the  chamber. 

The  chamber  D  has  air-spaces  b  h'  communicating 
by  valves  c  c\  on  either  side  of  the  dividing  plate  a, 
with  the  blast-whistle  J.  d  et  are  vacuum  w-histles. 
which  act  alternately  as  the  chamber  sways  in  one 
direction  and  the  other,  supplying  air  to  that  side  of 
the  chamber  which  is  abandoned  by  the  water.  The 
funnel  O  is  the  means  of  supplying  the  chamber  D 
with  water.     Oil  upon  the  sur&ce  of  the  water  in 
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Cabell* 8  Atmospheric  Alarm-Whistie. 

chambera  b  V  prevents  evaporation,  t  e'  are  Valves 
to  the  vacuum-whistle  ports.  /  is  an  air-cham- 
ber. 

At-mos-pher'ic  Chnm.  A  chum  in  which  at- 
mospheric air  is  driven  into  the  milk  in  order  to 
a^tate  it,  and  also  to  obtain  the  specific  effect  of  the 
air  upon    the 

milk  m  aggre-  Hg.  408. 

gation  of  the 
oleaginous 
globules. 

There  are 
many  modes  of 
doing  this  :  — 

1.  The  air- 
pump. 

In  this  case 
the  air  is  driv- 
en by  mechan- 
ical means  into 
and  thiough 
the  milk  by 
mean  of  a  pis- 
ton working  in 
a  cylinder,  or 
by  a  bellows. 

In  the  ex- 
ample     (Fig. 

403)  the  air  is  Atmospheric  Ckitm. 

driven  by  the 

bellows  C  through  the  pipes  b  bf,  passes  out  at  c,  and 
is  distributed  through  the  milk  by  the  perforated 
diaphragm  F,  G^  is  a  vessel  in  which  hot  or  cold 
water  may  be  placed  to  temper  the  milk.  The  bel- 
lows-handle E 18  supported  by  a  post  on  the  chum  A. 

2.  The  centrifugal  chum-dasher. 

This  is  usually  a  vertical  tube  with  radiating  arms 
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Fig.  404.  at  the  bottom.  As  the  tubular  dash- 
er is  rotated,  the  air  is  expelled  at 
the  ends  of  the  radial  arms,  a  supply 
entering  at  the  open  upper  end  of 
the  tube. 

There  are  many  modifications  of 
this  principle,  but  they  all  possess 
this  substantive  feature. 

3.  The  reciproeating  dasher. 

In  this  case  the  tubular  dasher  has 
a  valve  which  opens,  on  the  upw^-rd 
motion,  to  admit  air,  and  closes  when 
the  down  stroke  ejects  the  air  from 
the  tube  into  the  milk. 

In  Fig.  404  the  dasher  is  dupli- 
cated, the  upper  part  being  connected 
to  the  tubular  shaft  B  and  the  lower 
part  to  the  inner  plunger  /  F.  As  the 
tube  B  rises,  the  plunger  /  descends, 
^  2SJ  the  valve  g  closes,  and  air  enters  at 
the  upper  valve-way  in  A.  As  tlie 
tube  B  descends,  the  upper  valve 
closes,  the  plunger  expels  the  air 
through  the  valve-way  a,  out  at  the 
bottom  of  the  tube  and  into  the  creiun. 
In  another  form  (Fig.  406)  air  at  any  desired  tem- 
perature is  forced  into  the  chum  at  a  point  near  the 

Fig.  405- 


^ 


*    Atmospheric  Oiwm. 

bottom  by  the  reciprocating  ait*- pumps,  and  has  exit 
through  the  lid.  As  a  ^iston^rises,  air  enters  be- 
neath it  by  the  valves  /  in  the  supply-pipe  H.  As 
the  piston  descends,  the  valve  closes,  and  the  air  is 
delivered  into  the  cream  by  the  pipe  L.  Tlie  action 
of  the  pistons  is  alternate. 

At-mos-pher'io  Bn'gine.  Invented  by  Dr.  Pa- 
pin,  of  Blois,  France,  in  1695  ;  improved  by  New- 
comen,  1705,  and  Watt,  1769.  It  was  the  first  good 
steam-engine  on  a  working  scale,  and  is  the  founda- 
tion of  the  Cornish  engine.  The  present  form  of 
the  engine  has  Watt's  improvements. 

In  it  the  steam  from  tne  boiler  is  conducted  be- 
neath the  piston,  rather  allowing  it  to  rise  than  ac- 
tually lifting  it,  as  the  weight  of  the  pump-rod 
causes  the  pump-plunger  to  descend.  The  effective 
stroke  is  obtained  by  the  condensation  of  the  steam 
beneath  the  piston,  when  the  pressure  of  the  atmos- 
phere on  the  latter  lifts  the  pump-rod  and  the  water. 

In  another  application  of  the  engine,  the  atmos- 
phere raises  the  pump-rod,  and  the  weight  of  the  lat- 
tet  forces  up  the  water. 

The  illustration  shows  the  old  atmospheric  engine, 


Fig.  406. 


Newcomen's  Atmospheric  Engine. 


in  which  water 
was  injected  into 
the  cylinder  itself 
for  the  purpose  of 
condensing  the 
steam  below  the 
piston,  in  order 
that  the  pressure 
of  the  atmosphere 
might  be  availed 
to  force  down  the. 
piston  and  make 
an  effective  stroke. 
The  piston-rod  F 
is  connected  to  one 
end  of  the  working- 
beam.  The  piston 
is  shown  as  rising 
in  the  cylinder  C, 
steam  being  ad- 
mitted to  it  by 
pipe  S  and  valve 
V.  When  the  piston  has  attained  its  maximum 
bight,  the  valve  F  is  closed,  shutting  off  the  steam, 
and  the  valve  D  is  opened,  admitting  water  at  the 
injection -aperture.  The  water  speedily  condenses 
the  steam,  and  the  piston  is  depressed  by  the  weight 
of  the  atmosphere. 

The  water  escapes  by  the  pipe  j&to  the  cistern 
called  the  hot-welly  whence  it  is  drawn  for  the  sup- 
ply of  the  boilel".  The  valve  F  opens  outwardly  to 
allow  the  water  to  escape.  The  air  escapes  by  an- 
other pipe  at  the  valve-way  G. 

The  valves  of  this  engine  were  originally  in  the 
form  of  faucets,  which  were  turned  by  hand  at  the 
proper  times,  as  we  see  in  Worcester's,  Papin's,  and 
Savery's  engines.  The  same  plan  was  adopted  in 
Newcomen's  until  an  ingenious  boy,  Humphrey  Pot- 
ter, being  placed  in  charge,  devised  in  1716  a  means 
for  connecting  the  lever-handle's  of  the  spigots  to  the 
working-beam,  so  that  the  motion  of  the  latter  was 
the  means  of  opening  and  closing  the  respective 
valves  at  the  proper  times. 

To  the  engine  of  Newcomen,  Watt  added,  among 
other  improvements,  the  separate  condenser  and  the 
air-pump.     By 

the    former  he  Fig.  407. 

avoided    the 
cooling  of  the   I 
cylinder  at  each 
down  stroke  of 
the  piston  ;  by 
the    latter    he   i 
made  the  vacu- 
um beneath  the 
piston    more   , 
perfect. 

In  the  im- 
proved form  the  J 
steam  is  admit- 
ted by  pipe /S' and 
isthecylinderoftl 
which  ejects  the  wi 
and  air  resulting  f 
jection  of  water  ir 
denser  at  E, 

In  starting  the  < 
pistons  of  the  cyuuucr  luiu 

air-pump  being  both  up,  any  WatH^s  Atmospheric  Engine. 
accumulation  of  water  at  the 

bottom  of  the  latter  is  drawn  off  by  the  faucet  F, 
which  is  then  closed.  The  valve  B  is  then  raised 
above  the  steam-pipe  S,  so  as  to  fill  the  cvlinder, 
condenser,  and  passage  D  with  steam,  which  ejects 
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the  air  at  the  valve  Q.  The  slide  B  is  then  lowered, 
so  as  to  shut  oft'  the  siipnly  of  steam  ;  the  iinection- 
faucet  /  is  opened,  discharging  water  into  the  con- 
denser E,  causing  both  pistons  to  descend.  This  is 
the  effective  stroke  of  the  engine,  and  as  the  piston 
of  the  air-pump  descends,  the  results  of  condensation, 
together  with  some  steam  and  air,  flow  through  the 
valve-way  between  the  condenser  and  air-pump 
chamber,  to  be  ejected,  as  the  piston  A  rises,  on  the 
return  stroke.  The  rising  of  the  piston  A  closes  the 
intermediate  valve  and  opens  the  eduction-valve  Q. 

The  latent  heat  of  steam  being  about  950°,  steam 
at  212*'  may  be  said  to  have  960"  latent  and  212° 
sensible  heat,=  1162^  Steam  mixed  with  5^  times 
its  weight  of  water  at  32**  will  raise  the  latter  to 
Clearly  boiling  heat,  though  the  water  requires  a 
great  increment  of  heat  to  raise  it  a  few  degrees 
more,  as  so  much  heat  becomes  latent  in  passing  to 
the  condition  of  steam. 

The  formula  for  construction  of  these  engines  is 
given  as  follows  by  Cresy. 

The  cylinder  has  a  diameter  equal  to  half  its  length. 

The  velocity  in  feet  per  minute  should  be  98 
times  the  square  root  of  the  length  of  the  stroke. 

The  stroke  of  the  air-pump  should  be  half  that  of 
the  cylinder,  and  the  diameter  of  the  air-piston  three 
eighths  tliat  of  the  steam-piston. 

The  area  of  the  steam  passage  is  :  as  4800  is  to  the 
velocity  in  feet  per  minute,  so  is  the  area  of  the  cyl- 
inder to  the  area  of  the  sieam  passage. 

To  ascertain  the  quantity  of  steam,  multiply  the 
area  of  the  cylinder  in  feet  by  half  the  velocity  in 
feet ;  add  one  fifth  for  cooling.  This  result  divided 
by  1480  gives  the  quantity  of  water  required  to  sup- 
ply the  boiler. 

Twenty-four  times  this  quantity  of  water  is  re- 
quired for  condensation. 

The  injection-aperture  should  be  one  thirty-sixth 
the  diameter  of  the  cylinder ;  the  conducting-pipe 
one  ninth. 

To  ascertain  the  power,  multiply  6.25  tiroes  the 
square  of  the  diameter  of  the  cylinder  in  inches  by 
half  the  velocity  of  the  piston  in  feet  per  minute  ; 
the  product  expresses  tne  effective  power,  or  the 
namber  of  pounds  elevated  one  foot  nigh  per  min- 
ute ;  the  horse-power  is  found  by  dividing  tne  result 
by  33,000. 

At-mos-pher'io  Gov'em-or.  An  apparatus  for 
^veming  the  motion  of  machinery  by  means  of  an 
imprisoned  body  of  air  subjected  to  pressure.  The 
illustration  shows  one  form  of  apparatus  in  which 
the  brake-lever  D  may  be  brought  into  contact  with 
some  moving'wheel  of  the  machine  to  be  regulated. 
The  pressure  of  the  air  in  the  cylinder  A  upon  the 
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piston  C  is  the  measure  of  the  power  brought  upon 
the  brake  D.  This  pressure  may  be  decreased  by 
allowing  air  to  escape  through  the  stop-cock  F^  or 
increased  by  the  action  of  the  valved  piston  B^  b'. 

At-mofl-pher'ic  Ham'mer.  A  power-hanmier 
driven  by  the  force  of  compressed  air. 

In  some  cases  the  air  is  employed  merely  to  lift 


the  hammer  ;  in  other  cases  air  is  also  employed  as  an 
a(yunct  in  the  effective  stroke.  In  the  latter  case 
the  operation  is  much  like  that  of  the  steam-ham- 
mer, the  main  difference  being  in  the  substitution 
of  air  for  steam. 

In  Hague's  English  patent  some  forty  years  since, 
an  atmospheric  hammer  is  shown,  in  which  the 
helve  is  raised  by  the  pressure  of  the  atmosphere  be- 
neath a  piston  above,  the  hammer-helve,  the  air  be- 
ing exhausted  from  above  the  piston  by  means  of  a 
pump  ;  the  hammer  falling  by  its  own  weight  when 
the  air  is  admitted  above  the  piston. 

In  Fig.  409,  a  6  is  the  hammer  turning  upon  the 
fulcrum  at  6 ;  c  the  anvil  ;  d  a  cylinder  situated 
immediately  over  the  hammer ;  e  the  piston  con- 
nected with  the  hammer  by  the  bar/ and  the  slings 
g  \  h  B.  slide-valve  worked  by  the  lever  I,  which  is 

Fig/ 409. 


Hagu€*s  Atmotpheric  Hanmur, 

struck  by  a  pin  on  the  bar/  when  the  piston  arrives 
at  the  top  or  the  cylinder,  depressing  the  valve  so 
as  to  shut  off  communication  with  the  air-pump  and 
admit  atmospheric  air  above  the  piston,  permit- 
ting' the  hammer  and  piston  to  fall  by  their  own 
weight. 

Towards  the  close  of  the  descent,  the  hammer,  by 
means  of  a  line  attached  to  it  and  to  the  lever  2,  re- 
verses the  position  of  the  latter  and  of  the  slide- 
valve,  thus  re-opening  the  communication  between 
the  cylinder  and  the  air-pump,  k  is  the  pipe  leading 
from  the  air-pump  to  tne  cylinder  ;  m  is  a  cock'for 
shutting  off  the  communication  with  the  air-pump 
when  the  hammer  is  not  at  work  ;  n  n  are  spanners 
for  opening  and  shutting  the  cock. 

The  atmospheric  hammer  (Fig.   410)  has  an  air- 
pump  and  hammer  combined  in  the  same  frame. 
e  is  the  band-wheel  which  derives  its  motion 
from  the  motor,  —  steam  or  water,  as  the  case 
maybe,    v  is  the  pitman, and  pthe  piston  op- 
erated by  a  MTist  on  the  band-wheel  e  and  condens- 
ing the  air  in  the  cylinder  o.     The  compressed  air 
is  stored  in  a  reservoir  a  h,  and  conducted  to  the 
valve-chamber. 

In  this  chamber  are  a  slide-valve  Ic  and  stationary 
valve  d  cty  the  former  operated  by  the  valve-rod  ^D 
from  the  friction-wheels  y  d. 

The  head  of  the  hammer  h  is  attached  to  a  piston 
gr,  which  works  in  the  cylinder/,  into  which  air  is 
admitted  —  like  steam  to  a  double-acting  steam- 
engine —  alternately  above  and  below  the  piston. 
The  friction-wheel  h'  is  spline-keyed  upon  the  shaft 
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Hg.  410. 


Atmot-pkerie  Hammer. 

d,  and  is  adjustable  upon  the  latter  longitudinally,  so 
that  its  perimeter  shall  come  in  contact  with  the 
under  sioe  of  the  wheel  y  at  points  more  or  less  dis- 
tant from  the  axis  of  the  last-mentioned  wheel.  In 
this  way  the  valve  is  made  to  admit  more  or  less 
air  to  the  cylinder  according  to  the  force  required 
and  the  duty  to  be  performed.  If  the  wheel  b'  be 
near  the  center  of  wheel  y,  but  little  motion  is  im- 
parted, the  stroke  is  (^uick,  and  the  blow  light ;  but 
if  the  wheel  V  is  earned  nearer  to  the  periphery  of 
the  wheel  y,  the  hammer  is  slower  in  its  motion,  and 
a  more  forcible  blow  is  given. 
The  valve-plate  df  <f  is  adjustable,  but  not  involved 

in   the   ac- 
M«-411. .  tive     mo- 

tions of  the 
machine. 
Its  adjust- 
ment affects 
the  area  of 
opening  in 
the  air  in- 
du  ct ion- 
valve  ports. 
The  stop- 
cock ^  is  an 
escape  for 
air  when  re- 
quii-ed.  i 
J    are  ham- 

»mer  and  an- 
vil faces,  re- 


spectively. 

In  anoth- 
er example 
(Fig.  411) 
thenammer 
is  recipro- 
cated by  pit- 
man con- 
nection K 
to  a  wrist 
on  a  crank- 
shaft C,  op- 
erated by  a 
band     on 


Atmospheric  nammv. 


wheel  N.     The  hiffht  of  the  hanmier  F  above  the 
anvil  is  graduated  by  the  acyustment  of  its  piston- 


I  rod   / ;  and  its  stroke  by  the  aciyustment   of  the 
the  crank-shaft, 
le  standard  of  the  frame, 
tmmer  (Fig.  412)  derives  the  decision  of  its 
Di  the    force  of 

ed    air.      The  I5ig.412. 

■  head     is     at-  — 

bo   a  piston  B 
n  a  cylinder  F, 
er    being    con- 
)y  a  pitman  I) 
ttk -wheel  F  ro- 
y    the    motor, 
cylinder    as- 
m    enters    the 
the  cylinder, 
air  being  com- 
below  the  pis- 
ton,    the 
hammer  is 
lifted.   As 
^     the  cylin- 
der    de- 
scends, air 
is     com- 
pressed 
above  the  piston,   and 
is  stored  up  to  produce  ) 
a  sudden  blow,  by  in-  (^ 
stant    expansion    after 
the     crank    and    con- 
necting-rod    turn     the  Pnamuaie  Hammer. 
bottom  center. 

At-mos-pher1o  Line.  The  equilibrium  line  of 
an  indicator  card,  which  shows  that  the  steam 
pressure  is  equal  to  that  of  the  atmosphere. 

At-mos-pher'ic  Ptiinp.  One  in  which  the  pres- 
sure of  the  air  forces  water  into  the  pipe  below  the 
plunger.  The  usual  form  of  Zt/%-pump,  though  some 
lift-pumps  elevate  the  water  from  immense  depths 
in  mines.  The  attempt  in  1641  of  a  Florentine 
pump-maker  to  make  an  atmospheric  pump  which 
would  elevate  water  50  or  60  feet  having  failed,  the 
Grand  Duke  asked  Galileo  to  account  for  the  failure. 
His  reply  was  not  to  the  purpose,  but  Torricelli  ten 
years  afterwards  explained  the  cause.  Galileo  was 
by  this  time  "in  his  grave."  Malice  had  "done 
his  worst  ....  nor  steel  nor  poison  "  could  "  touch 
him  further." 

At-mos-pher'io  Rail'way.  The  idea  of  convey- 
ing carriages  in  a  tube  by  means  of  atmospheric 
pressure  seems  to  have  originated  with  Dr.  Papin,  of 
blois,  in  France,  about  the  end  of  the  seventeenth 
century.  This  extremely  versatile  man  was  the  first 
to  apply  steam  to  raising  a  piston  in  a  cylinder. 
He  was  the  inventor  of  the  Digester,  and  to  this  was 
first  applied  the  lever- weighted  safety-valve,  also  the 
Doctor's  invention.  The  experiments  actually  en- 
tered upon  by  the  philosopher  of  Blois,  in  the  mat- 
ter of  compressed  air,  were  principally  directed  to 
the  transmission  of  power  thereby.  See  Am  as  a 
Mrans  of  transmitting  Power. 

He  placed  air-compressing  ennnes  in  positions 
where  the  compression  could  be  effected  by  a  fall  of 
water,  and  pipes  were  to  convey  the  air  to  the  mine, 
where  it  was  to  be  allowed  to  expand  against  a  pis- 
ton and  work  a  pump.  For  some  reason  the  project 
failed  in  its  execution,  but  has  been  more  successful 
in  other  hands. 

The  suggestion  of  conveying  goods,  parcels,  and 
passengers  by  compressed  air  appears  to  have  been 
rather  a  chance  suggestion  than  to  nave  been  seriously 
entertained,  and  it  has  been  again  and  again  revived 
in  the  130  years  that  intervened  between  Papin 
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and  Medhuret,  who  again  urged  the  project  about 
1810. 

Medhurst,  in  1810,  published  an  account  of  **a  new 
method  of  conveying  goods  and  letters  by  air,"  and 
in  1812  extendea  the  idea  bo  as  to  provide  for  the 
transmission  of  passengers,  whom  he  proposed  to 
transport  at  the  rate  of  fifty  miles  per  hour.  His 
project  consisted  of  an  air-tight  tiibe,  containing  a 

C*r  of  cast-iron  wheel- tracks  on  which  the  carriage 
to  run.  The  carriage  had  the  form  of  the  tube 
and  a  certain  amount  of  packing  to  prevent  the 
leakage  of  the  air,  which  was  condensed  behind  it 
and  formed  the  propelling  power. 

His  calculation  was  as  follows  :  — 

To  obtain  a  speed  of  60  miles  per  hour,  in  a  tube 
six  feet  in  diameter,  would  recjuire  a  constant  im- 
pelling force  of  861  pounds  moving  at  the  rate  of  73 
feet  per  second,  equal  to  the  power  of  180  horses. 
Taking  the  consumption  of  fuel  of  a  steam-engine  of 
that  size  at  12  bushels  of  coal  per  hour,  three  tons 
of  goods  might  thus  be  conveyed  50  miles  at  a  cost 
of-  12*.  and  at  the  speed  mentioned.  The  project 
fell  upon  the  dead  ear  of  the  public. 

Twelve  years  afterward  the  idea  was  revived  in  a 
changed  form.  Retaining  the  tube  and  carriage  of 
Medhurst,  Vallance,  in  1824,  obtained  a  patent  in 
England  for  his  modified  plan,  which  consisted  in 
using  a  partial  vacuum  in  front  of  the  carriage,  al- 
lowing tne  natural  atmospheric  pressure  in  the  rear 
to  impel  the  carriage.  In  this  he  differed  from 
Papin  and  Medhurst,  who  proposed  a  plenum  in  the 
rear,  and  not  a  vacuum  in  the  advance. 

Vallancc's  tunnel  was  to  be  of  iron  or  vitrified 
clay,  and  he  constructed  a  short  tube  in  his  garden 
at  Brighton,  which  worked  on  the  moderate  scale 
on  which  it  was  applied,  and  was  occasionally  no- 
ticed in  the  journals  of  the  day. 

So  far  all  the  inventors  have  proposed  that  the 
carriage  shall  travel  in  the  tube  in  the  manner  of  a 
piston.  The  next  proposition  introduces  a  new  fea- 
ture. 

In  1884,  Pinkus,  an  American  citizen  residing  in 
England,  took  out  a  patent  for  an  apparatus  which 
he  termed  a  Pneumatic  Railway,  and  laid  the  foun- 
dation of  most  of  the  successful  applications  of  the 
atmospheric  principle  which  have  since  been  intro- 
duced. 

Pinkus's  patent  embraces  a  main  with  a  continu- 
ous longitudinal  slot  on  its  upper  surface,  and  an 
elastic  gravitating  valve  to  fill  the  slot.  The  tube 
was  to  be  about  forty  inches  in  diameter,  laid  down 
between  a  pair  of  rails  on  which  the  carriages  were 
to  run,  and  having  within  it  a  piston  attached  by  a 
vertical  arm  to  the  leading  carriage  of  the  train. 
The  vertical  arm  passed  through  the  slot  in  the  up- 


per part  of  the  tube,  and  displaced  the  valve  as  the 
piston  advanced,  the  valve  closing  in  the  rear  of  the 
arm  after  allowing  some  air  to  enter.  The  valve 
consisted  of  a  thick  cord  saturated  with  a  composi- 
tion of  wax  and  tallow. 

Clegg  patented  some  improvements  in  1839. 

The  valve  works  on  a  ninge  of  leather  or  other 
flexible  material,  which  is  practically  air-tight,  sim- 


rig.  418. 


CUggU  Valve  dosed. 


Clegg^s  Valtfe  open. 


ilar  to  the  valves  commonly  used  in  air-pumps  ;  the 
extremity  or  edge  of  the  valve  is  caused  to  fall  into 
a  trough  containing  a  composition  of  beeswax  and 
tallow,  or  other  surotance  which  is  solid  at  the  tem- 

eerature  of  the  atmosphere,  and  becomes  fluid  when 
eated  a  few  degrees  above  it. 

An  outer  flap  of  sheet-iron  /  covers  the  leather 
valve  when  the  slot  in  the  tube  is  closed  behind  the 
colter  C,  and  is  raised  before  the  colter  by  the  ob- 
lioue  roller  I),  Figs.  414,  416. 

The  tube  ^  was  coated  inside  with  hard  tallow, 
to  make  it  perfectly  smooth,  and  the  piston  B  was 
furnished  with  a  rod  <S',  about  14  feet  long,  to  which 
were  attached  rollers  ff  H,  which  pressed  open  an 
air-tight  valve  along  the  top  of  the  tube  as  tne  pis- 
ton advanced.  The  piston  was  attached  to  the  first, 
or  driving,  car  by  means  of  a  colter  C,  and  to  the 
driving  car  was  attached  a  copper  vessel,  several  feet 
in  length,  heated  with  coke,  for  the  purpose  of  melt- 
ing the  composition  after  the  valve  had  oeen  pressed 
down  by  the  closing  roller. 

The  valve  behind  the  Ufting-bar  was  held  up  for 
a  sufficient  time  by  the  rollers  U  U,to  allow  the  air 
to  pass  in  behind  the  piston. 

The  pipe  was  divided  by  valves  into  three-mile 
sections,  a  steam-engine  working  the  air-pump  of 
each.  The  main  was  cast  in  sections  nine  feet  long, 
joined  by  an  oil  cement. 

An  experimental  line  was  laid  down  at  Wonii- 
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wood  Scmbs  \iy  Cleag  and  Samuda.  The  line  was 
ibalf  a  mile  long,  witn  a  rise  of  1  in  120  for  a  part  of 
the  distance  and  1  in  115  for  the  remainder.  The 
diameter  of  the  main  was  nine  Inches.  The  exhaus- 
tion WM  produced  by  means  of  an  air-pump  37 
inches  in  mameter  and  22  inches  stroke,  worked  by 
a  condensing  engine  of  IG-horse  power. 

This  arrangement  was  employed  from  1844  to 
1855,  on  the  line  from  Kingston  to  Dalkey,  Ireland, 
If  miles  long.  It  is  stated  that  an  exhaustion  of 
15  inches  coSd  be  produced  in  two  minutes,  and  a 
rate  -of  50  to  60  miles  an  hour  could  be  obtained. 
The  rise  is  71i  feet  in  3,050  yards. 

The  diameter  of  the  main  was  15  inches.  The 
double-acting  air-pump  was  66^  inches  diameter, 
with  a  stroke  of  66  inches.  It  was  worked  by  a 
high-pressure  condensing-engine  of  34  inches  diam- 
eter and  66  inches  stroke,  working  expansively. 

The  stoppage  was  effected  by  a  powerful  brake, 
and,  if  necessary,  by  an  arrangement  operatable  from, 
the  car,  by  which  the  valve  was  opened  in  advance, 
so  as  to  destroy  the  vacuum. 

Railroad  engineers  expressed  very  various  opinions 
on  the  feasibility  of  the  new  project,  Brunei  and 
Stephenson  took  opposite  sides,  as  usual,  and  the 
plan  was  tried  in  South  Devonshire,  on  the  Croydon 
Railway,  and  elsewhere.  It  eventually  failed  by 
reason  of  complexity  and  liability  to 
get  out  of  order,  leakage  of  air  im- 
pairing the  vacuum. 

The  advantages  are  :  facility  in 
ascending  heavy  grades,  rendering 
less  cost  necessary  in  leveling  ana 
^^rading  ;  and  security  against  collis- 
ion. 

Another  form  of  conveying  the  mo- 
tion of  the  piston  in  the  atmospheric 
tube  was  invented  b^  Pilbrow,  and 
was  intended  to  avoid  the  continu- 
ous opening  in  the  tube,  and  the 
necessity  for  the  valve  which  closed 
it  on  the  Pinkus  principle.  Pilbrow 
made  a  toothed  rack  on  the  edge 
of  his  piston,  which  rack  engaged 
with  a  series  of  pinions  in  air-tight 
boxes  attached  to  the  sides  of  the 
tube  at  short  intervals.  The  verti- 
cal axes  of  these  pinions  passed  up- 

Fig.  416. 


ward  through  stuffing-boxes,  and  at  the  top  were 
provided  with  other  pinions  which  geared  into  racks 
on  the  sides  of  the  carriages.  Thus,  the  motion  of 
the  piston  rotates  the  pinions  successively  as  it 
advances  along  the  line,  and  they  communicate 
motion  to  the  carriage.  It  is  not  known  to  the 
writer  whether  this  device  ever  came  into  practical 
use. 

Keene  and  Nickel's  Atmospheric  Railway  (Eng- 
lish) was  designed  to  act  by  compressed  air  in  a  tubs 
laid  along,  under  ground,  between  the  lines  of  rail.  Sta- 
tionary above  the  surface  are  certain  standards  with 
grooved  sides,  in  which  are  elastic  pipes  fed  from  the 
reservoir-pipe  below.  Beneath  the  carriage  to  be 
driven  are  rollers  which  are  made  to  condense  the 
elastic  pipes  into  the  hollowed  sides,  and  the  air, 
being  admitted  in  the  rear,  expands  against  the 
peripheries  of  the  drums  beneath  the  carriage,  and 
forces  them  to  rotate  and  the  carriage  to  advance. 

Henry's  Atmospheric  Railway,  English  Patent, 
August  7,  1845,  specifies  a  side  slit  in  the  atmos- 
pheric tube,  and  the  longitudinal  valve  closed  by 
the  pressure  of  a  long  bag  or  hose,  inflated  with  air 
and  protected  by  a  shield  of  wrought-iron  bolted  to 
the  tube. 

The  vacuum  in  the  tube  is  produced  by  first  filling 
.with  water  a  number  of  large,  close  reservoirs  con- 
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nected  w^ith  the  tube  by  pipes  and  valves,  opening 
the  communication  between  the  tw^o,  and  then  allow- 
ing the  water  to  run  off. 

The  same  mode  of  producing  the  vacuum  was 
described  in  Aitken's  English  Patent,  February  24, 
1844. 

In  another  application  of  the  air,  a  tube  laid 
throughout  the  fine  is  filled  with  compressed  air, 
and  is  used  as  a  reservoir  wherefrom  compressed-air' 
locomotives  may  renew  their  supply  of  air. 

This  is  suggested  in  connection  with  one  form  of 
Elevated  Railway. 

In  one  form  (Atmospheric  Elevated  Railway),  the 
tube,  which  extends  the  whole  length  of  the  railway, 
is  filled  with  compressed  air,  for  the  supply  of  the 
tanks  on  the  cars,  which  form  reservoirs  for  the 
supply  of  the  air  whereby  the  air-engines  are 
driven.  The  tube  at  suitable  intervals  has  valves 
and  discharge-pipes  for  the  supply  of  the  engines  on 
the  cars. 

The  original  proposition  to  use  a  transportation- 
tube  and  compression  or  exhaustion  of  air  for  the 
conveyance  of  lighter  articles  of  freight  and  letters, 
has  been  put  in  practice  successfully.  A  company 
was  formed,  and  a  permanent  line  laid  down  in  1859, 
for  conveying  parcels  and  light  goods  from  the 
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ATOMIZER. 

•TMBOL. 

OLD. 

mw. 

Cadmium, 

Cd. 

66. 

112. 

CcBsium, 

Cs, 

188. 

188. 

Calcimn, 

Ca. 

20. 

40. 

Carbon, 

C. 

6. 

12. 

Cerium, 

Ce. 

45.7 

91.8 

Chlorine, 

CI. 

85.5 

85.5 

Chromium, 

Or. 

26.1 

52.2 

Cobalt, 

Co. 

80. 

60. 

Columinum, 

Cb. 

94. 

94. 

CoDper, 
Didjrmium, 

Cu. 

81.7 

68.4 

D. 

47.5 

95. 

Erbmm, 

£. 

56.3 

112.6 

Fluorine, 

F. 

19. 

19. 

Gludnum, 

GL 

4.6 

9.2 

Chid, 

Au, 

197. 

197. 

Hydrogen, 

H, 

1. 

1. 

Indium, 

In. 

56.7 

118.4 

Iodine, 

/. 

127. 

127. 

Iridium, 

Ir. 

99. 

198. 

Iron, 

Fe. 

28. 

56. 

Lanthanum, 

La. 

46. 

92. 

Lead, 

Pb. 

108.5 

207. 

LUhivm, 

Li. 

7. 

7. 

Magnesium, 

Mg. 

12. 

24. 

Manganese, 

Mn. 

27.5 

65. 

Mercuiy, 

Molybdenum, 

Nickel, 

Hg. 

100. 

200. 

Mo. 

48. 

96. 

Ni. 

29. 

68. 

Nitrogen, 

N. 

14. 

14. 

Osmium, 

Os. 

100. 

200. 

Oxygen, 
Palladium, 

0. 

8. 

16. 

Pd. 

58. 

106. 

Phosphorus, 

P. 

81. 

81. 

Platinum, 

Pt. 

98.7 

197.4 

Potassium, 

K. 

89.1 

89.1 

Rhodium, 

Ro. 

52. 

104. 

Rubidium, 

Bb. 

85.4 

85.4 

Ruthenium, 

Ru. 

52. 

104. 

Selenium, 

Se. 

89.5 

79. 

Silicon, 

Si. 

14. 

28. 

Silver, 

Ag. 

108. 

108. 

Sodium, 

Na. 

28. 

28. 

Strontium, 

Sr. 

44. 

88. 

Sulphur, 

S. 

16. 

82. 

TatUaiv/m, 

Ta. 

182. 

182. 

Tellurium, 

Te. 

64. 

128. 

Terbium, 

Tb. 

87.7 

75.4 

Thallium, 

Tl. 

204. 

204. 

Thorium, 

Th. 

59.2 

118.4 

Tin, 

Sn.       . 

59. 

118. 

Titanium, 

TL 

25. 

50. 

Tungsten, 

W. 

92. 

184. 

Uranium, 

U. 

60. 

120. 

Vanadium^ 

V. 

51.8 

51.8 

Yttrium, 

Y. 

.  80.8 

61.6 

Zinc, 

Zn. 

82.5 

65. 

Zirconium, 

Zr. 

44.8 

89.6 

Euston  Square  Station  and  the  Post-Office  in  Evers- 
holt  Street,  London,  and  an  extension  was  opened 
in  1865. 

This  realizes  the  dreams  of  Papin  and  the  hopes 
of  Medhurst,  nearly  two  hundred  years  after  the 
busy  speculations  of  the  first  and  fifty  years  after 
the  disappointment  of  the  second. 

A  late  act  of  Congress  (1872)  appropriates  $  15,000 
for  a  pneumatic  dispatch-tube  between  the  Capitol 
and  the  Government  Printing-office,  Washington. 

The  pneumatic  dispatch-scheme  has  been  put  in 
operation  at  the  Crystal  Palace,  Sydenham,  England, 
to  convey  regular  passengers.- 

The  tube  extends  from  the  Sydenham  entrance  to 
the  armory  near  Penge  G^te,  a  distance  of  about  a 
quarter  of  a  mile  ;  and  it  is,  in  fact,  a  simple  brick 
tunnel,  nine  feet  high  and  eight  feet  wide,  —  a  size 
that  renders  it  capable  of  containing  an  ordinary 
rail  way -carriage.  The  piston  is  .rendered  partially 
air-tignt  by  the  use  of  a  fringe  of  bristles  extending 
nearly  to  the  brickwork  of  the  tunnel  and  its  floor. 
A  fan  20  feet  in  diameter  is  employed  to  exhaust  or 
to  force  in  air,  and  perhaps  it  is 'impossible  to  devise 
any  other  expedient  so  well  calculated  to  answer 
the  required  purpose.  It  must  be  remembered  that 
either  a  plenum  or  a  vacuum  equivalent  to  .5  of  an 
inch  of  mercury  is  quite  sufficient  to  propel  even  f^ 
heavy  train  at  a  high  speed  on  a  moderately  level 
line.  In  the  present  instance  the  motive-power  is 
supplied  by  an  old  locomotive  borrowed  from  one  of 
the  railway-companies,  which  is  temporarily  mounted 
on  brickwork.  The  tires  have  been  removed  from 
the  driving-wheels,  and  these  last  put  the  fan  in 
motion  by  straps. 

The  line  is  a  quarter  of  a  mile  long  ;  a  very  small 
portion  of  it,  it  any,  is  level,  but  it  has  in  it  a 
gradient  of  one  in  fiheen,  —  an  incline  which  no 
engineer  would  construct  on  an  ordinary  railway  ; 
and  as  it  is  not  a  level  line,  so  it  is  not  a  straight 
one  ;  for  it  has  curves  of  only  eight  chains  radius, 
which  are  shorter  than  those  usually  found  in  exist- 
ing railways.  The  entire  distance,  600  yards,  is 
traversed  m  about  50  seconds,  with  an  atmospheric 
pressure  of  but  2^  ounces.  The  motion  is,  of  course, 
easy  and  pleasant,  and  the  ventilation  ample,  with- 
out being  in  any  way  excessive.  See  Pneumatic 
Tubular  Dispatch. 

At-mos-pherlo  Spring.  A  spring  formed  by 
a  confined  body  of  air  either  operating  by  means  of  a 
cylinder  and  piston  or  by  an  air-tight  Img. 

It  has  been  suggested  for  gun-carriages,  to  take 
the  jar  of  the  recoil,  and  also  tor  railroad- cars.  See 
Pneumatic  Spring. 

A-tomlo  "Weights.  The  appended  list  of 
chemical  equivalents  differs  much  from  those  of  old- 
er and  other  authorities,  but  is  offered  as  the  best 
•within  the  reach  of  the  present  vrriter.  It  differs  also 
from  a  short  list  of  chemical  equivalents  on  page  66. 

TABLE  OF  ATOMIC   WEIGHTS. 

OompiUd  aceordint  to  the  Latett  DetenmnatioHS,  Jinr  the  Use 

of  the  StmUttts  of  tkt  School  of  Mines, 

QAumina  QUUge,  Jan.,  1872. 
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Hydrogen  =  1. 

SYMBOL.                          OLD. 

HIW. 

Oxygen, 

0.                     8. 

16. 

Aluminium, 

Al.                  13.7 

27.4 

Antimony, 

Sb.                122. 

122. 

Arsenic, 

As.                 75. 

75. 

Barium, 

Ba.                  68.5 

187. 

Bismuth, 

Bi.                210. 

210. 

Boron, 

B.                   11. 

11. 

Br.                 80. 

80. 

Af  om-i-ser.  The  atomizer  is  designed  to  re- 
duce a  liquid  into  spray  for  disinfecting,  cooling,  or 
perfuming  purposes. 

Several  mfferent  modes  of  operation  are  adopted. 
One  style  consists  of  a  blast  of  air  presented  at  ri^it 
angles  across  an  opening  in  tiie  ena  of  a  tube  which 
communicates  with  a  supply  of  the  liquid.  This 
acts  somewhat  on  the  principle  of  the  Gifhrd  In- 
jector, raises  the  liquid,  and  by  contact  disperses  it, 
reducing  it  to  a  fine  spray.  Tne  contiguous  air  and 
fluid  tubes  are  connected  to  the  verticJ  or  cup  tube, 
so  as  to  be  reversible  in  relation  thereto. 

The  atomizer-tube  is  used  to  diffuse  a  cooled 
liquid  in  spray  to  render  it  more  effective  in  absorb- 
ing the  sensible  heat  of  a  room  or  vessel.    There  are 


Digitized  by 


Google 


ATOMIZER. 


183 


ATOMIZER. 


ng.  418.  many     adapta- 

tions to  boats, 
granaries,  hos- 
pitals, fruit- 
chambers,  and 
for  making  ice. 
In  the  atom- 
izer (Fig.  418) 
the  atomizing 
blast  is  ejected 
by  an  elastic 
bulb,  and  cross- 
es the  orifice  of 
the  tube  leading 
from  the  vessel 
of  liquid,  whose 
contents  are 
thereby  raised, 
and  driven,  in 
the  form  of 
spray,  through 
the  shield, 
which  directs  it 
upon  the  part 
where  local  an- 
esthesia is  re- 
Aiomizer.  quired.        The 

shield  has  a 
ilaring  and  cylindrical  portion,  is  hinged  to  the  liq- 
uid vessel,  and  adjustable  in  relation  thereto,  and 
drains  into  the  vessel. 

In  another  apparatus  for  impregnating  the  air 
with  antiseptic  vapors,  to  prevent  infection  and 
purify  the  atmosphere  of  hospitals,  etc.,  a  trough 
holds  the  antiseptic  liquid,  such  as  tar,  carbolic 
acid,  turpentine,  etc.,  from  which  the  vapors  are  to 
be  generated.  A  frame  contains  a  number  of  verti- 
cal perforated  plates,  which,  after  dipping  in  the 
liquid,  are  supposed  in  a  raised  position,  so  as  to 
put  with  their  vapors  to  the  atmosphere. 

Fig.  419. 


FUwy^s  Atomizer. 

In  Fig.  419  the  vessel  is  supported  on  vertical 
pivots  above  a  gas-burner,  and  contains  a  disinfecting 
liquid  or  perfume.  When  heat  is  applied,  the  vapor 
escapes  by  the  hollow  arms  above,  revolving  the 
vessel,  on  the  principle  of  Hero's  eeolipile,  and  dis- 
seminating steam  and  spray  in  the  apartment.  The 
apparatus  is  supported  upon  a  pivot  erected  upon 


the  frame  of  the  Fig.  420. 

shade,  which  is 
secured  to  the 
gas-burner  in 
the  usual  man- 
ner. The  atom- 
izer is  also 
used  in  connec- 
tion with  an  air- 
carbureting  ap- 
paratus. 

In  the  early 
and  simple  forms 
of  inhalers  the 
liquid  was  va- 
lorized by  heat, 
and  this  is  a 
desirable  condi- 
tion for  some 
modes  of  treat- 
ment. In  many 
cases,  however, 
the  increased  temperature  produces  injurious  effects. 
A  means  of  changing  the  liquid  into  mist,  which 
does  not  act  on  the  Giffard  principle,  as  in  the 
modem  form  of  atomizer,  is  shown  in  Fig.  420. 
The  rotary  wheel  has  hollow,  radial  arms,  terminat- 
ing in  very  small  orifices,  through  which  the  liouid 
is  thrown  in  jets  by  centrifugal  action.  The 
liquid  is  ejected  against  oblique  plates  attached  to 
the  ends  of  the  radial  arms  of  another  wheel  which 
rotates  in  a  direction  the  reverse  of  the  foiiner. 
The  contact  of  the  liquid  with  the  plates  reduces  it 
to  a  spray,  which  pervades  the  chamber  in  which  the 
operation  is  carried  on,  and  the  patient  is  caused  to 
breathe  the  mist  either  by  a  tube  or  otherwise. 

In  the  ansesthetic  instrument  for  dental  purposes, 
each  tube  is  bifurcated,  so  as  to  reach  the  inner  and 
outer  sides  of  the  jaw  simultaneously,  by  the  branch- 
es d  d.     The  straight  tul)e  a  carries  the  air-blast, 


Fig.  «2L 


Atomizing  Wheel, 


Cutter^  8  Atomizer. 


and  thus  draws  a  current  of  liquid  whose  rapid  evap- 
oration produces  cold  and  local  anessthesia.  The  lower 
end  of  tne  bent  tube  h  is  dipped  in  the  liquid,  and  it 
discharges  at  its  end,  while  the  air-tube  ac  dischai^s 
just  in  advance  of  it,  producing  a  spray  of  the  liquid. 
The  atomizer  is  adapted  for  operation  by  hand  or 
foot  bellows  (see  Fig.  181).  It  consists  of  a  hollow 
curved  tube,  made  of  German-silver,  one  extremitj- 
of  which  has  an  adjustable  conical  cap,  while  the 
other  passes  down  into  the  bottle  through  a  perfora- 
tion in  the  cork.  A  short  distance  above  the  cork 
this  tube  has  another  tube  joined  to  it  at  right 
angles,  and  which  is  attached  to  the  india-rubber 
tubing.  Within  the  second  tube  there  is  contained 
a  capillary  one,  which  extends  from  within  a  line  or 
two  of  the  extremity  of  the  cap  nearly  to  the  bot- 
tom of  the  bottle,  and  beyond  tne  bottled  extremity 
of  the  larger  tube.  Near  its  upper  extremity  this 
capillary  tube  perforates  a  cylinaer  of  metal,  which 
almost  completely  occupies  th£  caliber  of  the  larger 
tube,  and  would  entirely  plug  it  up  except  that  it 
ha^  longitudinal  grooves  upon  its  surface.     Pressure 
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upon  the  hand-ball  forces  air  throu£;h  the  other  ball, 
and  so  to  the  cavity  of  the  curved  tube.  One  col- 
umn of  this  air  passes  upward  through  the  tube, 
and  the  other  downward  into  the  bottle.  The  up- 
ward column  passes  through  the  grooves  in  the  cir- 
cumference of  the  plu^  into  the  cavity  of  the  cap, 
and  escape-s  through  the  capillary  orifice  at  its  tip. 
This  column  of  air,  passing  over  the  extremity  of  the 
capillary  tube,  creates  a  vacuum  in  it,  which  is  sup- 
phed  by  the  liquid  contents  of-  the  bottle,  u^ion 
which  one  of  the  columns  of  air  is  pressing.  The 
other  column  of  air  divides  into  spray  the  drops  as 
they  issue  from  the  inner  tube. 

The  theaters  of  the  Romans  were  fitted  up  with 
numerous  concealed  pipes,  that  passed  in  eveiy 
direction  along  the  walls,  and  were  connected  to 
cisterns  of  water  or  to  machines  for  raising  the  lat- 
ter. Certain  paits  of  the  pipes  were  very  minutely 
perforated,  and  were  so  arranged  that,  by  turning 
one  or  more  cocks,  the  liquid  escaped  from  them, 
and  descended  upon  the  audience  in  the  form  of  dew 
or  extremely  fine  i-ain.  This  effectually  cooled  the 
heated  air,  and  must  have  been  exceedingly  refresh- 
ing to  the  immense  multitudes,  especially  in  such  a 
climate  as  Italy. 

**  The  dining-rooms  of  Nero's  golden  house  were 
ceiled  in  such  a  manner  that  the  attendants  could 
make  it  rain  either  flowers  or  liquid  perfumes.  At 
one  feast  100,000  crowns  were  expended  in  perfumed 
waters. "  —  Ewbank's  Hydraulics, 

It  is  possible  that  the  Romans  extinguished  flames 
in  the  same  manner.  See  also  Sir  William  Congreve's 
English  patents  Nos.  3201,  3606  ;  1809  and  1812. 

At-taohed'    Corumn.      (Architectiire.)      One 
partially  imbedded  in  a  wall.     An  inserted  column. 
At-tech'ment  Screw.    A  binding  screw. 
AVtiLc.    An  upper  story,  when  the  ceiling  is  hor- 
izontal.    Otherwise  it  is  a  garret. 

At'tle.  {Mining.)  Rubbish  containing  little  or 
no  ore.     Synomjrms  :  addle ;  adall ;  attal. 

At'wood's  Ma-chine^.    A  sci- 
FSg.  422.         entilic   apparatus  to  illustrate   the 
theory  of  accelerated  motion. 

It  consists  of  a  wooden  column, 
about  10  feet  high,  resting  on  a  base 
and  supporting  a  series  oi  anti-fric- 
•tion  wlieels,  which  support  a  large 
central  roller,  over  wnich  passes  a 
cord  having  equal  weights  at  each 
end,  so  as  to  be  in  equilibrio.  By 
means  of  a  giTiduated  staff  at  one 
side  the  rise  of  one  and  fall  of  the 
other  weight  are  indicated  in  feet 
and  inches. 

A  small  additional  weight,  being 
added  to  one  of  the  large  weights, 
causes  it  to  descend  with  a  velocity 
due  to  its  excess  of  gravity  over  the 
other ;  and  this  beinc  very  small,  the 
motion  is  correspondingly  slow,  ren- 
dering the  resistance  of  the  air  in- 
appreciable, and  enabling  the  rate  of 
descent  to  be  ascertained  with  great 
accuracy. 

The  counterpoise  weights  of  this 
apparatus  enable  the  constant  accel- 
eration of  speed  caused  by  gravity 
in  a  falling  body  to  be  shown  and 
measured  w^ithin  the  space  of  a  few 
feet  more  accurately  and  satisfacto- 
I    rily  than  could  be  done  by  the  fall 
Atwoo<rs  Machine,  of  a  weight  not  thus  countei-poised 
from  a  considerable  bight. 
It  limy  also  be  employed  to  illustrate  the  laws  of 


retarded  motion,  impact  of  bodies,  and  resistance  of 
fluids,  afi  well  as  other  phenomena  of  a  similar  nature. 

Alhazen  the  Saracen,  A.  D.  1100,  in  his  *'  Book  of 
the  Balance  of  Wisdom,"  considered  the  subject  of 
gravity,  and  asserted  that  it  diminished  with  the 
aistance.  It  was  reserved  for  Newton  to  determine 
that  it  decreased  as  the  square  of  the  distance. 
Alhazen  determined  correctly  the  relation  be- 
tween the  velocities,  spaces,  and  times  of  falling 
bodies.  The  University  of  Cordova  was  the  intel- 
lectual center  of  Europe  in  his  day.  The  Ehalif 
Alkamen's  library  was  so  large  that  its  catalogue 
filled  40  volumes.  The  people  of  Cordova  could 
walk  paved  streets  at  nignt  10  miles  in  a  straight 
line,  by  the  light  of  public  lamps,  when  London  and 
Paris  were  dark  and  dismal  mud-holes. 

Galileo,  bom  1564,  considered  the  subject  of 
acceleration  of  foi'ce,  and  determined  the  relation 
between  the  spaces  of  descent  and  the  times.  He 
used  inclined  planes,  by  the  aid  of  which  he  con- 
veniently diminished  the  velocity  without  changing 
the  nature  of  the  result 

Au'ger.  The  first  boring-tool  may  be  assumed 
to  have  been  an  awl  of  some  kind.  Pliny  states 
that  Dffidalus  invented  the  gimlet,  —  1240  b.  c.  It 
was  destitute  of  a  screw-point,  but  it  may  have  had 
a  hollow  pod,  and  a  cross-head  forming  a  handle. 
Awls  are  shown  in  Egyptian  tombs  of  1706  and 
1 490  B.  c.  The  screw-point  was  added  to  the  ^pm- 
let  in  course  of  time,  and,  within  our  own  recollection, 
the  twisted  shank,  which  makes  it  self-dischai^g. 
This  hint  was  taken  from  the  auger  proper,  which  may 
be  called  a  magnified  gimlet,  now  that  their  specific 
features  have  become  so  closely  assimilated  in  form 
and  function.     The  auger  {terebra)  was  a  Greek  tool. 

The  Teredo  navcUis  is  much  older  still,  and  carries 
an  auger  in  his  head  ;  ^—  a  great  bore  he  is. 

From  the  early  descriptions,  the  auger  appears  to 
have  been  considered  a  shipwright's  tool.  It  for- 
merly had  a  curved,  sharpened  end,  and  a  concavity 
to  hold  the  chips ;  this  was  a  pod  auger.  To  this 
a  lip  was  subsequently  added  for  some  kinds  of 
boring,  and  in  course  of  time  the  depression  grew 
into  a  spiral,  which  allows  the  chips  to  escape  while 
the  bonng  proceeds,  instead  of  withdrawing  the 
tool  as  the  pod  becomes  filled. 

The  TvrisUd  Auger  is  an  American  invention,  and 
•was  made  by  Lilley,  of  Mansfield,  Connecticut, 
about  the  beginning  of  the  present  century,  and 
afterwards  by  Gurley,  of  the  same  place. 


Fig.  428. 


Fig.  424. 


V  Hommedieu^s  Atu^er. 


Sketttr*s  American 
Augtr. 
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Fig.  426.  Augers  may  be  classified  as  au- 

gers; hollow  augers;  aunular  au- 
gers ;  taper  augers ;  augers  with 
secondary  borers,  reamers,  or  coun- 
tersinks, or  having  expansive  cut- 
ters. Aug:er-gaffes,  au^r-handles, 
'  and  machines  for  making  augers, 
will  be  considered  separately. 

L'Hommedief's     jiuger,   1809 
(Fig.  423),  has  two  pods,  two  cut- 
^  ting-lips,   a  central  screw,  and  a 
twisted  shank.     It  is  hardly  fair  to 
say  that  it  is  perfect  of  its  kind,  as 
^  so  many  improvements   have  fol- 
lowed ;  but  it  is,  on  a  smaller  scale, 
like  Stephenson's    "Rocket"   En- 
gine, the  type  of  its  class.     The 
form  of  auger  which  in  England  is 
called    the    "American"    pattern 
'  was  patented  by  Shetter,  March 
21,    1831.      It  has  a  spiral  blade 
^  around  a  cylindrical  core,  and  was 
long  a  favorite.     The  "good  work- 
men"  who    "never   quarrel   with 
their  tools"  do  not  seem  to  have 
retained  this  form   in  the  estima- 
tion it  once  held.     It  probably  offers  more  impedi- 
ment to  the  discharge  of  the  chips   than  does  the 
shank  made  from  a  flat  blade  twisted  into  a 
fig.  428.  spiral.      Some  auger-shanks   have   an   in- 
creaae  twist  as  they  recede  from  the  point ; 
I  this  gives  a  ^ater  freedom  of  discharge  by 
I  increasing  the  caliber  of  the  canal  as  the 
chips  ascend. 

In  the  auger  (Fig.  425)  the  cutting-lips 
\  commence  at  the  screw  or  point,  and  extend 
/therefrom  nearly  at  right  angles,  until 
.  about  half-way  from  the  center  to  the  outer 
)  point,  and  then  curve  upward  and  forward, 
giving  a  nearly  semicircular  form  to  the 
I  outer  portion  of  the  lips,  which  are  curved 
'  in  the  horizontal  and  vertical  planes. 


Co6i?9  AMger. 


The  auger  (Fi^.  426)  permits  the  forma- 
Lon  of   cutting-lips  at  any  point  on  the 
length  of  the  spiral,  by  cutting  off  the  twist 


at  any  point,  m  a  plane  vertical,  or  near- 
ly so,  to  the  axis  of  the  auger,  and  then 
jj^y,^,,  sharpening  its  edges.     The  front   surfaces 
Auger,   of  the  twist  are  concave,  and  the  rear  convex. 
The   Slotting  Atiger  cuts   laterally,   the 
work  being  fed  a^inst  its  side.     It  is  used  in  wood- 
mortising  and  slotting  machines.      The   twist    is 
formed  into  a  number  of  chisel-shaped  lips 
Fig.  427.  rising  from  the  edge  of  the  twist  and  pre- 
senting sharp  edges  in  the  direction  of  the 
bore  01  the  auger,  so  that  the  wood  may  be 
cut  laterally  if  pushed  against  the  instru- 
ment after  the  hole  has  been  bored  to  a  suffi- 
cient depth  for  the  proposed  mortise  or  slot. 
The  end-lips  may  be  made  chisel-shaped  or 
hollow  like  a  gouge,  as  desired.    If  the  auger 
'  or  bit  be  held  in  the  rapidly  revolving  arbor 
of  a  mortising  or  boring  machine,  the  mortise 
I  may  be  cut  at  full  depth,  at  one  operation, 
by  moving  the   wood  laterally  against  the 
auger.     The  corners  of  the  mortise  are  after- 
wards cut  out  by  a  chisel. 

Hollow  Attgers  are  used  for  forming  tenons 

on  the  ends  of  spokes,  bedstead- rails,  chair 

Stouing  rounds  and  legs,  table-legs,  and  many  other 

Augfr.  articles.     Those  on  a  more  extended  scale, 

which  allow  the  material  to  pass  clear  through 

them,  are  properly  turning-machines,  and  are  adapted 

for  making  scythe-snaths,  broom-handles,  etc. 


The  hollow  auger,  as  a  Fig-  428. 

tool,  operates  to  a  certain 
len^h  on  the  object,  after 
which  the  auger  or  the  ob- 
ject is  withdrawn.  Means 
for  measuring  the  stroke 
are  fi-equently  found  in 
the  construction  of  the 
tool,  as  by  the  depth  of 
the  socket ;  but  other  means 
may  be  used,  andare  known 
as  auger-gages. 

This  tool  (Fig.  428)  is 
adjustable  for  boring  holes 
of  different  sizes.  The  ro- 
tary disk  has  eccentric  slots 
acting  upon  pins  inserted 
into  the  bacKs  of  sliding 
cutter-heads,  so  that  they 
are  driven  out  or  drawn  in 
simultaneously,  and  fas- 
tened by  a  jam -nut,  which 
holds  them  in  the  required 
adjustment.  The  above  is 
adapted  to  be  used  as  a  bit 
in  a  brace. 

Fig.  429  has  cross-han- 
dles like  an  auger.  The 
cutting-tool  is  so  attached 
as  to  project  within  the 
opening,  and  the  size  of  the 
tenon  is  regulated  by   the  HoUow  Auger, 

a€yustment  of  the  angular 

rest.    The  tool  has  the  usual  auger-handles,  in  which 
respect  it  differs  from  most  of  its  class.     They  are 

Fig.  429. 


HoUovf  Auger, 

usually  attached  to  braces  or  to  mandrels  rotated 
in  bearings  similar  to  those  of  the  lathe-head. 

A  dozen  others  might  be  cited,  but  these  are 
probably  sufficiently  descriptive.  Fig.  480. 

Annular  Augers  cut  an  annular  groove, 
leaving  "  laud  "  on  the  inside  and  outside  of 
the  channel.  The  example  (Fig.  480)  is 
adapted  for  boring  cyUndncal  blocks  out  of 
a  board,  the  lower  edge  of  the  tube  being 
serrated.  Fitted  inside  the  tube  is  a  cylin- 
drical plug  with  a  central  point.  On  the  re- 
duced shtmk  of  the  plug  is  a  spiral  spring, 
which  keeps  the  point  extended,  except  when 
pressure  is  applied  to  the  tool  in  bonng. 

The  cutters  on  the  end  of  the  tube  (Fig. 
431)  make  an  annular  groove  and  leave  a  core 
of  wood  in  the  center,  the  chips  being  with- 
drawn continuously  by  the  spiral  blade  on 
the  tube.  The  cutting-Ups  start  at  the  pe- 
riphery of  the  bit,  and  extend  towards  the 
center  in  concave  lines,  till  they  terminate  at 
the  inner  portion  of  the  tube,  where  their 
direction  approaches  a  line  parallel  with  the 
axis  of  the  auger.  In  a  subsequent  form  a 
number  of  tubes  are  arranged  concentrically, 
so  as  to  cut  concentric,  annular  grooves  sim- 
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Fig.  481 


Fig.  482. 


Jnmilar  Auger. 


Annular  Borer. 

ultaneously,  and  produce  a  nest  of  cyl- 
inders out  of  the  same  stick  or  board. 
Yet  another  form  is  found  in  the 
I  tool  (Fig.  432)  sometimes  known  as  a 
button- tool.  It  has  an  upright  cen- 
ter standard,  with  a  line  feeding-screw 
on  the  lower  end.  The  cutter  is  at- 
tached to  a  radial  arm,  and  is  adjust- 
able, so  as  to  describe  the  diameter 
required  for  the  hole.  The  cutter  is  fed  to  its  work 
by  the  thread  on  the  standard,  and  the  chips  are 

ejected  by  the 
_^~  curved  neck. 

rrri  Taper     Au- 

gers are  uaedfoT 
reaming  out 
bungholes, 
making  butter- 
prints,  etc. 
The  center  bit 
bores  a  hole,  and 
is  succeeded  by 
the  taper  ream- 
er, which  has  a 
throat  for  the 
chips,  cut 
through  from 
the  eag^  of  the 
bit  on  one  side 
to  the  opposite 
side  01  the 
stock. 

The  Bung- 
hole  Reamer 
(Fig.  434)  has  a 
tapering  pod, 
and  a  cuttmg- 
lip  on  one 
side ;  the  lower 
_._.,_,        .    ^  end  is  closed  to 

'"*»'=*^^""'-  receive      the 

chips,  and  is  oj^en  at  the  top,  except  a  bail  to  which 
the  handle  is  fastened.  On  one  side  is  an  adjustable 
gage  and  index  to  determine  the  size  of  the  bore. 

The  ordinary  form  of  bunghole  borer  is  shown  in 
Fig.  485.  This  has  a  volute-shaped  blade  with  a 
sharpened,  salient  spiral  edge  and  a  gimlet  point. 
It,  fike  most  of  its  class,  is  for  reaming  out  bung- 
holes  and  taps. 

Augers  are  sometimes  provided  with  secondary 
borers,  reamers,  countersinkers,  or  expansive  cutters. 
In  Fig.  436  the  reamer  or  secondary  borer  is 
formed  in  two  pieces,  and  is  clamped  to  the  auger- 
shank  at  the  required  distance  from  the  end  of  the 
tool,  and  at  the  same  time  is  adjustable  to  ream  out 
a  hole  of  the  required  diameter.  The  clamp  is 
shown  separately  in  the  upper  portion  of  the  figure. 
In  Fig.  437  the  countersink  is  attached  to  the 


auger-shank  at  the  ^'  484. 

required  spot,  but 
does  not  entirely  ( 
surround  the 
shank,  the  opening 
correspondingwith 
the  twist  of  the 
shank,  so  that  the 
dischscrge  of  chips 
is  not  interrupted. 
In  Fig.  438  the 
plate  is  received 
into  a  longitudinal 
slot  in  the  auger- 
shaft,  and  one  end 
is  secured  by  a  tem- 
per-screw. A  pin, 
passed  through 
one  in  the  series  of  holes  in  the  shaft,  engages  a  hole 
in  the  oblique  series  in  the  plate,  and  determines 


Bunghoie  Reamer, 


Fig.  486. 


Fig.  486. 


Crocker'' s  Taper  Auger. 

the  radial  adjustment  and  conse- 
quently the  diameter  of  hole  bored  ^ 
by  it. 

The  shanks  and  turned  cutting- 
edges  of  the  expanding  bits  in 
Fig.  439  pass  through  a  mortise 
in  the  head  of  the  tool,  and  are 
secured  to  their  adjustment  by  a 
key.  Their  radial  adjustment 
adapts  them  to  bore  hole^  of  vary-  Cknmter-Borer. 
ing  sizes. 

In  Fig.  440  the  cutter  is  a(^'ustable  eccentrically, 
and  is  held  by -a  dovetailed  groove  and  tenon.     Tie 
cylindrical  core  is  solid,  and  the 
center  point  is  removable.     The  Kg.  487. 

spiral  has  a  shai'p  edge.  The  ad- 
justment of  the  cutter  on  its  ec- 
centric pivot  varies  its  radial 
sweep  in  coring,  and  it  is  thereby 
adapted  to  bore  a  hole  of  the  re- 
quired size,  within  the  limit  of  its 
capacity. 

Among  the  other  uses  of  au- 
gers may  be  mentioned  that  of 
felling   trees    in    the    Mammoth 
Grove,  Calaveras  County,  Califor- 
nia.     This  grove  is  in  a  gently 
sloping  vallev,  heavily  timbered, 
situated  on  the  divide  or  ridge  be- 
tween the  San  Antonio  branch  of 
the  Stanislaus  River,  in  latitude        Comuertink. 
38*  north  and  longitude  120"  10' 
west,  and  5,200  ^et  above  the   level  of  the  sea; 
here,  within  an  ar(»a  of  about  eighty  acres,  and  high 
above  the  surrounding  trees  of  the  forest,  can  be  seen 
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Expanding  Auger. 

the  stately  heads  of  these  evergreen  forest  giants, 
the  Sequoia  gigarUea.    These  trees  are  now  growing 
in    many    parts    of 
Kg.  489.  Great     Britain    and 

France,  from  Califor- 
nia cones  or  burs,  and 
no  native  trees  are 
equal  to  them  in  the 
rapidity  of  their 
—  growth. 

)  There  are  twenty  of 

these  trees  that  will 
average  25  feet  in 
diameter  at  the  base. 
One  of  the  largest  now 
Expttn$ibU  AMgtr.  standing  is  cidled  the 

**  Mother  of  the  For- 
est,'* and  has  been  stripped  of  its  bark  116  feet  high, 
and  still  measures  in  circumference  at  the  base  84 

Fig.  440. 


I 


BxpantibU  Anger. 


feet ;  20  feet  from  the  base,  69  feet ;  70  feet  from  the 
base,  48  feet  6  inches ;  116  feet  ri!om  the  base,  Sd 
feet  6  inches  ;  circumference  at  the  base,  including 
bark,  90  feet.  Itshight  is  310  feet,  and  it  is  supposed 
to  be  8,000  years  old ;  the  average  thickness  of  the 
bark  is  11  inches,  but  in  some  or  the  trees  it  is  as 
much  as  22^  inches. 

The  **Big  Tree,"  as  it  was  called,  contained 
500,000  feet  of  inch  lumber.  It  was  felled  by  five 
men  working  22^  days,  making  112^  days'  labor  to 
fell  one  tree.  This  tree  measured  92  feet  in  circum- 
ference at  the  base.  It  was  not  cut  down  vrith  axes, 
but  was  bored  down  with  long  pump-augers,  and 
the  wood  remaining  between  the  holes  was  cut  off 
vdth  chisels  on  the  end  of  long  sticks.  A  building, 
in  which  was  a  telegraph -office,  was  erected  on  the 
stump,  which  served  as  a  floor,  having  been  hewn 
off  smooth.  A  bowling-alley  was  also  built  on  the 
remainder  of  the  tree,  after  a  lan^e  part  of  it  had 
been  worked  up  into  canes  and  sold. 

The  body  of  the  '*  Father  of  the  Forest"  which 
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lies  half  buried  in  the  earth,  measures  110  feet  in 
circumference  at  the  base,  and  200  feet  in  length  to 
the  first  branch,  and,  bdpg  hollow,  a  person  can 
walk  that' length  erect.  The  estimated  hight  of 
this  tree  when  standing  is  400  feet.  The  **  Burned 
Tree,"  prostrate  also,  is  hollow  60  feet,  and  jtersons 
can  ride  on  horseback  through  it  for  that  distance  ; 
it  is  97  feet  in  circumfei-ence,  and  was  880  feet  high. 
There  are  several  other  trees  of  immense  size,  and 
variously  named. 

Au'ger-bit.  A  boring-bit  with  a  twisted  shank, 
which  clears  the  chips  out  of  the  hole. 

An  auger  of  a  size  adapted  to  be  set  in  a  brace  or 
stock,  to  be  revolved  thereby. 

Au'ger,  Barth-bor'ing.    A  tool  for  boring  holes 
in  earth  which  is  not  too  compact.     There  are  quite  a 
number  of  these,  varying  in  de- 
tail, but  possessing  the  same  gen-  ^te-  441 
eral  characteristics.   The  ordinary  ^ 
kind  (Fig.  441)  has  a  nearly  cir- 
cular disk,  with  a  lip  projecting 
downward,  to  scrape  up  the  earth 
which    accumulates    above    the 
blade  as  the    latter  is  rotated. 
The  blade  is  occasionally  raised  to 
the  surface  to  dump  its  load. 

This  raising  to  dump  the  load 
is  a  general  characteristic  of  post- 
hole  augers,  and  renders  the  oper- 
ation somewhat  tedious.  The  de- 
lay has  induced  arrangements  for 
enabling  the  tool  to  hold  a  lai^  Post-Hole  Auger. 
amount  of  earth,  and  attempts  to 
make  its  discharge  continuous. 

In  Fig.  442  the  shaft  has  a  point,  cutting-lips, 
and  a  floor  on  which  the  earth  is  i*eceived.  It  is 
forced  into  the  ground  by  the  screw  on  the  shank, 
which  rotates  in  a  nut  at  the  junction  of  the  legs  of 

Tig.  442. 
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Earth-boring  Attger, 

the  tripod,  which  is  raised  above  the  spot  where  the 
auger  enters.  The  end  of  the  screw-snaft  is  keyed 
to  a  stirrup,  in  which  it  turns.  Above  the  stirrup 
is  a  coupling-piece,  having  inclined  projections  fitting 
in  corresponding  recesses  in  the  upper  part  of  the 
stirrup  in  such  a  manner  that  the  shaft  is  made  to 
operate  the  screw  when  boring  a  hole  in  the  ground, 
and  a  reverse  motion  of  the  shaft  will  raise  the 
screw  out  of  the  ground  without  turning  it. 

In  Fig.  448  the  shaft  has  a  screw  point  and 
angular  wings,  above  which  is  the  floor  of  the  dirt- 
chamber.  The  soil  is  scooped  up  by  the  usual 
flange,  and  is  elevated  in  the  X;hamber  by  the  spiral. 
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FJg.  448.     which  is  braced  by  the  axial  rod.     The 
cylindrical  case  is  the  measure  of  its  ca- 

Ipacity  in  withdrawing  a  load. 
Other  inventions  might  be  cited,  but 
the  above  represent  all  the  varieties  ex- 
cepting minor  differences. 

All  these  are  worked  by  hand,  and  re- 
move the  soil  by  lifting  the  tool  at  in- 
tervals from  the  hole  and  discharging 
it.  This  may  be  considered  the  nonna! 
character  of  a  post-hole  au^r. 

There  are  numerous  devices  for  pen- 
etrating the  ground  where  the  appa- 
ratus acts  to  disintegrate  the  matter 
■  with  which  it .  comes  in  contact :  these 
are  called  DiiiLts,  Driven  Well- 
Tubes,  Well-Borek8,  etc.,  and  may 
be  found  described  under  other  heads. 

The  first  is  either  jarred  or  rotated 
to  grind  its  way  through  soil  and  rock, 
andis  associated ^^-ith  devices  for  lifting 
the  detritus  by  sand-pump,  by  a  stream 
of  water,  or  by  the  upward  force  de- 
rived from  the  concussion  of  the  drill 
with  the  rock. 

I      The  second  consists  of  a  tube  which 
is  driven  or  screwed  into  the  earth,  and 
is  generally  intended  to  remain  as  the 
permanent  nump-tube  ;  for  this  purpose 
it  has  a  solid  point,  to  withstand  the 
contact  of  the  obstacles  which  it  is  ex- 
pected to  pierce  or  displace,  and  holes 
which  are  unclosed  to  admit  the  water 
after  the  wet  stratum  is  reached ;  these 
will  be  explained  under  their  appropri- 
ate heading. 
M  Mah    '        ^^^^  third  are  devices  of  a  more  ex- 
EarthrboHng  tensive  character  than  mere  hole-diggers. 
Auger.       and  are  used  in  sinking  Artesian  v^clls, 
oil   and  salt  wells,  and   in  boring  for 
mineral  lodes. 

Au'ger-fau'cet  A  faucet  with  an  attached  auger, 
by  which  the  necessary  hole  is  made  in  the  head  of  the 
cask.    As  soon  as  the  auger  has  about  penetrated  the 

Fig.  444. 
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stave,  a  blow  is  given  to  the  auger,  which  breaks  away 
the  scale  of  wood,  and  the  same  blow  settles  the  auger 
into  its  position.  The  bit  is  attached  to  the  faucet, 
and  is  projected  or  retracted  by  a  rack  on  its  shank 
within  the  faucet,  actuated  by  a  thumb-screw.  A 
frustal  projection  on  the  cap  affords  means  for  oper- 
ating the  device  by  a  brace. 
Au'ger-^gage.  A  device  to  be  attached  to  the 
shank  of  an  auger  to  limit  the 
Fig.  445.  penetration.      The  countersinks 

of  some  of  the  compound  augers 
and  the  sockets  of  the  hollow  au- 
I  gers  effect  the  same  purpose  in 
some  cases. 

The  example  (Fig.  445)  has  a 


Auger-Oage,  .  _ 

pair  of  bars,  secured  by  temper- 
screws  to  the  spiral  shank,  so  as  to  form  a  gage  of 
depth. 


Another  form  has  a  tel-  Fig.  446. 

escopic  tube  attached  to 
the  shank,  larger  in  diam- 
eter than  the  worm,  and 
adjusted  as  to  length  by 
means  of  two  temper- 
screws  whose  ends  bear  , 
against  the  spiral  shank.     | 

Fig.  446  is  for  making  < 
tenons  of  a  given  length 
on  the  ends  of  spokes,  j, 
etc.,  and  is  adapted  for 
hollow  augers.  The  rear 
of  the  stock  has  a  thread 
traversed  by  an  adjust- 
able screw,  which,  by  con- 
tact with  the  end  of  the 
stick,  determines  the 
depth  of  the  hole  and 
consequently  the  length 
of  tenon  to  be  cut.  A 
jam-nut  secures  the  ad- 
justment. 

Au'ger-han'dle.  The  Qagefor  HoUmo  A^er. 
tang  of  the  auger  is  in- 
serted perpendicularly  into  its  handle,  and  the  end  is 
usually  clinched  or  riveted  on  to  a  washer.  Means 
have  been  contrived  for  making  the  auger  removable 
from  its  handle,  so  as  to  make  one  of  the  latter 
answer  for  vaiying  sizes  of  augers,  and  to  dislocate 
theparts  for  convenience  of  stowage. 

The  devices  for  this  purpose  consist  respectively  of 
a  slotted  sleeve,  a  notcned  key,  a  nut  on  the 
screw-shank,  gripping  jaws,  a  spring  cateh. 

Pliny  (died  a.  d.  79)  recommends  for  auger- 
handles  the  wood  of  the  wild  olive,  box,  oak,  dm, 
and  ash.     He  says  nothing  about  the  augers. 

Au'ger-maklng  Ma- chined  Augers  are  made 
by  different  processes.  They  are  cast ;  swaged  be- 
tween dies  ;  twisted  as  they  pass  through  dies  or  by 
the  successive  motions  of  the  parts  of  sectional  dies  ; 
or  they  are  grasped  by  tongs  and  twisted  by  the  hands 
of  a  skilled  workman,  and  afterwards  finished  be- 
tween dies. 

One  maker  casts  the  screw-auger  in  a  two-part 
fiask,  the  pattern  of  the  central  shaft  and  the  seg- 
mental spirals  being  so  divided  as  to  permit  them  to 
be  drawn  from  the  sand  piecemeal. 

Many  of  the  inventions  in  this  line  refer  to  dies 
of  peculiar  form,  and  succes.sions  of  dies  of  such 
form  as  to  cause  the  blank  to  gradually  assume  the 
shape  required.  One  has  a  pair  of  swaging  dies,  by 
which  the  twist  is  formed  either  by  a  succession  of 
blows  or  by  drawing  through.  The  lips  are  made 
between  dies  of  the  required  form,  or  are  bent  down 
by  an  operation  subsequent  to  the  formation  of  the 
spiral  shank. 

Fig.  447  is  a  machine  for  turning  the  lips  of 
augers.  The  spiral  shank  is  clamped  between  the 
jaws  with  the  lips  projecting  toward  the  wrench. 
The  latter  being  advanced,  the  hub  in  its  center 
embraces  the  center  point  and  the  lips  of  the  auger. 
The  workman  then  seizes  one  of  the  handles  of  the 
wrench -wheel  and  turns  it  towards  himself,  and 
while  the  auger  is  held  straight  by  the  engagement 
of  its  center  point  in  the  axis  of  the  hub,  the  wrench 
bends  the  lips  into  the  required  position,  the  lips 
being  turned  simultaneously  and  their  shoulders 
being  left  in  the  same  line.  Fig.  1  is  a  side  eleva- 
tion ;  Fig.  2  a  horizontal  section  ;  Fig.  3  is  a  face 
view  of  the  wrench,  and  Fig.  4  is  %  view  of  the 
blank  before  the  lips  are  turned. 

In  another  machine  the  revolving  and  longitu- 
dinally moving  shaft  has  a  transverse  slot  in  its  end. 
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AUGER,   SQUARE-HOLE. 


means  of  the  cams  on  the  shafts  E,     The  first  pair 
of  jaws  seize  the  auger,  and,  being  the  exact  nega- 


Auger-Maekint. 


in  which  the  flat  portion  of  the  blank  A  (Fig.  449) 
is  inserted,  the  shank  being  held  by  a  pair  of  tongs. 

Fig.  448. 


Maekitu/or  mmkimg  Augen. 

A  series  of  dies,  D  (Fig.  448),  arranged  to  clasp  and 
hold  the  anger  as  fast  as  it  is  twisted,  completes  the 
process  in  one  operation.  The  screw  0  on  the  shaft 
B  gives  an  intermittent  longitudinal  movement  to 
advance  the  blank,  which  is  twisted  by  the  contin- 
uous rotary  movement.  A  (Fig.  449)  represent*  the 
blank,  which  is  forged  or  swaged  in  a  drop,  and  has 
a  longitudinal  rib  or  feather  running  along  its  center 
to  insure  the  requisite  stiffness  and  stren^h. 

The  shaft  B  (Fig.  448)  is  provided  with  a  cylin- 
der Cy  having  a  screw,  or  spiral  groove,  cut  upon 
its  surface,  with  a  gaining  twist.  A  pin  securea  to 
the  frame  under  the  cam  works  in  the  grooves, 
serving  as  a  nut.  The  shaft,  being  rotated  by  the 
crank  or  a  pulley,  is  drawn  back  as  it  turns  by 
means  of  the  screw-cam.  When  half  a  turn  is  made, 
the  first  of  the  jaws  D  D  zit  forced  together  by 
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'  Auger-tKisting  Dies  a$ui  BUtnk. 

tive  of  its  twist,  hold  it  firmly  and  prevent  further 
twisting.  The  next  pair  come  to  their  work  on  the 
next  half-turn,  and  so  on  until  all  the  jaws  have 
performed  their  oflSce,  when  springs  under  the  jaws' 
force  them  simultaneously  apart  as  the  cams  rotate 
TOwt  their  centers.  It  will  be  seen,  by  reference  to 
Fig.  449,  that  the  faces  of  the  laws  are  dies,  exactly 
corresponding  to  the  twist  of  the  auger. 

Au'ger,  Square-hole.  An  auger  to  cut  square 
holes  was  described  in  the  Journal  of  the  Franklin 
Institute,  Philadelphia,  1826,  as  the  invention  of 
Mr.  A.  Branch,  of  New  York.  It  consisted  of  a 
twisted  auger  operating  in  a  sauare  socket  which 
had  a  sharp  lower  edge,  and  wnich  cut  away  the 
margin  of  tne  square  hole  as  the  auger  itself  bored 
a  round  hole  in  advance. 

Hancock's  Sqiuire-hole  Borer  (English)  was  in 
operation  about  the  same  time  in  London,  and 
operated  in  a 
substantially 
similar  manner, 
a  is  a  strong 
frame,  fastened 
by  screws  h  to 
the  bench  c  ;  d 
is  an  octagonal 
socket  tapped  to 
receive  tne  ver- 
tical screw  e ;  to 
this  screw  is  at- 
tached, by  a  cir- 
cular tenon  and 
mortise,  the 
square  perforat- 
ing instrument 
/,  which  slides 
up  and  down 
through  a  rec- 
tangular hole  in 
a  brass  guide  g 
when  the  screw 
e  is  turned  by 
the  cross-handle 
at  top.  The 
square  incision 
is  made  by  di- 
rect pressure 
downward,  at 
the  same  time 


Haneock^s  Sjuare-AoU  Auger* 


that  the  center-bit  m  cuts  out  a 

round  hole,  the  chips  rising  up  and  passing  oat  at 
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the  two  open  sides  of  the  square  cutter.  A  is  a 
piece  of  wood  being  bored. 

The  detached  auger  is  shown  on  a  larger  scale  ; 
the  tenon  i  is  inserted  in  a  cavity  in  the  screw  e,  and 
made  fast  by  a  cross-pin  which  goes  through  both. 
This  arrangement  allows  a  ready  substitution  of 
angers  of  diflferent  sizes.  The  lower  extremity  of 
the  revolving  portion  holds  the  center-bit  m,  which, 
owing  to  the  collar  n,  cannot  ascend  or  descend 
without  the  square  cutter  which  cuts  out  the  angles 
beyond  the  range  of  the  circular  borer. 

The  square-cutting  tool  is  a  bar  of  steel  with  a 
round  hole  drilled  out  of  the  solid,  and  the  edges  are 
formed  by  filing  and  grinding  them  to  the  bevels, 
shown  in  th^  enlarged  figure. 

Merritt's  Machine/or  boring  Angular  Holes,  May 
24,  1864.  The  holes  are  bored  by  rotary  cutters ; 
fixed,  and  reciprocating  in  a  plane  at  right  angles 
to  the  axis  of  the  hole.  The  relatively  fixed  au^r 
makes  a  round  hole,  as  usual ;  certain  cutters  which 
partake  of  the  circular  motion  have  also  a  recipro- 
cation towards  and  from  their  axis  of  rotation,  being 
projected  outward  and  again  retracted  four  times  in 
a  rotation,  to  cut  out  the  angles  left  by  the  i*ound 
auger,  thus  making  a  square  hole.  See  Bori  no- 
machine. 

Au'ger-twist'er.  A  machine  for  giving  the 
twist  to  blanks  for  screw-augers.     There  are  many 

Fig.  461. 


a  corresponding  extent,  and  the  action  is  iuqiarted 
to  each  disk  in  consecutive  order,  bringing  the  flat 
blank  into  a  regular  spiral.  The  opening  of  the 
disk -sections  releases  the  auger. 

Au-gef ;  Au-gette'.  (Mining.)  A  priming-tube 
connecting  the  charge-chamber  with  the  gallery,  or 
place  where  the  slow-match  is  applied. 

Au'ral  In%tra-ment8.  See  Acoustic  Instru- 
ments. 

Au'ri-ole.    An  artificial  external  ear,  made  of 

futta-percha,  bleached  and  colored.  Retained  by 
and  or  clasp. 

Auricles  consist  of  two  trumpets  shaped  like  ram's 
horns,  and  connected  bv  an  adjustable  spring  pass- 
ing over  the  crown  of  the  head.  They  are  flattened 
on  one  side  in  order  to  fit  closer.  The  mouth- 
piece, being  above  the  ear,  is  pointed  forward ;  the 
neck,  passing  back  and  downwards  close  to  the  ear, 
tapering  towards  the  ear-piece,  which  is  made  of  soft 
rubber  or  ivory.  They  are  easily  concealed,  espe- 
cially by  ladies,  who  can  dress  their  hair  over 
them. 

The  interior  ear  is  furnished  with  the  means  of 
dealing  with  the  three  characteristics  of  sound  :  its 
typanum,  for  intensity ;  its  cochlea,  for  pitch  ;  its 
semicircular  canals,  for  quality. 

Au-rio'u-lar  Tube.    A  speaking-tube ;    either 

portable  for  the  use  of  deaf  persons,  or  between 

stories,  apartments,  or  parts  of  an 

apartment,  for  the  conveyance  of 


Auger-  Tipisier, 

forms  of  machines  for  this  purpose ;  in  one  tlie  blank 
is  pressed  between  rolls  upon  a  slide-rest,  whi6h  are 
drawn  together  by  a  hand-screw.  The  blank  is 
twisted  simultaneously  with  the  action  of  the 
rollers  g  g. 

The  twist  is  regulated  by  the  rate  of  longitudinal 
motion  of  the  rest  E  upon  the  ways  of  the  lathe, 
relativelv  to  the  rate  of  revolution  of  the  front  cen- 
ter a,  which  carries  the  blank.  The  degree  of  prox- 
imity of  the  rollers  g  g  ia  determined  by  the  right 
and  left  screw  J,  which  gives  an  ad^i'ustment  of  the 
carriers  G  on  the  rest  E.  The  screw  J  is  operated 
by  the  hand-crank  shown  in  the  plan-view. 

In  another  form  the  auger- die  consists  of  a  series 

of  pairs  of  circular  metallic  plates,  superimix>sed  on 

each  other,   each   plate 

ng.462.  having  a  peculiarly 

rT-nT7„„  ...."rTP..  ^^*^P^^  mortise  through 

IlirK^lli —  illl.hrPvD  the  center,  and  provided 

also  with  projecting  and 
overlapping  studs  upon 
its  peripher)'.  When 
these  plates  are  arranged 
so  that  all  the  mortises 
are  in  line,  they  admit 
the  flat  bar  of  heated 
metal,  which  forms  the 
auger-blank.  The  up- 
per plate  is  then  re- 
volved, and  after  a  cer- 
tain extent  of  motion  its 
stud  engages  the  one  be- 
Au§er  Dit.  low  it,  which  is  moved  to 


Au'ri-lave.    An  ear-brush« 
Au'ri-BOfidp.    An  instrument 
for  operating  njwn  or  cleaning  the 
meatus  auditorius. 

Au'ri-soope.  (Surgical,)  An 
instrument  for  ascertaining  the 
condition  of  the  Eustachian  pas- 
sage. 

Au'ram  fol'mi-nans.    Ful- 
minate of  gold.     A  powder  of  gold 
and  aqua  regia.     So  called  from  the  report  it  makes 
when  exploaed  by  percussion  or  attrition. 

Au'mzn  mu-ai'vum.  Sulphuret  of  tin,  used 
as  a  bronze  powder. 

Aus-cul-ta'tion  In%tm-ment  An  instrument 
for  the  purpose  of  distinguishing  diseases  of  the  viscera 
by  observation  of  sounds  in  the  part  affected.  It  is 
particularly  applied  to  the  thorax.  See  Stetho- 
scope ;  Plexi meter,  etc. 

Au'tho-type.  A  type  or  block  containing  a 
fac-simile  of  an  autograph.  Such  are  or  were  used 
for  franking  official  envelopes,  signatures  to  routine 
correspondence,  and  as  lal^ls  to  prevent  fraudulent 
imitations  of  the  contents  of  the  package. 

Au-to-ohro'no-graph.  An  instrument  for  the 
instantaneous  self-recording  or  printing  of  time. 

Au'to-olava  A  French  stewpan,  with  a  lid 
^und  on,  steam  tight.  The  lid  is  clamped  down  on 
Its  seat  by  twisting  it  round  under  ears  on  the  side, 
or  by  means  of  a  bail  and  screw,  a  gasket  of  linen 
being  used.  It  is  a  form  of  Dr.  Papin's  digester, 
and  should  have  a  safety-valve.     See  Digester. 

Aa-to-dy-nam'io  El'e-va-tor.  One  in  which 
the  weight  of  a  falling  column  of  water  is  made  to 
elevate  a  smaller  column  to  a  hight  above  the 
source ;  and  in  which  the  changes  of  the  valves 
are  automatically  produced. 

Such  are  water-rams,  the  fountain  of  Hero,  etc. 
See  Water-elevator. 

Au-to-ge'ne-oiui  Sol'der-ing.  The  Junction 
by  fusion  of  the  joining  edges  of  metals,  witliont 
the  intervention  of  solder.  The  edges,  being  brought 
together  and  brightened,  are  heM  under  a  jet  of 
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burning  gas  urged  by  a  blow-pipe,  which  melts  the 
edges  so  that  they  run  together. 

Au-to-graphac  Ink.  Ink  suitable  for  transfer- 
ring to  stone,  writings  or  drawings  executed  in  it 
upon  prepared  paper.     Ti-ansferring  ink. 

Dry  soap 100 

White  wax 100 

Mutton  suet 30 

Shellac 60 

Mastic 60 

Lampblack 30 

melted,  and  worked  into  an  ink. 

Au-to-graphlo  Pa'per.  Paper  prepared  to  re- 
ceive a  drawing  or  writing  in  a  suitable  mk,  and  to 
part  with  the  same  to  the  surface  of  the  lithographic 
stone  or  zinc  plate,  in  the  process  of  transternng. 
The  paper  is  covered  with  size,  which  resists  the 
penetration  of  the  ink  into  the  paper.  The  drawing 
or  writing  is  executed  on  the  sized  surface,  so  that 
when  the  paper  is  damped  it  may  become  detached 
from  the  ink,  instead  of  carrying  some  of  the  ink 
away  with  it,  as  it  would  do  if  the  ink  were  allowed 
to  be  partially  absorbed  by  the  paper.  The  size  is 
made  of 

Starch 120 

Gum-arabic 40 

Alum 21 

This  is  spread  on  the  paper,  which  is  then  dried  and 
pressed. 

Or,  for  transfer  of  writing  to  stone,  lay  on  the 

Siper  three  successive  coats  of  calves' -foot  jelly,  one 
yer  of  white  starch,  one  layer  of  gamboge.  Allow 
each  to  dry  before  applying  the  next.  Smooth  by 
passing  through  the  lithographic  press.  Write  on 
the  gamboge  surface.  In  transferring,  damp  the  pa- 
per, place  the  ink-surface  on  the  stone,  and  run  it 
through  the  press.  The  ink  leaves  the  gamboge 
surface  and  adheres  to  the  stone. 

A  very  fair  transfer  may  be  obtained  from  a  good 
quality  of  writing  paper. 

Au-to-giaphlc  PresB.  A  portable  printing- 
press  for  taking  impressions  of  autograph  signatures 
from  a  lithographic  stone,  or  form  of  type. 

Aa-to-graphlo  Tel'e-graph.  Invented  by  the 
Abbe  Caselli.  An  instioiment  for  transmitting  auto- 
graphic communications,  accomplished  by  the  aid 
of  two  pendulums  having  a  movement  absolutely 
synchronous.  One  of  the  pendulums  carries  a  pen 
or  pencil  of  fine  platinum  wire,  in  connection  with 
the  line  and  the  line  battery,  over  the  surface  of 
the  dispatch  previously  written  in  insulating  ink 
upon  a  metallic  paper.  The  other  pendulum,  at  the 
corresponding  station,  carries  an  iron  pencil,  like- 
wise in  connection  with  the  line,  over  a  paper  pre- 
pared with  a  solution  of  the  yellow  cyanide  of  potas- 
sium. The  electric  circuits  are  so  disposed,  that 
when  the  platinum  point  in  its  passage  over  the 
original  writing  touches  the  metallic  simace  of  the 
pai>er,  there  is  no  emissiou  of  current  along  the 
line ;  while,  on  the  other  hand,  when  the  point 
touches  the  insulating  ink,  an  emission  of  current 
takes  place,  and' the  iron  point  passing  at  the  other 
end  of  the  line  over  the  prepared  paper  leaves  on  it 
a  blue  mark.  The  movement  of  the  two  pendulums 
being  precisely  equal,  the  reproduction  of  the  dis- 
patch is  absolutely  exact. 

The  same  apparatus  has  been  made  to  transmit  por- 
traits executed  in  insulating  ink  upon  metallic  paper. 

Au-to-matlo  Fire.  The  automatic  fire  or  ex- 
plosive mixture  of  the  Greeks  was  made  from  equal 
parts  of  sulphur,  saltpeter,  and  sulphide  of  antimony, 
nnely  pulverized  and  mixed  into  a  paste,  with  equal 


l)arts  of  the  juice  of  black  sycamore  and  liouid 
asphaltura,  a  little  quick-lime  being  added.  The 
i-ays  of  the  sun  would  set  it  on  tire.  —  Draper. 

Au-to-matlo  Lamp.  A  lamp  used  by  dentists 
in  the  operation  of  vulcanizing.  When  properly 
adjusted,  the  flow  of  gas  or  alcohol  is  arrested  by  a 
spring  cut-oif,  I'eleased  by  the  breaking  of  a  fusible 
alloy,  and  extinguishing  the  flame  when  the  heat 
reaches  a  point  slightly  above  that  required  to  fin- 
ish the  process  of  vulcanizing. 

Au-'to-mat'ic  Mallet  A  tool  used  by  dentists 
in  plugging  teeth.  There  are  several  forms,  but 
they  agree  in  the  delivery  of  a  blow  by  pressure  of 
the  tool  on  the  filling  of  the  tooth  cavity.  See 
Dental  Hammer. 

Au-to-mat'io  Vcdve.  A  valve  operated  by  the 
fluid  in  progress,  in  contijidistinction  to  one  operated 
by  the  positive  action  of  a  part  of  the  machinery. 

Au-tom'a-ton.  A  machine  whose  motive-  • 
power  is  concealed  within  itself,  or,  as  the  term  is 
more  generally  .understood,  a  machine  which  im- 
itates the  actions  of  men  or  animals,  and,  being 
moved  by  clock-work  or  other  similar  instrumental- 
ity, appears  to  perform  certain  acts  by  its  own 
volition.  Among  the  most  remarkable  of  antiquity 
were  the  automatons  of  Hero  of  Alexandria,  who 
flourished  about  217  b.  c.  They  were  made  to  move,  ' 
as  if  alive,  by  machinery  under  the  floor,  and  to 
utter  sounds  by  the  action  of  air  driven  by  water 
through  small  pipes,  or  by  means  of  air  rarefied 
by  heat.  His  works  are  extant  in  Greek,  and  have 
been  frequently  translated.  They  contain  many 
curious  anticipations  of  modem  devices,  as  well  as 
many  curious  tricks  and  effects  no  doubt  intended 
as  a  part  of  the  machinery  of  the  priests  to  amuse 
the  speculative  and  astound  the  ignorant.  Archy- 
tis's  nying  dove  was  made  about  400  b.  c.  Friar 
Bacon's  speaking  head,  1264  a.  d.  An  automatic 
coach,  horses  and  passengers,  was  made  by  Camus 
for  Louis  Xiy.  when  a  cmld.  Yaucanson  made  an 
artificial  duck  which  quacked,  ate,  and  drank ;  its 
food  undergoing  a  change  simulating  digestion. 
Yaucanson  also  constructed  a  flute-player,  1788. 
The  writing  automaton  was  a  pantograph,  decep- 
tively worked  by  a  confederate,  1769.  The  autom- 
aton chess-player  was  also  a  deception,  1769. 
Maelzel  made  a  trumpeter  in  1809.  An  automaton 
speaking  several  sentences  was  exhibited  in  London 
about  1810.     See  Brewster's  **  Natural  Magic." 

The  speaking  machine  invented  by  a  Viennese, 
exhibited  in  Europe  many  years  since,  and  lately  in 
this  country,  is  not  an  automaton,  but  is  played  by 
keys.  The  thorax  is  a  bellows,  and  the  sounds  are 
made  by  the  passage  of  air  past  reeds  which  simu- 
late the  larynx,  and  modulated  by  artificial  tongue, 
palate,  teeth,  and  lips. 

The  drawinc  automaton  constructed  by  M.  Droz, 
of  the  Chaux  de  Fronds,  was  a  figure  of  a  man  the 
size  of  life,  operated  by  clock-work  and  springs,  and 
capable  of  executing  six  different  drawings.  It 
used  a  metallic  style,  and  drew  on  vellum.  The 
transitions  from  one  point  to  another  were  done  by 
lifting  the  style,  without  slurring.  It  is  fully 
described  in  Dr.  Hutton's  Mathematical  Dictionary. 

M.  MalUardefs  writing  automaton  executed  four 
pieces  of  writing  in  French  and  English.  It  was 
the  figure  of  a  boy  resting  upon  one  knee  and  draw- 
ing with  a  pen  upon  paper  laid  on  a  brass  tablet. 
The  writing  consisted  in  each  case  of  seveitd  lines, 
and,  after  finishing  each  line,  the  figure  returned  to 
the  bc^nning  of  the  Une  to  dot  and  cross  the  let- 
ters. The  hand  has  two  horizontal  and  one  vertical 
motion ;  the  down  strokes  of  the  pen  were  made 
relatively  thicker  by  an  increase  of  pressure. 
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The  annexed  engraving  is  a  fac-simile  of  a  drawing 
executed  by  the  automaton  of  M.  Droz. 

Fig.  468. 


Oipid. 

Au-tom'a-ton  Bcd'anoa  A  machine  for  weigh- 
ing planchet  or  coin,  automatically  sorting  the 
pieces  into/?*//  and  light  weight,  respectively.  See 
Coin-weighing  Machine. 

Au-tom'e-ter.  An  instrument  to  measure  the 
quantity  of  moisture. 

Au'to-phon.  A  barrel-organ,  the  tunes  of  which 
are  produced  by  means  of  perforated  sheets  of  mill- 
board. 

Au'to-phyte  Rib'bon.  A  Swiss  ribbon  printed 
by  zinc  plates  which  have  been  produced  oy  the 
photozinco  process  from  a  real  lace  original. 

Au'to-typ^  A  phototypic  process.  The  gel- 
atine is  whipped  into  a  froth  witti  warm  water  and 
sugar,  skimmed,  cooled,  cut  into  blocks,  and  mixed 
4nth  the  pigments.  To  this  creamy  /luid  the  sen- 
sitizing agent,  bichromate  of  potash,  is  added,  and 
the  liquid  is  conveyed  to  a  trough  in  a  room  with 
orange-colored  curtains,  where  a  traveling  sheet  of 
paper  is  covered  on  one  side  with  the  compound. 
The  tissue  with  its  coat  of  sensitive  varnish  is  then 
dried,  and  a  piece  of  the  re<|uired  size  is  exposed  to 
the  sun's  rays  in  connection  with  a  collodion  nega- 
tive obtained  in  the  ordinary  manner.  The  required 
time  having  elapsed,  the  tissue  is  taken  out  of  the 
case  and  plunged  into  cold  water  with  its  face 
downwards  on  a  plate  of  glass,  metal,  or  another 
paper,  coated  witn  a  light  solution  of  gelatine  and 
chrome  alum.  The  surfaces  having  united,  the 
whole  is  plunged  in  a  bath  of  hot  water,  when  the 
parts  of  the  composition  not  hardened  by  the  action 
of  the  light  are  dissolved,  and  the  paper  slips  off, 
the  tougher  parts  remaining  attached  to  the  plate, 
and  successive  rinsings  remove  the  cloud  of  colored 
gelatine  until  the  picture  is  free.  This  is  the  Swan 
process  of  Carbon  jYirUing  (which  see). 

The  next  step  is  to  prepare  the  ** plate"  for  the 
printing-press.  This  consists  of  a  mc^e  of  mount- 
ing the  carbon-print  upon  a  substratum  of  similar 
material  backed  by  a  glass  or  metallic  plate,  so  that 
the  picture  may  be  used  as  a  printing  surface.  A 
mixture  of  gelatine,  albumen,  and  bichromate  of 
potash  is  mixed  and  filtered.  A  sheet  of  j)late-gla8s, 
about  half  an  inch  thick,  is  then  leveled  m  a  drying- 
box,  wanned  up  to  a  temperature  of  100'  Fahrenheit, 
and  coated  with  the  preparation.  In  about  two 
hours  the  first  coating  is  ary.  The  second  coating 
consists  of  gelatine,  albumen,  and  bichromates,  with 
the  addition  of  a  small  quantity  of  an  alcoholic  so- 
lution of  resinous  gums  ;  to  this  is  added  a  aaup^on 


of  nitrate  of  silver  with  a  few  drops  of  a  solution  con- 
taining an  alkaline  iodide.  After  washing  out  the 
excess  of  bichromate  from  the  first  coating,  tne  second 
preparation  is  applied  to  the  plate,  which  is  a^ain 
subjected  to  a  high  temperature  in  the  dryin^f-box, 
and  becomes  thoroughly  dry  and  ready  for  use  in  two 
or  three  hours.  The  tough  **  negative"  film  is  then 
laid  down  upon  the  plate-glass  of  the  pressure-frame, 
and  the  plate,  now  completely  coated  with^t  sensi- 
tive surface,  is  laid  upon  it.  The  whole  is  exposed 
to  the  sunlight,  and  the  progress  of  the  printing  can 
be  easily  ascertained  by  looking  througn  the  plate 
from  the  back.  After  exposure,  the  plates  are  well 
washed  in  cold  water,  rinsed  thoroughly,  and 
allowed  to  dry  ;  they  are  then  ready  for  the  press. 
Subsequent  operations  depend  upon  two  simple 
truths  :  first,  that  the  gelatinous  film  will  absorb 
WAt^T ;  and,  secondly,  that  any  greasy  mixture 
of  the  nature  of  printer's  ink,  or  any  pigment 
prepaqpd  in  like  fashion,  abhors  the  contact  of 
water,  and  absolutely  refuses  to  adhere  to  those 
portions  of  the  plate  which  have  absorbed  that  fluid. 
The  success  of  the  operation  does  not  depend  upon 
the  relief  of  the  plate,  but  on  the  faculty  of  gela- 
tine for  absorbing  water,  and  then,  as  a  matter  of 
course,  resisting  tne  imposition  of  a  fatty  ink.  See 
Heliotype. 

Au'to-ty-pog'ra-phy.  Invented  by  George 
Wallis,  London. 

By  this  method  drawings  are  so  executed  that  they 
can  afterwards  be  impressed  into  soft-metal  plates. 
The  drawings  are  executed  preferably  on  gelatine 
with  a  peculiar  material  which  is  salient  and  makes 
a  simken  impression  in  the  plate  against  which  it  is 
driven  by  passing  between  a  pair  of  rollers. 

The  resulting  plate  is  printed  from  as  an 
ordinary  copperplate.  See  also  Molding  from 
Perishable  Objects  ;  Nature-printing. 

Anx-illa-TT  or  Feed'ing  En'gina  Is  fitted 
to  supply  tubular  boilers  with  feed-water  when  the 
lai^  engines  are  not  working  and  the  ordinary  feed- 
pumps are  therefore  inactive. 

Anx-illa-ry  Screw.  A  screw  in  a  fully 
masted  vessel ;  used  in  calms,  working  to  wind- 
ward, or  in  emergencies.  It  is  so  rigged  as  to  be  un- 
shipped when  not  in  use. 

A-vant'-fOBse.  {Fortification.)  A  ditch  at  the 
foot  of  the  glacis. 

A've-ler.  A  machine  for  ridding  the  grains  of 
barley  of  their  aims  or  avels,  A  Hummeli  no- 
machine,  which  see. 

A-ven'tu-rinei  A  fancy  glass  of  a  brownish 
color  with  gold -color  spots,  produced  by  small 
fragments  of  copper  and  iron  in  the  mass. 

A-ven'tu-rine  Qlaas.  This  ornamental  glass  is 
used  for  weights  and  ware,  the  filing  of  metal 
giving  a  spangled  appearance  ;  in  imitation  of  a  re- 
splendent variety  of  reldspar,  whose  color  arises  from 
imbedded  minute  lamellar  crystals  of  oxide  of  iron. 

It  is  prepared  by  fusing  together  for  12  hours  a 
mixture  of  800  parts  pounded  glass,  40  parts  of 
copper  scales,  80  parts  iron  scales,  and  cooling  the 
mixture  slowly. 

A-ver-tm'oa-tor.  A  long  name  for  a  pruning- 
shears  with  a  long  handle,  to  which  the  fixed  blade 
is  attached ;  the  movable  blade  is  operated  by  a 
cord  and  reopened  by  a  spring.  It  makes  a  draw- 
cut.    See  Pbuning-shears. 

A.'wl.  A  pointed,  piercing  instrument  in  com- 
mon use  and  of  great  antiquity.  It  is  evidently 
older  than  the  needle,  which  has  not  yet  superseded 
its  use,  though  it  has  supplanted  it  in  ordinary  sew- 
ing. The  hides  which  covered  the  osier  framework 
of  the  coracle  of  the  ancient  Briton,  and  the  birch 
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bark  which  covers  the  canoe  frame  of  the  Chippewa 
Indian,  were  and  are  sewn  into  place  by  means  of 
an  awl,  which  opens  the  way  for  the  thong  or  deer- 
sinews.  The  awl  is  referred  to  in  Exodus  xxi.  6, 
and  Deuteronomy  xv.  17,  where  a  Hebrew  servant 
who  refused  to  leave  his  master  when  his  sixth  year 
of  bondage  was  completed,  was  brought  to  the  door- 
post and  his  ear  boi-ed  through  with  an  awl,  after 
which  he  became  a  slave  for  life.  The  Egyptian 
awl  of  the  time  of  Thothmes  III.,  contemporary 
with  Moses,  is  shown  in  a  Theban  tomb.  The 
pointed  Instrument  was  placed  in  a  nearly  spherical 
handle,  to  lit  the  palm  of  the  hand.  An  awl  differs 
from  a  needle  in  tnis,  that  one  is  attached  to  a  han- 
dle and  is  retracted,  while  the  other  passes  through 
the  article  and  carries  the  thread  which  is  attached 
to  it. 
The  sewing-machine  needle,  so  called,  is  really  an 
awl,  except  in  that 
Fig.  464.  small  class  where  the 

needle  and  its  at- 
tached thri^  are  driv- 
en through  the  fabric, 
making  a  running 
stitch  (Smith's, 
DalWs,  and  others). 
In  many  kinds  of  goods 
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Pcuking-NeedU  and  Bodkin. 


/ 
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and  materials  it  would  seem  so  much  better  to  have 
the  awl  provided  with  an  eye  near  the  end,  that  it 
is  singular  it  did  not  come  into  general  use  for  sew- 
ing machines  many  years  back.  The  idea  was  not 
new,  for  in  the  needles  used  in  packing  hampers  (a. 
Fig.  454)  the  eye  was  placed  near  the  point  as  in  a 
bodkin,  b,  and  the  twine  was  pushed  through  be- 
tween the  meshes  of  the  lid  and  the  basket,  so 
that  it  could  be  grasped  by  the  hand  without  push- 
ing the  needle  clear  through.  The  upholstery  nee- 
dle and  thatching-needle  are  ancient  and  eye- pointed. 
The  eye-pointed  needle  was  one  of  the  principal 
claims  in  the  patent  of  Elias  Howe,  Jr.,  whicn  netted 
him  so  large  a  fortune,  and  which,  originally  granted 
in  1846,  was  made  by  an  extension  to  last  to  1867. 
Awls  vary  in  shape 
Fig.  456.  with     the    purposes    for 

which  they  are  intended, 
The  round  awl  tapered  to 
a  point,  a,  is  used  for  a 
marker  or  scratch-awl. 
The  awl  of  a  diamond 
shape,  6,  is  used  by  har- 
ness-makers to  form  an 
opening  for  the  needles 
which  carry  the  threads. 
The  round-shanked,  bent- 
ended  awl,  c,  ia  used  by 
shoemakers  to  make  a 
curved  channel,  which  is 
followed  by  the  bristle 
Aipls.  forming  the  point  of  the 

wax-end.  The  brad-awl, 
d,  is  used  by  carpenters  to  form  an  opening  for  brads, 
etc.     It  has  a  cylindrical  shank,  sharpened  to  a 

chisel-edge 

*ig-  466.  at   the   end. 

The    awl    e, 

used  by  wirc- 

workers,  is 

Sewing-Awl.  square,     and 

sharp  on  all 

four  edges  ;  its  shape  renders  it  less  liable  to  split  the 

wood. 

The  sewing-awl  (Fig.  456)  is  used  by  workers  in 
leather. 
The  pegging-awl  is  straight,  and  is  strong  enough 


to  drive  into  wood.     The  ferrule  on  the    '*«.  467. 
end  of  the  handle  is  provided  with  a  hol- 
low shank  made  square.     On  the  out- 
side of  the  shank  is  a  screw-thread,  over  i 
which  screws  a  c^p  having  a  hole  for  | 
the  insertion  of  the  awl.     The  flange  of 
the  awl  is  nipped  between  the  cap  and 
head  of  the  ferrule  and  firmly  secured. 

In  one  form  of  pegging-awl  the  socket 
gripping  the  awl  is  surrounded  by  a 
deeve,  which  is  projected  by  a  spiral 
spring  within  the  handle,  so  as  to  assist 
in  extracting  the  awl  by  pressing  upon 
the  leather. 

A  convenient  kit  of  small  tools  in- 
closed in  a  handle  is  shown  in  Fig.  458. 
The  serrated  shank  of  either  tool  is 
clasped  in  the  gripper  as  the  latter  is 
screwed  into  the  socket.  A  receptacle  A^^in^.^ii^. 
in  the  large  end  holds  the  tools. 

The  awl- handle  in  Fig  459  is  a  locking  pliers, 
whose  jaws  are  adapted  to  hold  either  of  the  tools  ; 
those  not  in  use  are 
inclosed  in  the  hoi-  Fig.  468. 

low  handle  when  the 
latter  is  closed.  A 
boss  on  the  end  of  the 
handle  forms  a  ham- 
mer. The  figure 
shows  an  elevation, 
open  ;  and  a  section, 
closed. 

.  In  Fig.  460  the  eye- 
pointed  awl  introduces  the  thread,  which  is  fed  from 
a  spool  concealed  within  the  handle. 


Atol  and  Tools. 


Fig.  468. 


Fig.  480. 


AwUHandU. 


Lcating-Awl. 


A'wu'er.  A  machine  for  taking  olf  the  avels  or 
aunu^  ofbarley.    See  Hummelino-machinb. 

A'wu'ing.  A  shield  or  shade  for  protection  from 
the  rays  of  the  sun  ;  usually  attached  to  buildincs, 
and  especially  to  protect  store-fronts  and  add  to  the 
comfort  of  pedestrians.  The  ordinary  mode  of  sup- 
porting a  roll  of  canvas,  by  means  of  i-afters  resting 
against  the  building  and  upon  posts  at  the  curb,  need 
hardly  be  described.  The  canvas  is  tacked  to  a 
roller  and  is  furled  by  means  of  a  running  rope, 
being  protected,  when  furled,  by  a  pent-roof  on  the 
wall  of  the  building. 

So  far  as  ingenuity  has  been  exercised  upon  this 
subject  it  has  generally  been  upon  modes  of  lower- 
ing and  winding,  having  especial  reference  to  shad- 
ing sidewalks  and  show-windows.  Some  devices, 
however,  have  been  intended  for  window-shades,  and 
are  modified  in  shape  and  mode  of  operation  to  suit 
their  location. 

Awnings  of  linen  were  first  used  by  the  Romans 
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in  the  theater,  when  Q.  Catulus  dedicated  the 
Temple  of  Jupiter,  b.  c.  69.  After  this,  Lentnlus 
Spinther  is  said  to  have  first  introduced  coUon  awn- 
ings in  the  theater  at  the  ApoUinarian  Oames,  July 
6,  B.  0.  68 ;  they  were  red,  yellow,  and  iron-gray. 
By  and  by,  Csesar  the  Dictator  covered  with  awn- 
ings the  whole  Roman  Forum,  and  the  Sacred  Way, 
from  his  own  house  to  the  ascent  of  the  Capitoline 
Hill ;  this  was  46  B.  o.,  and  is  said  to  have  appeared 
more  wonderful  than  the  gladiatorial  exhibition 
itself.  Afterward,  without  exhibiting  games,  Mar- 
cellus,  the  son  of  Octavia,  sister  of  Augustus,  when 
he  was  edile  and  his  uncle  consul  the  eleventh  time, 
on  the  day  before  the  Kalends  of 
August,  July  31,  28  B.  c,  pro- 
tected the  Forum  from  the  rays  of 
the  sun,  that  tlie  people  enga^ied 
in  lawsuits  mi^ht  stand  with  less 
^  injury  to  their  health.  Pliny 
says :  '*  What  a  change  from 
the  manners  that  prevailed  under 
Cato  the  Censor,  who  thought 
that  the  Forum  should  even  be 
strewed  with  caltrops  !  " 

The  awnings  extended,  by  the 
aid  of  ropes,  over  the  amphithea- 
ter of  the  Emperor  Nero,  were 
dyed  azure  like  the  heavens,  and 
bespangled  with  stars.  The  atri- 
um, or  hall  of  audience,  of  the 


Fig.  468. 


there  are  two  pulling  cords,  one  of  which  spreads 
the  awning  and  the  other  folds  it  up. 

Fig.  46ft. 


Auming. 


Roman  houses,  had  an  opening 
in  the  middle,  which  was  coveied 
in  summer  with  a  red  awning.  • 
In  Fig.  461  the  awning  is  rolled 
upon  a  shaft  having  permanent  bearings  in  the  box 
wnich  assumes  an  architectuitd  form  in  the  entab- 
lature of  the  shop- 


Fig.  462. 


Metallic  Awning. 


front.  The  hem  of 
the  awning  is  fas- 
tened to  a  bar,  which, 
when  closed,  forms 
the  architrave,  but 
which  swings  open 
when  the  awning  is 
unfurled  from  the 
roller  in  the  box, 
and  is  supported  by 

Cted  extension - 
from  the  pilas- 
ters of  the  store- 
front. As  the  awn- 
ing unwinds,  the 
hoisting-rope  coils 
on  the  roller,  and 
becomes  the  means 
of  refurling. 

In  Fig.  462  the 
metallic     plates 


which  form  the  awning  are  arranged  to  lap  one  over 
another,  each  plate  being  fitted  between  guides, 
which  are  attached  to  the  lower  end  of  the  plate  im- 
mediately above  it.  The  plates  are  connected  to  tog- 
gles, which  are  operated  by  arms  and  a  windlass,  to 
raise  and  fold  the  plates,  or  to  distend  them  into 
effective  pasition. 

In  the  Louver  awning  each  slat  of  the  awning  is 
pivoted  in  the  rafter,  and  is  connected  by  crank-arms 
to  a  bar  which  is  operated  by  coixls,  so  as  to  act,  like 
a  Venetian  shutter,  upon  all  the  slats  simultaneously 
and  exclude  the  direct  rays  of  the  sun,  while  permit- 
ting a  diffiised  or  reflected  light  to  enter  the  store. 

In  another  form  the  light  wooden  slats  of  the 

awning  fold  over  each  other  like  the  leaves  of  a  fan. 

'  The  slats  are  arranged  on  a  suitable  frame,  and 


Laxy-Tongs-ExUnsion  Auming. 

In  Fig.  464  the  lower  edge  of  theawning  is  attached 
to  the  boards,  which  are  secured  to  the  si(k  extensors. 
The  extensors  are  made  in 
toggle-sections,  operating  Fig.  466. 

as  lazy  tongs.  The  upper 
edge  of  tne  awning  is 
coiled  on  a  roller  operated 
by  a  cord  ;  it  is  held  by  a 
pawl,  to  keep  the  canvas 
stretched.  The  spiral 
spring  acts  to  keep  the 
arm  extended. 

Fig.  465  shows  front 
and  tapered  side-slats, 
which  slide  one  beneath 
the  other,  beingconnected 
together  by  plates  with  \ 
headed  studs,  which  work 
in  slotted  plates  affixed  on 
the  adjacent  slats. 

The  end-slats  collect 
like  the  folding  parts  of  a 
fan ',  the  roof-slats  take 
position  in  vertical  par- 
allel series  when  closed. 

Aze.  A  chopping  and 
felling  tool.  It  has  an  eye  by  which  it  is  attached 
to  the  helve.  The  edge  is  in  the  plane  of  the  sweep 
of  the  tool ;  it  therein  differs  from  the  adze. 

Pliny,  who  wrote  about  A.  D.  60,  felt  bound  to 
state  an  inventor  for  everything,  and  ascribed  the 
invention  of  the  axe  to  Daedalus,  of  Atliens,  about 
1240  B.  c.      It  is,  however,  to  be  supposed  that 
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when  Cecrops,  three  hundred  jrears  before,  forsaking 
Egypt  and  leavine  ciyilization  behind  him,  landed 
in  Greece,  he  had  axes  wherewith  to  dear  a  spot 
for  the  Tillage  he  founded. 

About  the  year  1098  B.  c.  we  read  that  the  He- 
brews went  to  Philistia  **  to  sharpen  every  man  his 
axe  "  (1  Samuel  xiii.  20) ;  and  about  893  b.  c.  "  the 
axe-head  fell  into  the  water "  while  the  man  was 
chopping  (2  Kings  vi.  5).  Previous  to  these  two 
latter  dates,  and  two  hundred  years  before  the  time 
of  Dsedalus,  we  find  that  the  Mosaic  law,  1451  b.  c, 
had  anticipated  the  foUowing  supposed  case  :  — 

"As  when  a  man  goeth  into  the  wood  with  his 
neighbor  to  hew  wokmI,  and  bis  hand  fetcheth  a 
stroke  with  the  axe  to  cut  down  the  tree,  and  the 
head  [Hebrew,  iron]  slippeth  from  the  helve,  and 
lighteth  upon  his  neighbor  that  he  die,  he  shall  flee 
^  unto  one  of  those  cities  [of  refuge]  and  live." 

In  Deuteronomy  xx.  19,  it  is  forbidden  to  "  force 
an  axe  "  against  the  fruit-trees  of  a  besi^d  city, 
1451  B.  c.  Later,  so  valuable  was  skill  in  the  use 
of  this  tool,  we  learn  that  **  a  man  was  famous 
according  as  he  had  lifted  up  axes  upon  the  thick 
trees  "  (Fsalms  Ixxiv.  5). 

The  axe  has  a  ctittin^  edge  of  steel  attached  to  a 
wrought-iron  head,  which  has  an  eye  pcu^el  to  the 
chord  of  the  curved  cutting  edge.  It  is  found 
among  all  nations  who  have  the  materitd  and  skill 
for  its  manufacture,  the  substantial  form  having 
descended  from  the  stone  age,  when  a  withe  or 
elastic  handle  was  bent  around 
Fig.  468.  acircular  depression  on  the  head, 

and  the  edge  was  sharpened  to 
the  extent  the  constitution  of 
its  material  would  bear,  or  ac- 
cording to  the  means  at  hand 
for  dressing  it ;  as  in  the  case  of 
chipping  an  edge  on  a  flint 
hatchet. 

The  accompanying  cut  repre- 
sents a  stone  axe  of  highly  pol- 
'    ished,   dark  greenstone,  found 
within  a  primitive  canoe,  at  a 
depth  of  25  feet  below  the  sur- 
face of  the  ground,  in  the  Valley 
of  the  Clyde,  Scotland.     The 
canoe  was  hewn  out  of  a  single 
oak,    and   was  exhumed    from 
beneath  the  site  once  occupied 
by  an  ancient  church.   This  axe 
Primitive  Axe.        is  exactly  like  a  number  which 
have  been  recovered  from  the 
mounds  and  fields  of  the  West.      It  is  the  same 
weapon  termed  a  celt  by  archseolog^ts. 

Tne  axes,  fasces,  trumpets,  sacrifices,  divination, 
and  music  of  the  Romans  were  introduced  from  the 
Etrurians.  Auger  and  oracle  still  exist  in  the  land 
of  their  adoption. 

The  mention  of  the  axe  (d^ifirj)  occurs  frequently 
in  Greek  authors.  A  crooked  one  for  shipbuilders, 
and  a  double-bladed  one  for  a  weapon,  are  also 
mentioned.  The  English  word  stale  for  an  axe- 
helve  is  derived  from  the  Greek. 

The  Roman  bipcnnis  was  a  double-bladed  axe 
with  the  eye  in  the  center,  like  some  of  our  modem 
ones.     See  Double-bitted  Axe. 

The  Egyptian  axe  was  of  iron,  steel,  or  bronze ; 
the  color  seems  to  indicate  the  former  metal  in  some 
cases,  but  it  was  generally  of  bronze.  The  handle 
was  split  to  receive  the  blade,  which  was  secured  by 
bronze  pins  and  leather  thongs.  It  was  used  as  a 
weapon  in  felling  timber,  shivering  gates,  etc. 

Figure  468  diows  three  Egyptian  axes.  The  lai^r 
one  belonged  to  Salt's  collection,  and  is  now  in 


the  British  Museum.  Kg.  467. 

The    blade    is    of 

bronze,    18^    inches 

long  and  2^^  inches 

broad.     It  is  secured 

by  silver  pins  in  a 

tube  of  the  same 

metal.    The  tube  was 

adapted  to  contain  a 

wooden  handle. 

The  other  figures 
are  of  axes  from 
Thebes. 

The  Peruvian  axes, 
chisels,  knives,  -and 
awls  were  made  of  an 
alloy  of  copper  and 
tin.  The  bits  of 
their  axes  were  about 
the  same  shape  as 
ours,  but  the  heads 
were  inserted  in  the 
handle  instead  of  the 
handle  in  the  axe- 
head.  Iron  was  un- 
known among  them. 
Tin,  added  in  certain 
proportions  to  thecop- 
per,  gives  it  the  hard- 
ness of  steeL  SeeAL-  i 
LOTS  :  Anneauno.    C 

Copper  axes  with 
single  and  double 
bits  have  been  found 
in  a  tumulus  near  Chillicothe,  Ohio.  A  small 
hole  through  the  middle  of  the  two-ed^  axe 
indicates  that  it  was  secured  to  the  helve  byiashing. 


Egyptian  Jbo»  ( 2V6a). 


Fig.  468. 


F||;^468. 


Venmaan  Knife  or  Axe. 


Egyptian  Jkct*.  The  single-bitted  axe  is  solid  and 
well  hammered,  and  weighs  two 
pounds  five  ounces.  It  is  seven  inches  long  and 
five  broad  at  the  cutting  edge,  having  an  average 
thickness  of  two  fifths  of  an  inch.  Its  edge  is 
slightly  curved,  after  the  manner  of  modem  axes, 
and  it  is  beveled  from  both  sides.  Copper  chisels, 
gravers,  etc.,  are  also  found  in  the  American  mounds. 

Lubbock  states  that  the  bronze  axes,  of  the  ages 
when  that  metal  predominated,  were  all  destitute  of 
eyes  for  the  handles. 

The  following  are  various  kinds  of  axes  :  — 

Barking-axe.  Chip-axe. 

Battle-axe.  Cleaver. 

Bill-hook.  Double-bitted  axe. 

Brick -axe.  Felling-axe. 

Broadaxe.  GrubMng-axe. 

Cavil.  Halbeni. 
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Hand-axe. 

Side-axe. 

Hatchet. 

Slate-axe. 

Jedding-axe. 

Stone-axe. 

Machete. 

Tomahawk 

Pickaxe. 

Zax. 

Pole-axe. 

See  these  in  their  alphabetical  places  in  the  body 
of  the  work. 

The/j/Ztn^r-axe  of  the  artillery  is  of  the  following 
dimensions :  — 


Length, 
Width  of  top, 

7.25  inches. 

3.50     " 

"       *'  edge. 

4.75     " 

Thickness  at  top, 

0.75     " 

"         "  eye. 

1.25     ** 

Size  of  the  eye. 

2.25     "      X  0.75  inches. 

Handle  (hickory). 

27.         "      long. 

Weight, 

6  pounds. 

In  the  most  recent  process  for  making  axes,  ham- 
mered bar-iron  is  heated  to  a  red  heat,  cut  off  the 
requisite  length,  and  the  eye,  which  is  to  receive  the 
handle,  punched  through  it.     It  is  then  reheated 
and  pressed  between  concave  dies  until  it  assumes 
the  proper  shape.     It  is  now  heated  and  grooved 
upon  the  edge  to  receive  the  piece  of  steel  which 
>  forms  the  sharp  edge.     To  make  the  steel  adhere  to 
the  iron,  borax  is  used.     This  acts  as  a  soap  to  clean 
the  metal  in  order  that  the  parts  may  adhere.     At  a 
white  heat  it  is  welded  and  drawn  out  to  a  proper 
edge  by  trip-hammers.    The  next  process  is  hammer- 
ing-off  the  tool  b^  hand,  restoring  the  shape  lost  in 
drawing  out ;  it  is  then  ground,  to  forma  finer  edge. 
Afterwards  it  is  ground  upon  finer  stones,  and  m^e 
ready  for  the  tempjerer.     The  axe  is  now  hung  upon 
a  revolving  wheel  in  a  furnace  over  a  small  coal-hre, 
at  a  peculiar  red  heat.     It  is  cooled  successively  in 
salt  and  fresh  water,  and  then  tem- 
pered   in    another    furnace,    where 
the  heat    is    regulated   by   a   ther- 
mometer.    It  is  then  polished  to  a 
high  finish,  which  will  show  every 
flaw  and  enable  it  to  resist  rust.     It 
is  then  stamped,  and  the  head  black- 
ened with  a  mixture  of  turpentine 
and  asphaltuHL 

Axes  have  been  made  partly  of  iron 
and  partly  of  steel,  or  of  different 
qualities  of  steel,  by  pouring  into  & 
mold 'first  one  of  these  metals  in  a 
molten  state,  and  then  the  other  metal, 
thus  sui)erseding  welding.  The  steel 
portion  is  cast  thick  in  the  first  place, 
and  then  drawn  under  the  hammer. 

Axes  are  cast,  rolled,  swaged  be-  ^ 
tween  dies,  or  forged  with  the  ham- 
mer. 

The  portions  of  an  axe  are  known 
as  the  bit,  poll,  eye,  and  head. 

Inserting  a  steel  bit  in  the  cleft  head  is  known  as 
steeling,  and  thus  are  axes  refitted  when  the  old  head 
is  worthy  of  such  repair. 

Fig.  470  shows  an  axe  with  a  head  of  iron,  cast 
into  and  around  a  steel  bit,  previously  inserted  in 
the  mold.     The  axe  is  then  finished  and  dressed. 

The  axe  (Fig.  471)  is  made  by  pouring  steel  from 
a  crucible  into  a  mold,  a  core  maintaining  the  shape 
of  the  eye. 

In  Fig.  472  the  steel  is  bent  and  lapped  around 
the  edge  of  the  iron  portion  to  which  it  is  welded, 
instead  of  being  inserted  in  the  split  edge  of  the 
axe-head,  — an  inversion  of  the  position. 

The  continuous  blank,  from  wnich  axe-heads  may 


Fig.  470. 


Fig.  471. 


Fig.4?i. 


Ltppmeott.  Wh»t0. 

be  cut  by  a  transverse  section,  is 
made  in  two  pieces,  which  are  hol- 
lowed to  form  the  eye,  and  have  a 
matching  bead  and  groove  to  fit 
the  portions  together.  The  transverse  section  (Fitf. 
473)  shows  the  shape  of  an  axe  without  the  8te3, 
which  is  subsequently  inserted  into  the  notch  and 
secured  by  welding. 

Fig.  47&  FJg.  474. 


Lippineoa, 


The  bifurcated  edges  of  the  steel  bit  in  the  example 
(Fig.  474)  are  inserted  into  a  scarf  on  each  side  of  the 
stock,  which  is  thus  made  to  lap  over  the  bit,  and  is 
welded  down  thereon,  as  in  the  left-hand  figure. 

Fig.  476. 


Axe-Btoekitu. 

In  the  axe-making  machine  (Fig.  475)  a  series  of 
dies  are  arranged  in  the  bed  beneath  and  the  recip- 
rocating block  Above.  They  cut  off  the  blank  for 
the  axe-head,  and  shape  and  weld  it  while  being 
held  between  the  dies  by  means  of  a  mandrel  in  the 
hands  of  the  attendant.  At  the  side  of  the  machine 
is  a  punch  for  trimming  the  eye  and  a  trip-hammer 
with  suitable  dies  for  trimming  the  head.  The  axe 
under  treatment  is  moved  from  one  operative  part  of 
the  machine  to  another,  and  swaged  to  form  Dy  suc- 
cessive blows. 

Fig.  476  represents  a  machine  in  which  the 
axe  is  made  oy  successive  operations  between 
dies. 
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Fig.  476. 


Hutehins's  Machine  far  making  Jzes. 

In  this  illustration,  Fig.  1  is  a  front  elevation  ; 
Fig.  2  is  a  side  view  of  the  dies  p  p,  and  Figs.  3 
and  4  are  sections  of  the  dies.  Fig.  5  Is  the  iron 
blank.  Figs.  6,  7,  and  8  are  the  shapes  it  sncces- 
ftively  as8um3s  as  it  comes  from  between  the  roller- 
dies  e  e  and  p  p,  and  the  bending  apparatus  z  s  t. 
The  dies,  by  successive  operations,  give  it  the  proper 
shape  on  both  sides  ;  it  is  then  placed  on  the  upper 
face  of  the  former,  which  corresponds  to  the  inner 
surface  of  the  eye.  The  head  is  gripped  by  the  jaw, 
which  is  depressed  by  a  treadle  ;  the  carriage  is  de- 
pressed by  the  crank-rod,  and  the  rollers  z  z  bring 
the  iron  to  shape. 

In  the  machine  (Fig.  477)  the  axe-heads  are  manu- 

ng.477. 


a^t^ 


/^ 


■^ 
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fiictured  by  compressing  only  one  half  thereof,  at 
each  operation,  between  dies  or  swages  of  the  re- 
quired shape  projecting  from  the  face  of  the  rolls 
in  which  they  are  set,  so  that  the  axe-head  can  be 
inserted  and  withdrawn  without  coming  in  contact 
with  the  rolls  ;  the  adjustable  guide  g  is  either  at- 
tached to  the  dies  or  separate  therefrom,  for  the  pur- 
pose of  applying  the  pressure  necessary  to  form  the 


E 


3 


2 


axe-head,  in  such  a  manner  as  to  leave 
any  excess  or  deficiency  of  iron  in  the  poll 
of  the  axe-head,  thus  securing  exact  uni- 
formity in  the  two  sides  thereof,  and 
enabling  axes  of  various  sizes  to  be  made 
from  the  same  dies  by  simply  adjusting  the 
distance  of  the  rolls  and  the  gage. 

In  another  ma- 
chine the  end  of  Fig.  478. 
a  heated  bar  is  | 
inserted  into  the 
machine;  the 
blank  cut  off ; 
the  eye  punched 
by  oval  punches, 
j^  while  the  blank 
is  held  and  com- 
pressed by  the 
movable  sections 
of  the  die-box, 
one  of  whose  sides 
is  sharp-edged  to 
open  the  olank 
for  the  insertion 
of  the  steel  bit. 

Fig.  478  splits 
and  opens  a  long 
bar,  so  that  it  may  be  cut 
up  into  axe-blanks  ready 
to  receive  the  steel  bit. 
The  upper  part  of  the  fig- 
ure shows  two  runs  of  rolls,  one  for  rounding  and  the 
other  for  splitting.  The  lower  figure  shows  the 
split  blank  A,  with  two 
prongs  e  Cf  to  be  closed  ^«-  *'8- 

oy  the  blacksmith  upon 
the  steel  bit  which  is  in- 
serted between  them  while 
the  parts  are  at  a  welding 
heat. 

The  axe  is  usually  fas- 
tened to  its  helve  by 
we<k;ing  the  latter  tightly 
in  the  eye,  splitting  the 
end  of   the  helve  for  that  purpose. 

The  eye  is  peculiarly  shaped  in  Fig.  479,  one 
edge  being  rounded,  and  the  neive  of  corresponding 
shape  is  driven  upon  it  by  a  wedge  at  the  back. 

In  Fig.  480  the  helve  has  a  metallic  strap  secured 
on  the  end,  and  this  fits  between  wedges  in  the  eye. 
A  bolt  passes  through  a  cap-piece,  and  extends 
through  the  strap  and  into  the  helves.  A  wrench 
tightens  the  bolt. 

Fig.  481  shows  a  metallic  cap  for  the  hand-hold 


Axe^SUtnk  Mafhiitt 


Axt'Hdve  Fastening, 


Fig.  480. 


Fig.  481. 


of  axes.  It  is  secured  by  a  dowel-pin,  which  pene- 
trates the  helve,  and  a  tenon  on  the  latter,  which 
enters  a  socket  in  the  cap  and  is  wedged  therein. 

Fig.  482  shows  an  axe-testing  machine.     The  axe 
to  be  tested  is  slipped  upon  the  bar  C,  towards  the 
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fig.  482. 


Axt-TetUr. 

standard  B,  until  it  fits  tightly.     The  gage-plate  E 
is  then  allowed  to  descend  upon  the  edge  of  the  axe 
D,  when,  by  placing  the  eye  over  the  slot, 
the  slightest  variation  from  truth  may  be 
detected. 

Ax'ia.  A  mathematical  term.  See 
Axle. 

Azle.  1.  (Machinery.)  A  shaft  or 
rod  on  which  a  pulley,  drum,  or  wheel 
is  placed. 

Axles  in  machinery  are  known  as  Live 
axles  when  communicatinff  power ;  as  Dead 
or  Blind  axles  when  runnmg,  but  ineffec- 
tive, temporarily  or  otherwise. 

Hollow  axles  are  tubular,  as  their  name 
indicates.  They  become  sleeve-tcdeB  when 
the  tube  is  occupied  by  a  rod  or  tube 
forming  a  live  or  dead  axle,  or  a  fixed 
axis  as  the  case  mav  be. 

2.  ( Vehicles. )  The  transverse  bar  beneath  a  vehi- 
cle, upon  whose  ends  the  wheels  are  placed. 

In  the  earriage-axie  the  wheels  rotate  on  the 
axle-spindle,  the  axle-tree  being  relatively  fixed. 

In  the  ear-axle  the  wheels  are  fast  to  the  axle, 
which  rotates  therewith.  The  axle  has  bearings  in 
boxes.    See  Car- axle. 

Carriage  and  wagon  axles  are  made  tubular  for 
strength  and  lightness ;  tubular  axles  are  made 
from  welded  iron  pipes,  such  as  are  used  for  water 
andgas.  The  ends  are  drawn  to  a  taper  for  the  spindles, 
a  buttinff-ring  is  then  welded  on,  and  the  end  fitted 
with  a  plug  on  which  a  thread  is  cut  for  the  nut. 
Hollow  axles  are  also  made  by  taking  two  swaged 
hollow  portions  and  welding  them  together.  See 
patents  of  Lewis,  1871,  1872. 

A  divided  axle  is  one  which  is  bisected  at  its  mid- 
length  ;  the  parts  being  coupled  or  otherwise,  as  the 
case  may  be. 

The  claims  to  antiquity  of  this  highly  useful 
portion  of  the  carriage  dt>  not  afford  much  room  for 
enlargement.  The  cart  and  the  chariot,  whatever 
may  be  their  order  of  precedence  as  re^rds  time, 
afford  the  earliest  specunens.  The  details  of  early 
forms  are  comprised  in  the  axle-tree,  two  spindles, 
and  their  linen-pins.  Skeins,  nuts,  straps,  clips, 
boxes,  bushing,  lubricators,  and  other  devices,  seem 
to  have  been  reserved  for  the  modems.  Axles  are 
made  of  wood  or  metal ;  in  the  former  case  the 
spindles  for  the  wheels  are  strengthened  and  pre- 


served by  metal  (see  Skeins),  and  the  axle-tree  itself 
receives  straps  and  bands,  secured  by  dips  and 
bolts,  for  the  same  purpose.  Pliny,  a.  d.  79,  recom- 
mends ash,  oak,  and  elm  for  the  manufacture  of 
axle-trees.    See  Carriage,  Chariot,  Wagon. 

FiS.  488. 


Ccmpomnd  Azle, 

The  arms  of  the  compound  truss-axle  (Fig.  483)  are 
each  made  in  two  parts  with  an  intervening  oil-space. 
One  of  the  vorts  is  placed  edgewise,  vertically,  and 
the  other  flatwise,  horizontally ;  the  two  being 
united  by  collars,  which  form  butting-rings,  and  by 
screw-nuts,  which  latter  also  secure  the  nube  into 
Uie  axles. 

In  Fig.  484  each  end  of  the  wooden  axle-tree  has  a 
cast-metal  sleeve,  ou  the  outer  end  of  which  is 
a  polygoually  shaped  recess,  for  a  finished  metallic 
spindle,  whose  shank  screws  into  the  end  of  the 
axle-tree.  A  collar  on  the  spindle  abuts  upon  the 
end  of  the  sleeve  and  holds  it  in  place.  A  cap 
screws  on  the  sleeve,  and  its  flange  projects  into  a 
face-groove  on  the  inner  end  of  the  hub.     A  similar 
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provision  on  the  outer  nut  also  tends  to  exclude  grit 
from  the  bearing  surfaces. 

While  most  wheels  revolve  on  the  spindles  of 
their  axles, 

others  are  fast  ^Wg*  *86. 

to  and  rotate 
with  their  ax- 
les ;  in  the  lat- 
ter case  bear- 
ings are  pro- 
vided for  the 
axle  (as  in  Fig. 
485),  in  which 
the  parts  of  the 
divided  axle(^g 
rotate  in  bear-  ^^^ 
ings  attached 
to  the  axle- 
tree.  Each 
portion  is  re- 
ceived in  a 
long  socket- 
piece,  bolted 
to  the  axle,  and 
is  retained  by 
a  set  screw,  whose  inner  end  passes  into  an  annnlar 
groove  in  the  periphery  of  the  axle. 

In  one  form  of  divided  axle  the  tongue  is  pivoted 
to  the  front  sill-piece  of  the  wagon-frame,  coind- 
dently  with  the  pivot  of  the  slotted  middle  section 
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fig.  486. 


DrewU  Caniage-AxU. 

of  the  axle-tree,  and  the  tom^ne  is  not  a£fected  by 
the  contact  of  llie  front  wheels  with  obstructions  in 
the  road.  The  middle  section  of  the  axle-tree  forms 
a  link  in  which  slip  the  inner  ends  of  the  two  outer 
sections,  in  which  the  axles  of  the  wheels  have  their 
bearings.  Each  wheel  is  secured  to  its  |)ortion  of 
the  axle,  and  each  section  of  the  axle-tree  is  secured 
by  hounds  to  its  respective  end  of  an  equalizing  bar, 
which  oscillates  on  the  tongue  as  the  wheels  swerve 
out  of  their  course  or  change  their  parallelism  with 
the  hind  wheels.  The  tongue-hounds  are  hinged  to 
their  sections  of  the  axle-tree,  so  as  to  allow  the 
required  vertical  motion  to  the  tongue,  which  has 
also  a  hingeing  joint. 

Fig.  487  shows  a  means  of  securing  the  wheel  to 
the  axle.     It  is  intended  for  children's  carriages,  and 

rig.  487. 
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the  fastening  is  not  exposed  at  the  outer  end  of  the 
hub.  A  rod  is  fitted  in  the  spindle  of  the  axle,  and 
provided  at  its  outer  end  with  a  button  eccentrically 
attached.  The  button  in  certain  positions  bears 
upon  the  outer  end  of  the  hub,  and  tiie  inner  end  of 
the  rod  is  secured  by  a  staple  and  key. 

The  bent  or  crank  axle  is  much  used  in  city 
drays,  its  purpose  being  to  lower  the  bed  without 
reducing  the  size  of  the  wheels.  Bringing  the  floor 
of  the  vehicle  nearer  to  the  ground  obviates  lifting 
the  load  to  any  great  extent.  The  bent  axle,  to 
enable  the  bed  of  the  cart  or  wagon  to  come  near  to 
the  ground,  while  retaining  a  lai^  wheel,  is  a  com- 


mon device  in  England  in  city  and  rural  vehicles. 
One  form  of  driving  wheel-axles  for  locomotives  is 
also  bent.  Baddeley,  a  contributor  to  the  early 
volumes  of  the  Mechanic's  Magazine,  London,  advo- 
cated their  use,  and  may  have  oeen  the  inventor. 

Paterson  (England)  proposed  that  carriages  should 
have  axles  of  unequal  length,  so  as  to  avoid  "track- 
ing," and  thus  prevent  the  formation  of  ruts. 

A  ^unu'n^-axle  is  the  fore-axle  of  a  carriage,  which' 
turns  on  the  fifth  wheel. 

A  Icading-eLxle  is  an  axle  of  a  locomotive,  in  front 
of  the  driving  axle  or  axles.  The  term  is  applied 
especially  to  the  English  engines,  which  are  not  sup- 
ported in  front  by  a  four-wheeled  truck,  as  with  us. 

A  trailing-Axle  is  the  last  axle  of  the  locomotive. 
In  English  engines  it  is  under  the  foot-plate. 

A  cranjfc-axle  is  a  driving-axle  connected  to  the 
piston-rods  of  a  locomotive  whose  cylinders  are 
insicUi  technically  speaking. 

Adriving-w?uel  axle,  or  arimng-axlet  is  the  one  on 
which  the  driving-wheels  are  keyed.  The  power  is 
either  applied  to  cranks  on  the  axle,  or  to  wrists  on 
the  driving-wheels  themselves. 

Ajcle-ad-ju8t'er.  A  machine  for  trueing  an 
axle  by  straightening  out  the  bends ;  or  one  for 
setting  the  ^mdle  in  proper  line  relatively  to  the 
axle-tree.     See  Axle-setting  Machine. 

Azle-arm.  The  spindle  on  the  end  of  an  axle, 
on  which  the  box  of  the  wheel  slips. 

Ajcle-bar.  An  axle-tree  witn  an  arm  at  each 
end  for  a  wheel. 

Axle-box.  Carriage  axle-boxes  are  bushings 
for  hubs.  Their  duty  is  to  take  the  wear  incident 
to  revolving  on  the  spindle  of  the  axle.  Some  of 
them  are  so  arranged  as  to  unite  the  wheel  to  the 
axle  without  the  intervention  of  linch-pins  or  axle- 
nuts.  Others  have  rollers  to  diminish  the  frictional 
bearing  of  the  spindle  in  the  box.  Others  have 
devices  for  taking  up  lost  motion.  Other  devices 
refer  to  modes  of  casting,  securing  in  the  hubs,  re- 
newing the  bearing  surfaces,  providing  thimbles  and 
sleeves  of  soft  metal,  which  pre- 
vent the  contact  throughout  of 
the  spindle  and  its  bearing. 

In  Fig.  488  the  spindle  nas  a 
permanent  conical  collar,  and 
the  box  is  formed  in  two  por- 
tions, which  screw  together  ;  a 
groove  at  the  point  of  junction 
forming  a  seat  for  the  collar  on 
the  spindle,  and  holdinjy;  the  latter  in  the  hub  of  the 
wheel.  The  collar  is  intended  to  be  the  only  bear- 
ing portion,  the  hole  through  the  box  surrounding 
the  other  parts  of  the  spindle  being  made  lai^ 
enough  to  enable  it  to  revolve  without  touching. 

Somewhat  similar  is  Fig.  489,  in  which  the  conical 
collar  on  the  spindle  B  is  used  for  the  same  purpose. 
The  inner  portion  of  the  box,  however,  is  formed  of 

Fig.  489. 
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two  semi-cylindrical  pieces  £  E,  which  are  held  in 
place,  on  tiieir  portion  of  the  spindle,  by  a  cylindrical 
band  C,  which  slips  over  them  when  the  parts  are 
in  position.  The  segments  have  threads  cut  upon 
them,  upon  which  the  outer  portion  of  the  hub 
is  screwed.     The  tapered  end  of  the  spindle  B  abuts 
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Tig.  489. 
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against  a 
conical  seat 
in  the  outer 
end  of  the 
box.  A  hole 
at  this  end 
admits  oil, 
and  is  then 
plugged. 


In  Fig.  490  the  spindle  of  the  axle  has  a  grooved 
collar,  which  occupies  the  position  of  the  usual  but- 
ting-ring. The  open  end  of  the  boxing  has  an  in- 
ternal thread  screwing  upon  the  divided  nut,  which 
clasp  the  collar  on  the  spindle.  The  box  and  nut 
are  keyed  together  by  a  screw,  so  as  to  run  together ; 
the  nut  clasping  the  permanent  collar,  so  as  to  keep 
the  wheel  on  the  spindle. 

ng.491. 
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The  axle-box  shown  in  Fig.  491  is  cast  solid 
throughout,  and  is  closed  in  front  by  a  cap.  Linch- 
pins are  attached  to  the  axle,  and  have  projections 
which  enter  an  interior  annular  groove  of  the  box, 
80  as  to  keep  the  latter  on  the  axle.  The  oil-hole 
at  the  end  of  the  box  is  closed  by  a  screw-plug  after 
oil  is  applied. 

The  ^e  (Fig.  492)  has  corresponding  annular 
grooves  in  the  adjacent  faces  of  the  axle-spindle 
and  the  box.      A  hole  in  the  hub  permits  a   ball 
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AxU-Box 

to  be  dropped  into  this  groove,  and  the  hole  is 
then  plugged.  The  ball  opposes  the  withdrawal 
of  the  box  from  the  spindle.  One  view  is  a  ver- 
tical, and  the  other  a  horizontal,  longitudinal  sec- 
tion. 

Fig.  493  has  chilled  cast-iron  balls,  which  are 
the  means  of  uniting  the  box  to  the  spindle ;  the 
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AxU-Bor. 


balls  protruding  into  grooves  in  the  respective  parts. 
The  flange  on  the  end  of  the  spindle  has  a  notch  to 
facilitate  the  introduction  of  the  balls  into  the  groove 
of  the  spindle.  The  outer  groove  is  formed  at  the 
junction  of  the  cap  and  the  box,  which  are  secured 
together  by  bolts. 


Ajde-CoOarf  etc 


Fig.  494  shows  He  484. 

another  form  in 
which  a  collar  is 
turned  on  the  in- 
ner end  of  the 
spindle,  and  in- 
side the  collar  is  a 
rve  occupied 
^  an  annular 
cap-piece  F,  The 
cap  ^  is.  to  be  at- 
tached to  the  in- 
ner end  of  the  hub 
^,  to  hold  it  on 
the  spindle  of  the 
axle.  The  lips  d, 
on  the  inner  face 
of  the  cap,  enter 
between  the 
projections  b  on 
the  face  of  the 
hub.  The  cap  is  then  partially  rotated,  locking 
the  two  portions  together;  the  engagement  being 
maintained  by  a  spring  pin  H  in  the  hub,  which 
enters  a  perforation  in  the  cap  F.  To  detach  the 
wheel,  the  spring  pin  is  retracted  and  the  cfp  loos- 
ened, permitting  tue  wheel  to  be  removed  firom  the 
spindle. 

The  box  in   Fig.  Fig.  486. 

495  has  an  exterior 
thread  by  which  it 
is  screwed  firmly 
into  the  hub.  The 
ends  of  the  spokes 
rest  upon  the  thread. 
The  Dox  is  widened 
at  its  inner  end,  so 
as  to  enclose  the  but- 
ting ring  upon  the 
axle,  and  the  flange 
of  the  box  is  bolted 
to  an  annular  plate 
on  the  inside  of  the  butting-ring,  so  as  to  hold  the 
box  to  the  axle,  thereby  securing  the  wheel  in  place 
without  any  attaching  de- 
vices on  the  outerend,  such 
as  linch-pin  or  axle-nut. 

An  axial  bolt  in  Fig.  496 
screws  into  the  end  of  the 
spindle,  and  its  head  rests 
against  an  annular  washer, 
which  is  of  sufficient  diam- 
eter to  abut  against  the 
end  of  the  box  and  the 
hub  also.  The  bearing  of 
the  attachment  is  thus 
upon  the  outer  end  of  the 
spindle,  the  usual  butting- 
nng  on  the  axle  is  super- 
seded, and  the  back  of  the 
hub  removed  from  any 
contact    with    sustaining 

devices  when  the  wheel  vibrates  longitudinally  on 
its  spindle. 

In  the  axle  (Fig.  497),  friction -rollers  revolve  in 
the  annular  chambers  of  the  box,  and  lessen  the 
friction  of  the  spindle  ;  the  latter  has  a  rolling  con- 
tact, instead  of  a  frictional  one. 

The  planetary  system  of  rollers  is  a  very  common 
device,  and  a  great  favorite  among  inventors.  It  is 
applied  to  bearings  of  all  kinds. 

The  box  (Fig.  498)  is  in  two  portions,  which  form 
conical  or  beveled  bearings  of  unequal  incUnationa 
at  each  end  of  the  hub  ;  their  inclinations  being  in 
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WhiU^t  AxU'Box. 
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Fig.  407. 


AnttJHetion-Rotter  Box. 

reversed  or  opposing  directions,  and  the  outer  hav- 
ing the  greater  inclination  of  the  two.     The  attach- 
ment  is   by  a 
Fig.  496.  nut  on  the  end 

of  the  spindle. 
Fig.       499 
shows  a  mode  of 
casting  axle- 
_  boxes  in  a  two- 
y  part,      hinged, 
k   metallic    flask, 
'   the   portion  of 
the  gate  below 
the  sprue  form- 
ing the  fin  of 
the  box.     The 
AzU-Box.  box  is  cast  up- 

on a  chill  with 
a  sand  core  for  the  oil-chamber. 

Upon  the  butt-end  of  the  box  (Fig.  500)  is  an 
annular  flange  with  a  concave  recess  formed  on  its 


J9f(M/«  ofteuting  Axle- Boxes. 

inner  surface  ;  the  sharp  edge  of  the  flau^  sinks 
into  the  wopden  hub,  and  a  metallic  nut  with  a  cor- 

respondiug  sharp 
*1g.  600.  flange  is  similarly 

sunk  into  the 
other  end  of  the 
hub.  The  object 
is  a  firm  attach- 
ment of  the  box 
in  the  hub. 

A  bearing  sur- 
face, completely 
enveloping  the 
spindle,  is  either 
a  bushing  for  the  box,  or  is  allied  to  a  thimble- 
skein.  This  skein  may  be  a  cast-iron  thimble,  a 
wrapping  of  wire,  a  bearing  of  Babbitt-metal,  or  an 
infolding  plate  of  sheet-metal.     See  Axle-skein. 

Axle-boxes  of  railway-cars  are  diflferently  con- 
structed, as  may  be  seen  by  the  example  annexed. 
They  consist  mainly  of  a  box,  bearing,  packing, 
oil-chamber,  and  removable  cover. 

Arrangements  are  made  to  facilitate  the  removal 
of  the  baring  from  the  journal  of  the  axle,  for  the 
inspection  of  the  journal,  or  the  renewal  of  the  bear- 
ing, while  the  oil-box  remains  in  its  place  ;  also  to 


Axie'Box. 


fig.  601. 


so  combine  the 
oil-box  with  the 
axle  and  jaw, 
that  the  oil- box 
may  be  easily 
removed  there- 
from, for  the  pur- 
pose oC  renewing 
the  packing  in 
the  rear  end,  etc. 
See  Car  Axle- 
box. 

Azle,  Car. 
The  bar  connect- 
ing the  opposite 
wheels  of  a  pair, 
adapted  to  sup- 
port a  railway- 
carriage,  or  rail- 
road-truck. The 
wheels  are  fast 
to  the  axle,  and 
the  latter  runs  in 
bearings  in  cucle- 
boxes.  In  this 
respect  the  car- 
axle  differs  essentially  from  the  carriage-axle,  which 
is  relatively  fixed,  the  wheels  running  upon  it.  See 
Car-axle. 

Azle-olip.  {Vehicles.)  A  clevis  or  bow  which 
unites  some  other  part  to  the  axle  ;  as  the  clip  of 
the  thill  coupling.  The  axle-cap  or  strip,  and  the 
ends  of  the  perch-braces,  are  fastened  by  dips  to  the 
axles. 

Axle-olip  Tie.  The  cross-bar  which  unites 
and  fastens  the  ends  of  the  bow-clip  by  which  a 
carriage-axle  is  clasped. 

Fig.  602. 


Otr  Axle- Box. 


^^ 


SirattatCs  AxU-  Qagt. 

Azle-gaga  A  tool  by  which  the  spindle  is  so 
adjusted  in  relation  to  the  axle-tree,  as  to  give  the 
reouired  switig  and  gather. 

The  svnng  is  adjusted  to  give  the  downward  in- 
clination, and  the  axle  is  bent  to  conform  to  this 
guide.  The  gather  is  given  by  the  adjustable 
standard. 

The  awing  is  the  outward  inclination  of  the 
top  of  the  wheel,  and  is  to  meet  the  requirements 
of  the  conical  axle,  so  that  the  bottom  edge  of  the 
spindle  shall  ride  about  horizontal.  Were  the 
spindle  destitute  of  swing,  the  wheel  would  ride 
outward,  bearing  heavily  against  the  linch  pin  or 
nut. 

The  gather  is  the  forward  inclination  of  the 
spindle  relatively  to  the  general  line  of  direction  of 
the  axle-tree.  It  is  to  bring  the  forward  edge  of  the 
taper  spindle  into  a  direction  nearly  transversely 
across  the  vehicle,  so  as  to  prevent  the  riding  out 
of  the  wheel  s^inst  the  hub,  which  would  result 
from  placing  a  wheel  on  a  conical  spindle  without 
gather. 

Fig.  503  shows  a  somewhat  different  form  of  the 
gage,  in  which  the  concave  end  of  the  sliding  gage 
IS  placed  on  one  spindle,  and  the  other  spindle  set 
by  the  adjustable  bare. 
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Fig.  608. 


AzU'Gage. 


Axle-JSpATCl     One  of  the  pedes- 
tals in  which  the  boxes  of  an  axle 


shaped  cutters  secured  to  two  jaws,  which  approach 
each  other  by  the  rotation  of  a  right  and  left  hand 
screw  in  a  fixed  rest. 

Whitworth's  famous  lathe  is  of  this  character. 
See  Duplex  Lathe  ;  Car-axle  Lathe. 

Az'le  Lu'-brl-oa-tor.  A  device  for  containing 
a  supply  of  oil  and  supplying  it  to  the  spindle  inside 
the  axle-box. 

There  are  many  forms  of  this,  some  having  reser- 
voirs of  oil  in  the  spindle,  others  in  the  box,  others 
outside.  In  some  the  lubricant  is  led  to  the  wear- 
ing surface  by  gravity,  in  others  by  cotton  wick,  in 
others  by  a  moving  cup.  See  Carriag£-wh££L 
Lubricator, 

Fig.  606. 


Tk1n'(T  VTAW-i/koI lir  no    4'Via 


TCVKVO   iriAlrl    <in/4 


Ax»€-AMn».  ^^  perpendicularly  to  the  die-rolls  and  in  concert 

The  axle  or  shafting  is  turned  to  form  by  suitably  I  therewith. 

Fig.60& 


^r:***i 
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Axle-nut.  A  screw  nut  on  the  end  of  an  axle- 
apindle,  to  keep  the  wheel  in  place.     See  Nut. 

Axle-pin.  A  linch-pin,  a  fore-lock  ;  a  little 
bar  passing  through  a  mortise  near  the  end  of  the 
arm,  to  hold  the  wheel  thereon. 

Axle-eef  ting  Bla-ohine'.  The  Axle-seUmg 
Machine  (Fig.  606)  is  for  setting  the  spindles  true  on 
the  ends  of  the  axle-trees,  giving  them  the  required 
3et  and  gather. 

The  uprights  ^  C7  on  the  frame  B  are  adjustable 
by  set  screws  to  any  distance.  The  upright  C  has 
a  jointed  bar  D  projecting  from  it,  which  rests  on 
a  screw-rod  K  This  bar  is  a  straight  edge,  to  show 
the  taper  of  the  axle ;  for  when  tne  same  is  placed 
on  the  uprights,  as  shown  in  the  engraving,  and  the 
stop  F  brought  up  to  it  by  the  screw,  the  taper  will 
he  given  by  the  gage  (?,  shown  in  dotted  lines.  If 
the  axle  does  not  touch  the  stop  F^  it  is  too  high  on 
the  end,  and  must  be  brought  down  by  the  black- 
smith. If  it  touches  at  the  end  and  not  at  the 
shoulder,  it  is  too  low,  and  must  be  treated  accord- 
ingly. The  axle  is  then  turned  end  for  end,  and 
the  operation  is  repeated.  The  T-end  on  the  frame 
is  to  set  the  T-foot  of  the  gage  against,  as  shown. 
The  angle  of  the  gage  is  obtained  by  setting  the 
gage-foot  against  the  spoke,  and  putting  the  straight 
edge  if  in  the  axle-box,  as  in  the  smaller  figure. 

Pig.  607. 


wood,  and  is  applied  as  a  sufSx  to  many  words,  such 
2A  Bridge- Tree,  Single- Tree,  Double- Tree,  Boot- Tree, 
Chess- Tree,  Saddle- Tree,  etc.     See  Axle. 

Jones's  axle-trees  (English  Patent)  are  made  of 
wrought-iron,  with  pieces  of  steel  welded  beneath 
them  near  the  ends  so  as  to  form  the  spindles.  In 
hardening,  the  work  is  heated  by  a  foige  fire.,  a 
quantity  of  prussiate  of  potash  mixed  with  carbon- 
ate of  ammonia  is  dusted  upon  the  metal,  which  is 
then  plunged  into  the  cooling  tank,  water  being  al- 
lowea  to  run  upon  it  from  a  cistern.  The  prussiate  of 
potash  case-hardens  the  iron.  The  wheels  are  on  the 
wrought-iron  suspension-principle,  having  chilled- 
iron  hubs. 

Axle-tree  ng.  sf». 

Clamp.  A 
tool  for  giv- 
ing the  prop- 
er pitch  to  a 
new  axle- 
spindle,  or 
for  straight- 
ening one 
which  is 
bent. 

Ax'mins- 
ter  Car'pet 


AxU-Tree  damp. 


AscU-AOjMtttr. 

A  more  portable  form  of  the  same  general  charac- 
ter is  shown  in  the  Axle^Adjuster  (Fig.  607).  It 
consists  of  a  bar  hooked  on  to  the  axle-tree  in  two 
places. 

The  bar  is  fastened  by  clamp  if  and  fulcrum-block 
F,  The  eye-bolt  L  is  hooked  over  the  end  of  the 
spindle,  and  the  adjustment  of  the  latter  is  accom- 
plished by  the  screw  S  and  set  nuts  J  K, 

Axle-ekein.  A  band,  strip,  or  thimble  of  metal 
on  the  wooden  arm  or  spindle  of  a  carriage-axle  to 
take  the  wear  from  the  wood. 

Axle-eleeve.      One  placed  around  a  railway- 


Fig.  508. 


AxU-SUew. 


car  axle  in  order  to  hold  up  the  broken  ends  if  the 
axle  should  be  fractured. 

Axle,  Tel-e-sooplo.  An  extension  axle  to 
allow  the  running  wheels  of  a  carriage  to  be  slipped 
in  or  out  to  adapt  them  to  varying  gages  of  tracks. 

Axle-tree.  The  axle,  or  transverse  bar,  on 
whose  ends  the  wheels  of  a  vehicle  are  secured. 

The  term  *'  tree"  indic^ites  that  it  was  originally  of 


A  carpet  with  a  flax  or  iute  chain 
and  a  woolen  or  worsted  filling  which 
is  formed  into  a  pile. 

The  patent  Axminster  carpet,  as 
made  at  Glasgow,  is  made  firet  as  a 
woven  fringe,  which  is  afterwards 
adapted  to  a  thick  flax  backing. 

Tne  carpet  is  named  from  the  town 
of  Axminster,  Devonshire,  England, 
where  the  manufacture  was  formerly 
earned  on.  It  has  been  discontinued 
at  that  place.  It  is  of  the  Turkey 
variety.  The  linen  chain  or  warp 
is  placed  perpendicularly  between  two  rolls  or  beams, 
one  of  which  cames  the  warp,  and  the  other 
the  finished  carpet.  Small  tuits  or  bunches  of 
difierent  colored  worsted  or  woolen  are  tied  to  or 
fastened  under  the  warp  ;  and  when  one  row  of  these 
tufts  has  been  completed,  a  linen  weft  thread  is 
thrown  in  and  firmly  rammed  down.  Another  row 
of  tufts  is  then  knotted  in,  the  selection  of  colors 
being  such  as  to  carry  on  the  pattern.  To  guide  the 
weaver  as  to  the  position  of  the  colors,  a  paper  de- 
sign constantly  hangs  before  him.  The  linen  chain 
and  weft  are  entirely  concealed. 

Ayr  Btone.  A  Scotch  stone,  called  "Water 
of  Avr,"  used  as  a  whetstone  and  in  surfacing 
metals  previous  to  ]>olishing. 

Axl-muth  Cir'cle.  The  azimuth  circle,  as  an 
astronomical  instrument,  is  used  for  determining 
the  azimuths  of  stars.  The  azimuth  is  an  arc 
of  the  horizon  intercepted  between  the  meridian 
of  the  place  of  the  observation  and  the  vertical 
circle  passing  through  the  object. 

Axl-mnUi  Com'paM.  This  compass  isgrad- 
uated  in  degrees  instead  of  being  divided  by 
rhumbs,  like  the  Mariner's  Compass,  It' has 
si^its  to  allow  the  angles  to  be  taken  more  accu- 
rately, and  is  de^gnwi  to  show  the  bearing  of 
objects  in  respect  to  the  magnetic  meridian. 

By  a  comparison  of  the  magnetic  azimuth  of  a 
heavenly  bodv  with  the  true  azimuth  as  found  bv 
calculation,  the  variation  of  the  needle  is  determined. 
The  instrument  is  shown  in  the  accompanying  fig- 
ure. The  sight-plates  ascend  perpendicularly,  and 
their  slits  are  bisected  by  a  perpendicular  thread  or 
wire,  serving  as  sights. 
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AZOGUE. 


Fig.  610. 


Fig.  611. 


Azimuth  Compass, 

The  ring  of  the  gimbals  rests  with  its  pivots 
on  the  semicircle  beneath,  the  foot  of  which  turns 
in  a  socket ;  so  that,  while  the  box  remains  steady, 
the  compass  may  be  turned  around  so  as  to 
bring  the  sights  into  coincidence  with  the  sun 
or  other  object  observed. 

The  pivots  of  the  gimbals,  in  this  as  in  steer- 
ing-compasses, should  lie  in  the  same  plane  as 
the  point  of  suspension  of  the  needle,  so  as  to  dim- 
inish the  irregiuar  vibration  as  much  as  possible. 

In  the  inside  of  the  compass-box  lines  are  drawn 
perpendicularly  down  from  the  points  where  the 
sight-threads  meet  the  sides  of  the  box.  These  in- 
dicate the  number  of  degrees,  and  part3  of  a  degree, 
which  the  object  bears  from  the  magnetic  north  or 
south,  on  which  account  the  middle  of  the  apertures 
of  the  sight-vanes,  the  threads,  and  the  above-men- 
tioned lines  should  be  exactly  in  the  same  vertical 
plane  at  the  time  of  reading  off  the  observation. 

On  one  side  of  the  compass-box  is  usually  a  nut 
or  stop,  which,  when  pushed  in,  arrests  the  vibratory 
motion  of  the  card  wnile  the  observer  is  noting  the 
reading. 

Ax'i-muth  Cir'ole.  The  cut  (Fig.  511)  illus- 
trates an  equatorial  dial,  according  to  Dr.  Hooker 
probably  a  KrarUi-mnt.^  or  azimuth  circle,  in  the 
observatory  at  Benares,  built  by  Jey-Sing,  Rigah 
of  Jayanagar,  upwards  of  200  years  ago. 

Dr.  Hookep  describes  the  astronomer-royal  at  the 
time  of  his  visit  as  a  "pitiful  object,"  half  naked, 
with  a  large  sore  on  his  stomach,  who  represented 
himself  as  being  very  hungry.  Science,  it  would 
seem,  has  not  been  properly  appreciated  in  that  vi- 
cinity since  the  decline  of  the  Mohammedan  power. 
See  Dr.  Hooker's  Himalayan  Journals,  London,  1855. 

The  equinoctial  and  equatorial  sun-dials  of  Be- 
nares are  considered  under  Dial,  where  it  will  be 
seen  that  the  former  has  a  gnomon  30  feet  long,  and 
is  ascended  by  steps  ;  eacn  quadrant  is  nine  feet 
long.  The  fact  of  the  ascent  by  steps  throws  inter- 
esting light  upon  the  passage  in  the  Second  Book  of 
Kings,  chap,  xx.,  where  ttie  "dial  of  Ahaz'*  (742 
B.  c.)  is  referred  to.  White  says  that  the  Hebrew 
word  signifies  a  staircase,  and  in  this  form  doubtless 
were  the  dials  of  the  Mesopotamian  nations,  and  that 
seen  at  Damascus  by  Ahaz,  and  afterwards  copied  by 


Dmss  AximiUk,    Benares. 

him  in  the  one  set  up  in  Jerusalem.  See  Astro- 
nomical Instruj^ents,  where  the  lai^ge  dial  of  Be- 
nares, referred  to  by  Dr.  Hooker,  is  ^own  on  tiie 
elevated  terrace  on  the  left.  Very  remarkable  and 
interesting  are  these  relics  which  carry  us  back  to 
the  old  times  when,  and  the  old  means  whereby,  the 
astronomei-8  of  Chaldea  and  E^ypt  observed  the 
heavens.  When  we  consider  their  great  discoveries, 
and  recollect  that  they  were  destitute  of  lenses,  as 
well  as  of  means  for  minute  and  accurate  graduation 
of  instruments,  we  may  well  hold  them  in  high  re- 
spect.    See  Armil  ;  Armillary  Sphere. 

The  sun-dial  of  Delhi  was  also  used  as  an  observa- 
tory, and  is  described  by  White,  of  the  East  Indian 
Military  Staff,  as  "a  large  circular  building,  having 
a  number  of  openings  or  windows  in  the  walls,  and 
a  pillar  or  gnomon  in  its  center.  Each  of  these 
windows  had  an  appropriate  astronomical  term,  and 
at  night  the  position  of  the  heavenly  bodies  was  de- 
fined by  the  window  or  house  in  which  it  might  be 
seen  by  a  person  stationed  at  the  pillar  ;  and  during 
the  day  the  time  was  regulated  from  the  particular 
window  through  which  the  sun  shone  on  the  gno- 
mon." The  gnomon  cast  a  shadow  on  the  circular 
wall,  which  was  graduated  for  that  purpose.  See 
Dial. 

The  gnomon  erected  by  the  astronomer  Uleg  Beg, 
in  1437,  at  Samarcand,  had  a  hight  of  175.89  feet. 

Az^i-muth  Di'aL  An  azimuth  dial  is  so  called 
because  the  shadow  marks  the  sun's  azimuth.  The 
stile,  or  gnomon,  is  perpendicular  to  the  plane  of  the 
horizon. 

Azogne.  A  Spanish  ship  fitted  for  carrying 
quicksilver. 
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Baiybitt-met'aL  An  alloy,  consisting  of  9  parts 
of  tin  and  1  of  copper,  used  for  journal-boxes ;  so  called 
from  its  inventor,  Isaac  Babbitt,  of  Boston  (patent, 
1839).  Some  variations  have  been  made,  and  among 
the  published  recipes  are 

Copper 11 

Regulus  of  antimony  ...     1        5 
Tin 10      50 

Another  recipe  substitutes  zinc  for  antimony. 

The  term  is  commonly  applied  to  any  white  alloy 
for  bearings,  as  distinguished  from  the  box-metal  or 
brasses  in  which  copper  predominates. 

Bab^itt-lng-jig.  {Machinery.)  A  tool  used 
in  babbitting  the  shafts  and  journals  of  machines. 
It  holds  the  parts  —  of  a  harvester,  for  instance  — 
in  their  respective  positions,  and  also  in  proper  rela- 
tion to  their  boxings,  so  that  the  anti-friction  mptal 
may  be  run  around  each  of  the  journals  in  succes- 
sion. 

Ba'by-Juxnp'er.  A  cradle,  basket,  or  sling  in 
which  a  child  is  suspended.  The  suspensory  cord 
is  usually  adjustable  as  to  length,  and,  being  elastic, 
permits  a  saltatory  motion. 

Ba'by-^valk'er.  A  go-cart.  A  frame  traveling 
on  casters,  and  used  to  support  an  infant  while 
learning  to  walk. 

Bao.  1.  (NaiUical.)  A  broad,  flat-bottomed  ferry- 
boat, adapted  for  conveying  horses  and  carriages,  and 
usually  navigated  by  a  rope  fastened  on  each  side  of 
the  stream. 

2.  {Brewing. )  A  cistern  with  a  perforated  metallic 
bottom,  used  for  straining  the  hops  from  the  beer 
previous  to  its  entrance  into  the  cooler.   Also  written 

Back.  The  part  of  an  object  against  which  the 
back  of  a  person  leans,  as  of  a  chair,  carriage,  etc. 

The  rear  portion  of  an  object. 

The  upper  part  of  a  thing,  as  of  an  arch,  band- 
rail,  saw,  etc. 

1.  {Forging.)  A  cast-iron  plate  forming  the  back- 
wall  of  a  forge,  and  through  which  the  blast  enters 
by  a  tuyere. 

When  the  back  consists  of  an  iron  cistern,  it  is 
called  a  waJer-back. 

When  it  consists  of  a  chamber  in  which  the  air- 
blast  is  heated,  it  is  a  heating-back. 

2.  {Bookbinding. )  The  part  to  which  the  sides  of 
the  cover  are  attached,  and  which  receives  the  letter- 
ing. 

3.  {Architedure.)    a.  The  rear  surface  of  a  wall. 

b.  The  rear  wall  of  a  fireplace. 

c.  The  extrados  of  an  arch  or  vault. 

d.  The  rear  part  of  a  stone  or  ashlar,  parallel  with 
the  face  or  exposed  surface. 

4.  {Cork-cutting.)  The  burnt  side  of  a  slab  of  cork. 

5.  {Brewing^  etc.)    A  vat  or  cistern. 

a.  Water-back:  a  supply  cistern  in  a  brewery,  etc., 
containing  water  for  mashing. 

b.^  Under-ba/ik :  a  cistern  below  the  mash-tun,  which 
receives  the  wort  therefrom. 

c.  Hop-back :  a  cistern  below  the  copper,  which  re- 
ceives the  infusion  of  malt  and  hops  from  the  latter. 

d.  Jack-back :  the  same  as  hop-hack. 

e.  (Olue-niaJcing. )  Settling-back :  a  cistern  in  which 
a  solution  of  glue  from  the  kettle  is  received  and  kept 
warm  till  the  impurities  have  time  to  settle. 

/.  {Distilling.)  JVash-ba^k :  a  cistern  or  vat  in 
which  the  wort  is  fermented  to  fonn  wash  for  distil- 
lation. 


g.  Spirit-back:  the  cistern  which  receives  the 
spirit.  ' 

In  this  sense  the  word  is  nearly  allied  to  beck  ;  as 
a  dye-be^  or  soap-beck  in  a  dye-house.    See  Beck. 

6.  {Carpentry.)  a.  The  upper  surface  of  a  hand- 
rail ;  the  under  side  is  the  breast. 

b.  The  same  distinctions  apply  to  the  ribs  of  domes 
and  rafters  of  roofs. 

e.  The  back  of  a  window  is  the  wainscoting  below 
the  sash-fi-ame  and  extending  to  the  floor. 

d.  The  upper  edge  of  a  saw  as  opposed  to  the  edge 
which  is  serrated. 

7.  {MiniTig.)  a.  The  part  of  a  lode  nearest  to  the 
surface. 

b.  The  ground  between  one  level  and  another  is 
the  back  of  a'level. 

8.  (Shipbuilding.)  a.  The  convex  surface  of  a 
compass-timber.  , 

b.  Figuratively,  the  keel  and  keelson  of  a  ship. 
'  c.  A  timber  bolted  on  behind  the  stempost. 

9.  {Nautical.)  a.  To  back  an  anchor :  to  place 
a  small  auxiliary  anchor  ahead  of  the  one  from  which 
the  ship  rides. 

b.  To  back  a  sail:  to  brace  a  yard  so  that  the 
wind  blows  in  front  of  it. 

c.  To  back  astern  :  to  give  the  vessel  stemway. 

d.  To  back  a  rope  :  to  put  on  a  preventer  to  take 
a  part  of  the  strain. 

e.  To  back  the  worming:  to  fill  the  crevices  be- 
tween the  strands,  to  bring  the  surface  flush  and 
even,  ready  for  serving. 

Baok-ao^tion  Steam-en'gine.  One  in  which 
the  connecting-rod,  pitman,  and  crank  are  so  arranged 
as  to  take  up  but  little  longitudinal  space.  The  croes- 
head  on  the  end  of  the  piston-rod  is  connected  by 
parallel  side-bars. to  a  cross-tail,  which,  by  a  back- 
wardly  reaching  pitman,  is  connected  to  the  crank 
of  the  propeller  engine.  One  of  the  side-bars  passes 
above  the  crank,  and  the  other  below  it.  Being  used 
for  propeller  engines,  the  crank  and  shaft  must  be 
amidships  and  the  engine  and  appurtenances  lie  upon 
the  floor  ath wart-ship.  "Juniata"  and  ten  sister 
vessels  of  the  United  States  navy  are  of  this  class. 

Back-4)al'aiioe  of  Eo-oen'tria  (Steam.)  The 
weight  fixed  to  the  back  of  an  eccentric-pulley  for 
the  purpose  of  balancing  the  weight  of  the  pulley  on 
the  shait. 

Back-bal'anoe  of  Slide-valve.  (Steam.) 
The  weight  fixed  at  the  extremity  of  the  valve-lever 
for  balancing  the  weight  of  the  slides. 

Baok-band.  (Saddlery.)  The  band  or  strap 
which  passes  over  the  back  of  the  horse  and  meets 
the  belly-band  ;  the  two  unite  to  girth  the  horse. 

Back-oen'ter.  (Turning.)  The  point  on  the 
back  or  dead  spindle  of  a  lathe  which  supports  that 
end  of  the  work.  The  front-center  is  on  the  live- 
spindle  in  the  heiid-stock.  It  is  set  up  by  the  back- 
center  screw.    See  Lathe. 

Back-oloth.  (Calico  Printing.)  The  cloth  sus- 
taining the  fabric  in  one  form  of  calico  printing. 

Baok-out'tiiig.  (Civil  Engineering.)  Eartn  ob- 
tained for  a  canal  bank,  when  the  excavated  earth 
does  not  suffice. 

Back'er.  (Slating.)  A  narrow  slate  laid  on  the 
back  of  a  broad,  square-headed  slate,  at  the  spot 
where  a  course  of  slates  begins  to  diminish  in  width. 

Back-flap.  (Joinep/.)  The  leaf  of  a  window- 
shutter  which  folds  inside  the  casing,  and  is  concealed 
when  closed. 
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Baok-frame.  {Rope-making.)  A  wheel  for  turn- 
ing the  whirlers  of  a  rope-making  machine.  The 
whirlers,  to  which  the  ends  of  the  strands  are  con- 
nected, are  stocked  in  the  centers  of  the  pinions 
a  a  a,  which. roll  around  inside  the  internally  geared 
ring  J,  as  the  frame  e  d  rotates.  The  frame  e  d,  with 
its  three  annular  gears  b  b  b,  and  their  ^pective 


Bodb-PVofiw. 

wheels  /  a  a  a,  are  revolved  so  that  the  wheels  / 
mesh  with  the  internal  cogs  of  the  annular  gear  e,  caus- 
ing the  wheels  aaa  of  each  system  to  rotate  on  their 
axes,  and  thereby  twist  the  yams  into  strands  ;  to 
revolve  around  each  other,  and  thereby  lay  up  their 
three  strands  into  a  rope  ;  while,  at  the  same  time, 
the  three  systems  revolve  around  each  other,  and  lay 
up  the  three  ropes  into  a  hawser  or  larger  rope. 

Back-gam'mon.  A  game  of  chance  and  skill, 
played  by  two  persons,  with  fifteen  men  each  upon  a 
board  having  twelve  black  and  twelve  red  points. 
It  is  a  Welsh  game,  and  is  said  to  have  an  antiquity 
of  a  thousand  years.  Rameses  and  his  ladies  played 
checkers.     Chess  came  from  India  ;  so  did  cards. 

Backgammon  is  mentioned  by  Chaucer,  Shake- 
speare, and  Bacon  as  "playing  the  tables," — a  name 
by  which  it  was  then  known. 

Baok-gear.  (Turning.)  The  set  of  variable 
speed  gear-wheels  in  the  headstock  of  a  power- 
lathe. 

Baokini^  1.  (Masonry,)  The  coursed  masonry 
next  to  the  extrados  of  an  arch,  and  resting  thereon. 

2.  (Fabric.)  The  web  of  coarser  or  stronger  mate- 
rial at  the  back  of  such  goods  as  velvet,  plush,  satin, 
Brussels  carpet,  etc 

8.  (PriTtting.)   Printing  the  second  side  of  a  sheet. 

4.  (Type.)  Filling  in  the  back  of  an  electrotype. 
See  Backino-i'p. 

5.  (Ship.)  The  rear  support  of  an  armor-plate. 
This  is  of  timber,  from  twice  to  four  times  the  tnick- 
ness  of  the  armor,  with  or  without  an  inner  skin, 
about  one  eighth  the  thickness  of  the  armor-plates ; 
sometimes  supported  by  vertical  frames. 

Compound  backing  consists  of  alternate  layers  of 
wood  and  iron,  in  the  usual  proportion  of  4J  wood  to 
i  plate-iron.     See  Armor-platino. 

Baok'ing-Aioarda  (Bookbinding.)  Those  be- 
tween which  a  book  is  grasped  to  be  laid  in  the  press 
while  the  "back  is  rounded.     See  Cl'TTINQ-press. 

Back'ing-ham'mer.  (Bookbinding.)  The  book- 
binder's hammer  for  rounding  the  back  of  a  book. 


Baoklng-off  (Spinning. )  The  retrograde  mo- 
tion of  the  mule  when  it  recedes  from  the  creel  and 
draws  the  yam  from  the  spools.  IXspvUing^  run- 
ning-in,  or  going-in,  is  the  motion  towards  the  creel 
when  the  winding  takes  place  on  the  spindles  of  the 
mule.     See  Mule. 

Baok'ing-up.  1.  (Engraving.)  Removing  a 
hollow  or  mark  from  the  face  of  a  plate  by  blows 
from  the  peen  of  a  hammer  applied  to  the  back,  the 
face  being  laid  on  an  anvil  or  stake.  This  mode  is 
used  bv  engravers  in  obliterating  lines  too  deep  to  be 
treated  by  the  scraper  or  burnisher. 

2.  (Tyjpe.)  The  process  of  fortifying  with  type- 
metal  the  back  of  the  thin  electrotype  plate  which  has 
been  deposited  on  the  face  of  the  mold  obtained  from 
the/ormof  type. 

The  back  of^  the  copper  shell  receives  a  thin  coat- 
ing of  tin,  and  is  then  placed  face  downward  in  a 
shallow  iron  dish  in  which  it  is  secured  by  rods.  The 
dish  is  then  suspended  from  a  crane  and  swung  over  a 
bath  of  molten  metaL  When  it  has  acquired  tne  tem- 
perature of  the  bath,  a  quantity  of  type-metal  is  dipped 
up  and  poured  over  the  back  of  the  copper  plate,  form- 
ing a  solid  backing.  A  planing-machine  reduces  Uie 
backing  to  an  even  thickness,  bringing  the  whole  to 
a  thickness  of  say  one  seventh  of  an  inch. 

Baok'ing-up  Flange.    (Machinery.)    A  collar 
on  a  pipe  by  which 
the  hitter  is  held  to  Fig  618. 

its  bearings  or  seat. 

Baok-foint  Such 
a  one  as  that  formed 
by  a  rabbet  on  the  in- 
ner side  of  a  chimney- 
jamb  to  receive  a  slip. 

Back -lash.  The^ 
reaction  or  striking 
back  of  a  piece  of  ma- 
chinerj'-,  wneel,  piston, 
etc.,  when  the  power 
makes  a  temporary 
pause,  or  a  change  of 
motion  occurs.  It  is  a  consequence  of  bad  fitting  or 
wear,  and,  in  the  latter  case,  indicates  that  the  parts 
should  be  set  up.  The  gib,  cotter,  and  strap  of  Uie 
pitman  connection  are  an  instance  of  provision  for 
said  readjustment. 

In  some  cases  springs  are  arranged  to  keep  the 
parts  in  positive  contact,  so  that  no  reflex  motion 
occurs,  to  be  taken  up  suddenly  when  the  power  is 
again  applied. 

Baok-link.  (Steam-Engine.)  One  of  the  links 
in  a  parallel  motion  which  connect  the  air-pump  rod 
to  the  beam. 

Back-pap'pet.  (Lathe.)  The  standard  which 
holds  the  back -center  of  a  lathe  on  which  one  end 
of  the  work  rests.     See  Lathe. 

Back-pres'snre  Valve.  (Hydraulica,)  A  ball 
or  clack-valve  in  a  pipe, 
which  instantly  assumes 
its  place  upon  its  seat 
when  a  renex  or  back 
pressure  occurs. 

The  figure  with    the 
arrow  shows  the  normal  i 
condition ;  the  other  fig-  [ 
ure  shows  the  valve  on 
its  seat. 

Back-rope.  (Natdi- 
col.)    One  of  the  ropes 
connecting  the  lower  end  of  the  dolphin-striker  with 
the  ship's  head. 

BacKHM-w.  A  saw  whose  web  is  stifiened  by  a 
metallic  back  of  greater  substance ;  as,  a  tenon  saw. 


Backhtg-up  FUmgt. 


Fig.  614. 


Baek-Frtssure  Vbloe. 
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Baok-flight  1.  {Fire-amu.)  The  rear  sight 
of  a  gun.  It  may  be  of  various  forms.  In  the  old- 
£E»hioned  arms  mtended  for  round  balls,  it  was 
merely  a  notch  in  a  knob  or  plate  near  the  breech 
of  the  gun,  the  proper  elevation  to  be  given  being 
estimated  by  the  marksman.  As  the  effective  range 
scarcely  exceeded  250  to  800  yards,  this  could  be 
done  with  sufficient  accuracy  by  an  expert  marks- 
man ;  but  with  the  introduction  of  the  elongated 
bullet,  giving  ranges  of  1,000  yards  and  upward,  it 
became  necessary  to  seek  some  more  efficient  means 
of  securing  the  proper  range  at  these  long  distances, 
so  that  the  ballet  might  not  either  pass  over  or  fall 
short  of  the  object   For  this  purpose  was  introduced 


Fig.  516 
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the  rear-sight  (a.  Fig.  515),  consisting  of  an  upright 
slotted  branch,  which  was  jointed  to  a  seat  on  the 
barrel  of  the  ^n,  or,  in  some  instances,  on  the  small 
of  the  stock  in  rear  of  the  barreL  A  notched  slider 
on  the  upright  branch  could  be  elevated  as  desired, 
and  by  elevating  the  muzzle  of  the  gun  until  this 
notch  and  the  front-sight  were  in  line,  any  range 
within  the  limit  of  projection  of  the  piece  could  be 
attained. 

This  sliding  sight  has,  in  the  United  States  ser- 
vice, been  superseded  by  the  leaf-si^ht  (6,  Fig.  515), 
which  is  more  comiMuit  and  less  liable  to  derange- 
ment.    Also  called  Folding- Sight. 

Other  back-sights,  especially  those  first  introduced 
in  Southern  Germany,  have  been  made  very  differ- 
ent in  form  from  those  described  ;  one  variety  (c. 
Fig.  515)  being  permanently  fixed  perpendicularly 
to  the  barrel,  and  having  notched  holes  at  proper 
hights  through  which  to  sight,  and  another  {d. 
Fig.  515)  being  segmental  in  shape,  and  moving 
circularly  in  a  direction  longitudiaal  to  the  barrel 
through  a  stud  fixed  thereon. 

Another  form  of  back-sight  («?,  Fig.  515)  vertically 
a^justeble  for  range,  and  attached  to  the  stock,  has 
a  graduated  spring-piece  slipping  within  a  vertical 
slot  in  the  small  of  the  stock,  and  is  adjusted  as  re- 
quired. Its  spring  retains  it  in  place,  or  it  may  be 
clam])ed  by  a  set-screw  or  lowered  below  the  line  of 
the  hind-sight  on  the  barrel. 

2.  {Leveling,)  The  reading  of  the  leveling-staff ; 
taken  back  to  a  stotion  which  has  been  passed.  Read- 
ings on  the  forward  stafl'are/orc-si^hte. 

BaokHitafT.  (Optics.)  A  peculiar  sea-quadrant, 
invented  by  Captain  Davis,  1590.  It  has  a  graduated 
arc  of  90*  united  to  a  center  by  two  radii,  with  a  sec- 
ond arc  of  smaller  radius,  but  measuring  6'  on  the  side 
of  it.  To  the  first  arc  a  vane  is  attached  for  sight ; 
to  the  second,  one  for  shade  ;  at  the  vertex  the  hori- 
zontal vane  has  a  slit  in  it.     The  back  of  the  ob- 


server is  turned  towards  the  sun  at  the  time  of  obser- 
vation.    (Admiral  Smyth.) 

It  is  now  superseded  by  instrumente  of  more  mod- 
em type,  such  as  the  reflecting  quadrant  and  sextant. 

BackHitay.  (Shipbuilding,)  One  of  the  guy- 
ropes,  just  abaft  the  shrouds,  extending  from  all 
topmast^heads  to  the  sides  of  the  ship,  to  stay  the 
masts.  They  are  attached  to  back-stay  stools,  which 
are  detached  channels  or  chain-wales. 

BackHitrap.  (Saddlery.)  The  strap  passing 
along  the  back  of  the  horse. 

In  wagon  harness  it  extends  firom  the  upper  Jiame- 
strap  to  the  crupper  ;  or,  in  the  absence  or  a  cnipper, 
to  a  point  of  junction  with  the  hip-straps. 

In  carriage  harness  it  extends  from  the  gig-saddle 
to  the  crupper. 

BackHi-word.  A  sword  with  one  sharp  edge,  in 
contradistinction  to  one  which  has  two  edges  through- 
out the  whole  or  a  portion  of  its  length. 

Baok-tooL  (Bookbinding.) 
A  fillet,  roller,  or  other  hand-  Fig.  51«. 

tool  for  417-tooling  or  gilding 
the  backs  of  books. 

Baok^'W^-ter.  (Hydraulic 
Engineering. )  Water  reserved 
at  high  tide  for  scouring  a 
channel  or  harbor  by  dischai^e 
at  low-tide.     See  Flushing.* 

Bad'ger  Plane.  (Joining.) 
A  paiul  plane  whose  mouth  is 
cut  on  the  skew,  and  from  side 
to  side,  so  as  to  work  up  close 
to  a  comer  in  making  a  rabbet 
or  sinking. 

Ba-dig'eon.  A  cement  for 
stopping  holes  and  covering 
defects  in  work. 

Statuary's:  plaster  and  free- 
stone. 

Joiner^ s :  sawdust  and  glue ;  { 
whiting  and  glue  ;  putty. 

Cooper's  :  tallow  and  chalk.  Baeh-lboL 

SUme  -  mason's :    wood  -  dust 
and  lime  slaked  together,  with  stone-powder  or  si- 
enna for  color,  and  mixed  with  alum-water  to  the 
consistence  of  paint. 

Ba'e-tas.  (Fahric.)  A  plain  unchecked  woolen 
stuff,  manufactured  in  Spain  and  Portugal. 

Baft,  Baft^aa,  Baf fe-tas.  (Fabric.)  a.  A  blue 
or  white  cotton  goods,,  used  in  the  African  trade. 

b.  A  kind  of  East  Indian  cotton  piece-goods. 

Bag  and  Bpoon.  (Hydraulic Engineering.)  An 
implement  used  in  dredging  for  river  sand. 


Boig  fffux  Spooti. 

It  is  a  hoop  of  iron  with  a  steel  lip,  and  has  one 
edge  pierced  with  holes,  for  the  attachment  of  a 
leather  bag  by  lacing.  The  spoon  is  sus|)ended  by 
a  chain,  and  has  a  long  handle  by  which  it  is  guided. 
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Being  sank  in  position,  it  is  drawn  along  the  bot- 
tom, hoisted  by  a  crane,  and  dumped  into  a  lighter 
or  mud  barge.  The  bag  is  perforated  for  the  escape 
of  water.  The  cut  shows  the  bag  overboard,  and 
about  to  be  sunk  to  the  bottom  by  means  of  the 
pole. 

Ba-gasse'  Dry'er.  Bagasse  is  crushed  cane  as 
it  comes  from  the  mill,  deprived,  to  a  great  extent, 
of  its  juice  and  saccharine  matter  ;  also  of  the  leaves, 
which  are  stripped  from  it  previous  to  grinding. 
According  to  Wray,  good  mills  only  extract  from  70 
to  75  per  cent  of  the  saccharine  matter  which  analy- 
sis shows  to  be  present  in  the  cane,  and  the  remain- 
der, after  the  water  is  evaporated,  joins  with  the 
fiber  and  other  carbonaceous  matters  to  form  a  fuel, 
coal  and  wood  being  very  expensive  in  sugar-cane 
reffiokis. 

The  bagasse  is  sometimes  carted  to  the  field,  to  be 
dried  by  the  sun,  but  a  number  of  United  States 


patents  have  been  granted  for  apparatus  for  drying 
it  by  artificial  heat.  Other  furnaces  are  constructed 
merely  for  burning  it  to  get  rid  of  it.  Vast  piles  of 
it  accumulate  round  the  mill-houses. 

In  Merrick's  patent  of  April  10,  1845,  the  ba- 
gasse is  transferrea  to  an  inchned  chute,  whence  it 
IS  taken  by  an  endless  apron,  which  passes  around 
reels  or  drums,  and  conducts  it  through  a  series  of 
three  heated  compartments,  finally  depositing  it  on 
a  plate  or  platform  in  front  of  the  furnace,  or  other 
convenient  position. 

Another  form  of  the  Bagasse  Dryer  consists  of  an 
inclined  open-ended  cylinoer,  having  a  steam  jacket 
and  hollow  bolts,  through  which  escapes  the  water 
evaporated  from  the  cane.  The  steam  is  introduced 
through  hollow  trunnions,  and  the  dryer-tube  is  ro- 
tated by  pinion  and  annular  gear,  as  shown  in  the 
figure.  The  material  is  fed  in  at  the  upper  end,  and 
works  gi-adually  to  the  lower  end,  where  it  forms  a 


Fig.  618. 


Bagasse  Dryer. 


pile  of  dry  stuff,  and  is  forked  into  the  furnace  be- 
neath the  sugar-pans  and  the  engine  which  runs  the 
establishment. 

Ba-gasse'  Fnr'naoe.  A  furnace  for  consuming 
the  bagasse  (or  megass),  the  cane  remaining  after  the 
pressure  of  the  saccharine  juice  therefrom.  It  gen- 
erally consists  of  a  kiln  or  large  chamber  with  a  flue 
to  the  furnace-space  beneath  Uie  boilers  which  make 
steam  for  the  cane-mill. 

The  principal  reason  for  burning  it  is  to  get  rid 
of  it,  as  it  accumulates  around  the  sugar-house  and 

Fig.  619. 


Bagasse  Furnace. 

becomes  quite  a  nuisance.  By  dint  of  making  a 
roaring  fire,  it  may  be  consumed,  and  perhaps  add 
something  more  to  the  fire  than  it  subtracts  by  the 
evaporation  of  its  water.  The  example  (Fig.  519) 
shows  it  as  dumped  in  a  pile  upon  the  grating  above 
the  fire.     The  heat  resulting  from  the  combustion 


of  the  bagasse  and  fuel  thence  passes  beneath  the 
boilers  which  drive  the  sugar-mill,  and,  in  some  sogar- 

Fig.  620l 


Bagasse  Fttmaet. 

houses,  heat  the  vacuum-pans,  defecators,  surface- 
evaporators,  and  run  the  pumping-engines. 
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Fig.  520  shows  a  furnace  for  burning  the  cane- 
refuse,  and  the  relation  of  the  furnace  proper  a  to 
the  dischiuge-apron  b  of  the  cane-mill,  the  feeding 
devices  c  c  and  the  furnace  d,  of  the  st^m-boilers. 
The  ba^^sse  does  not  pass  beneath  the  boilers,  but 
the  flame  of  the  furnace  a  is  carried  into  b  through 
the  flue  e,  and  additional  air  is  admitted  beneath 
the  grating  of  d  by  dampers  in  the  ash-pit. 

Bag-olasp.  A  clamp  or  cincture  for  closing  the 
mouths  of  bi^s.     See  Bao-fasteneb. 

Bag-faBt'en-er.  A  device  for  clamping  or  tying 
the  mouths  of  bags  below  the  hem.  A  substitute 
for  a  bag-string. 

A  number  of  different  modes  are  shown  in  the 
illustration,  and  will  be  briefly  described. 


Fig.  621. 


Bag-FBaU9urs. 


CL,  A  sheet-metal  tag,  with  a  curved  tapering  slot, 
is  permanently  attached  to  one  end  of  the  string. 
The  other  end  of  the  string  becomes  jammed  in  the 
slit. 

b.  The  metallic  tag  attached  to  one  end  of  the 
string  has  a  thimble  in  which  the  other  end  of  the 
string  is  jammed  bv  a  wedge. 

c.  One  end  of  the  string  has  a  permanent  ring. 
The  other  end  is  rove  through  an  eyelet  in  itself, 
and  jams  against  the  ring. 

d.  One  loop  is  permanently  attached  to  a  slotted 
lever.  The  latter  is  rove  through  the  other  loop  and 
turned  over  beyond  the  dead-center,  so  as  to  jam  the 
loop  ag&inBt  the  standing  part. 

e.  Tne  standing  end  is  rove  through  two  holes  in 
the  tag,  and  forms  a  loop  which  jams  down  upon  the 
point  end  of  the  cord. 

/.  The  point  end  is  jammed  between  two  pivoted, 
cogged  sectors. 

g.  The  perforated  leather  tag  is  riveted  to  the  bag, 
and  the  thong  is  rove  through  the  holes  so  as  to  bind 


h.  One  end  of  the  coi*d  is  knotted  to  the  loop  of 
the  wire.  The  other  end  is  passed  round  the  oag 
and  jammed  between  the  jaws. 

i,  A  pair  of  hinged  clasps  whose  free  ends  interlock. 

j.  A  spring  device,  acting  in  the  manner  of  a 
brooch  ;  a  spring  pin  engaging  a  catch. 

k,  A  lever  attacned  to  one  end  of  the  cord  engages 
a  loop  on  the  other  end,  and  is  thrown  over  to  carry 
the  loop  to  a  curved  portion,  which  holds  it  securely. 

I.  Similar  to  the  last^  but  having  a  means  of  ad- 
justment. 


Bag-fil'ter.     (Sngar-Rejmmg.)    A  device  some- 
times used  in  clearing  saccha- 
rine solutions  of  feculendes  ^K-  622. 
and  impurities  mechanically 
suspended  therein. 

In  one  form  the  juice  is  al- 
lowed to  pass  through  a  series 
of  copper-wire  sieves  of  grad- 
ually increasing  fineness  be- 
fore reaching  the  flannel  bag ; 
perhaps  the  more  usual  form 
IS  that  in  which  the  sieves  are 
replaced  by  the  series  of  ver- 
tical flannel  sti-ainers  arranged 
in  a  lower  chamber,  having 
a  stopcock,  into  which  the 
juice  IS  admitted  from  a  com- 
partment above. 

The  example  consists  of  a 
sirup-cistern  S^  in  whose  floor 
are  short  pipes  of  conical  form, 
to  which  nannel  bags  /  are 
tied.  The  juice,  passing  down  / 
each  of  the  pipes,  distends  the 
bags,  and  dnps  down  their  Bag-Filter. 

outer  surfaces,  collecting  in 
the  chamber  below,  whence  it  is  drawn  by  a  faucet. 

Bag-frame.  The  metallic  frame  to  which  the 
leather  or  cloth  part  of  a  carpet-bag  or  valise  is 
secured,  serving  to  impart  stiffness  and  afford  means 
of  attachment  for  the  nandle  and  lock. 

Fig.  628- 


Bag-FhMme. 

Bag'gage-oheok.  A  tag  or  label  to  be  attached 
to  a  trunk,  to  indicate  its  destination ;  usually,  also, 
its  point  of  departure,  and  frequently  the  name  of 
the  railway  company  attaching  the  said  check. 

The  devices  are  numerous. 

a  (Fig.  624)  shows  a  check  or  label-holder  of  two 
metallic  portions  which  form  a  frame  for  the  inclosed 
card,  on  which  is  inscribed  the  name  of  the  place  of 
destination.    This  is  used  also  for  mail-bags. 

6  is  a  lock-up  case  for  a  number  of  such  cards, 
either  of  which  is  exposed  at  the  opening  as  may  be 
required. 

c  has  two  series  of  numbers  on  wheels,  and  the 
places  of  departure  and  destination  are  indicated  by 
numbers  agreeing  with  the  schedule  of  stations. 

d  has  the  pli^es  of  departure  and  destination  on 
the  respective  sides.  Either  of  the  readings  may  be 
hidden  by  the  strap  which  is  rove  through  the  loop 
at  the  other  end  from  that  of  its  attachment  to  the 
check.  On  the  return  trip,  the  other  side  of  the 
check  is  exposed  by  the  inverse  reeving  of  the  strap. 

6  has  a  disk  with  a  circumferentiuly  numbered 
margin.  A  number  agreeing  with  the  schedule-num- 
ber of  the  station  for  which  the  baggage  is  bound  is 
exposed  at  the  opening  in  the  plate.  By  an  arrange- 
ment of  the  strap,  the  latter  is  made  to  hold  me 
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diak,  80  as  to  secoie  the  required  presentation 
figure. 

Fig.  624. 


of 


Baggage- Ckeeka. 

/  has  the  series  of  station-numbers  in  a  row  ;  the 
strap  is  so  rove  through  the  slots  as  to  indicate  the 
station  (29)  at  which  the  baggage  is  to  be  put  off. 

^  is  a  metallic  case  inclosing  a  card  with  the  num- 
beis  of  the  stations  printed  thereon.  A  punch-mark 
indicates  the  station  of  destination  (14  in  the  il- 
lustration). The  strap  holds  the  parts  of  the  case 
together,  being  rove  tnrough  the  loops. 

A  has  a  dial-plate  and  pointers,  which  indicate  the 
station  of  departure  and  destination. 

i  is  a  metallic  disk  with  radial  slots  and  corre- 

3)onding  numbers.  The  strap  is  so  rove  through  the 
ots  as  to  give  the  required  indication. 

Bag'ga-la.  (Naviiml.)  A  two-masted  Arabian 
vessel,  frequenting  the  Indian  Ocean.  A  dhow.  The 
capacity  is  from  200  to  250  tons. 

Bag'giiig.  (Fabric.)  1.  A  coarse  fabric  made 
of  old  ropes,  hemp,  etc.,  for  covering  cotton-bales. 

2.  The  gunny-cloth  of  India  is  made  from  jute. 
In  Bengal,  from  one  or  two  species  of  Oorchorus;  in 
Bombay  and  Madras,  from  the  Cfrotalaria  juncea. 

Bag-hold'er.  A  contrivance  to  hold  up  a  bag 
with  the  mouth  open  ready  for  filling.  There  are 
many  forms,  —  some  adapted  for  laige  ^rain-bags, 
others  of  a  smaller  size  for  flour,  seeds ;  still  smaller, 
for  ordinary  groceries  and  counter  use. 

a  has  a  platform  on  which  the  sack  stands,  and  its 
weight  spreads  the  horns  within  and  distends  the 
mouth  of  the  sack. 


b  has' a  holder  adjustable  as  to  bight,  and  a  hop- 
per to  which  the  mouth  of  the  bag  is  attached. 
c  has  clasping  bars  operated  by  a  foot-trigger. 

rig.  635. 


Bag-Hdldar, 

Bag-look.  a.  A  peculiar  form  of  lock,  na^  for 
satchels,  etc,  frequently  merely  &  padlock.  There 
are  many  varieties, — snap-latches,  cbsps,  thumb  and 
key  bolts,  etc.  In  the  illustration  are  shown  several 
varieties,  which  do  not  require  explicit  description. 

FIg.6as. 


Bag  Locks. 


b.  A  lock  for  mail-ba^s,  usually  some  form  of  pad- 
lock, seal-lock,  or  shacKle. 

Bag-ma-ohine'.  A  machine  for  makine  bags 
of  paper  or  textile  fabric.  The  term  is  usueSly  ap- 
plied to  machines  which  make  paper-begs  for  sales- 
men's and  domestic  uses.  In  some  of  these  the  paper 
is  handled  as  in  an  envelope-machine,  blanks  or  a 
certain  size  and  shape  being  previouslv  cut  out ; 
these  are  fed  one  at  a  time  to  the  machine,  either 
automatically  or  by  hand,  and  are  gummed,  folded, 
and  delivered  in  a  pile.  In  other  machines,  the  pa- 
per is  made  up  into  a  hollow  tube,  like  a  stove-pipe, 
and  is  fed  to  the  machine  which  makes  an  oblique 
cut,  forming  a  flap  which  doubles  over  to  close  the 
bottom  of  tne  bag  at  a  subsequent  operation.  See 
Papeb-bao  Machine. 

Looms  are  constructed  specially  for  making  seam- 
less bags,  having  a  circular  shed  for  that  purpose. 
After  making  the  length  of  two  bags,  the  sneds  are 
united,  so  that  the  tubular  portion  is  closed  and  a 
single  web  of  double  thickness  is  formed.  ^  A  couple 
of  inches  of  this  is  enough,  and  by  a  transverse  mid- 
way cut  this  double  portion,  thus  divided,  forms  the 
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closure  of  two  bag-bottoms.  The  double  bag-lenffth 
of  the  tubular  portion  is  also  transversely  divided 
midway,  the  cut  forming  the  mouths  of  two  bags. 

Bc^^net.  (Fishing.)  A  landing-net,  or  net  bag- 
shaped,  for  sweeping  a  stream,  or  to  be  set  in  a 
stream  to  catch  nsh. 

Bag'nette.  (Architecture.)  A  small  molding,  like 
the.  astragal.  When  enriched  with  foliage,  it  is  called 
a  chapUt ;  when  plain,  a  fuad. 

Bsig'pipas.  An  ancient  Greek  and  Roman  in- 
strument. The  leathern  bag  receives  air  through  a 
valved  tube  from  the  lungs  or  a  bellows,  and  is  squeezed 
by  the  arm  to  drive  the  air  into  the  pipes,  which  are 
operated  by  the  performer.  The  baas  pipe  is  called 
tne  drone,  and  tne  tenor  or  treble  pipe  uie  ch^mter. 
It  is  now  considered  a  Scotch  or  Irish  musicfd  in- 
strument, thoujy^  Nero  is  reported  to  have  solaced 
his  gentle  mind  with  its  strains.  Formerly  common 
throughout  Europe,  it  is  now  nearly  restricted  to 
Sootlimd,  Ireland,  parts  of  France,  and  Sicilv. 

It  is  the  common  country  instrument  of  tne  Pun- 
iaub.  The  Sikh  instrument  rather  resembles  the 
Italian  pfiferari  than  the  pipes  of  the  Scottish  High- 
landers. 

"  After  dinner  we  had  a  fellow  play  well  upon  the 
bagpipes,  and  whistle  like  a  bird  exceeding  welL" — 
P(Cpy««  I>iary,  May,  1661. 

Its  notes  are  remarkable  for  power  rather  than 
sweetness,  and  require  uncommon  skill  in  the  per- 
former to  render  them  even  moderatdy  pleasing  to 
a  cultivated  ear,  unless  from  the  force  of  habit  or 
the  associations  connected  with  the  instrument.  De 
ffustibtu  non  est  disputandum, — the  Romans  flavored 
their  sausages  with  asafetida. 

Pipers  are  still  attached  to  the  Highland  regiments 
in  the  British  service. 

The  antiquarian  notices  of  the  instrument  are  in 
the  Muawrgia  of  Luscinius,  1536,'  and  in  "Don 
Quixote." 


The  Irish  bagpipe  was  originally  the  same  as  the 
Scotch,  but  they  now  differ  in  having  the  mouth- 
niece  supplied  by  the  bellows  A,  which,  being  filled 
by  the  motion  of  the  piper's  arm,  to  wMch  it  is  fas- 
tened, fills  the  bag  B ;  whence,  by  the  pressure  of 
the  other  arm,  the  wind  is  conveyed  into  tiie  chanter  \ 


ng.628. 


C,  which  is  played  on  by  the  fingers  like  the  com- 
mon pipe.  By  means  of  a  tube  the  wind  is  conveyed 
into  drones  a  a  a,  which,  being  tuned  at  octaves  to 
each  other,  produce  a  kind  of  cronan  or  bass  to  the 
chanter. 

The  lower  cut  represents  the  improved  or  union 
pipes,  the  drones  of  which,  tuned  at  thirds  and  fifths 
by  the  regulator,  have  keys  attached  to  them  so  as 
to  produce  chonls,  parts  of  tunes,  or  whole  tunes, 
even  without  using  the  chanter.  Both  drones  and 
chanter  may  be  rendered  quiescent  by  stops. 

Bag-pump,  (ffydraulies,)  A  form  of  bellows- 
pump  in  which  the  valved  disk 
a,  wnich  takes  the  place  of  the 
bucket,  is  connected  with  the 
base  of  the  barrel  by  an  elastic 
bag  distended  at  intervals  by 
rings.  It  is  described  by  Dr. 
Robinson  in  his  "Mechanical 
Philosophy."  It  is  much  older, 
however,  than  this  work,  and 
has  been  invented  a^ain  and 
again,  from  time  to  time. 

Bag-reel  (Nautical)  The 
lowest  reef  of  a  sail. 

Bags.  (Porcelain,)  The  flues 
in  a  porcelain  oven  which  ascend 
on  the  internal  sides  and  enter 
the  oven  at  elevated  points,  so 
as  to  heat  the  upper  part.  See 
Oven. 

Bag-tie.  See  Bag-fastener. 

Bag-weigh'er.  A  form  of 
steelyard  adapted  for  this  pur- 
pose.    See  Steelyakd. 

BaiL    The  arched  handle  of  Bag-Pimp. 

a  kettle  or  bucket,  to  which  it  is  usually  connected 
by  loops  called  ears,  on  the  latter.  The  ends  are 
usually  bent  around  the  ears,  so  as  to  be  permanent, 
though  loosely  attached ;  but  sometimes  the  bail  is 
jointed,  and  adapted  to  be  hooked  to  the  ears  as  oc- 
casion may  require. 

The  baus  ot  common  wooden  buckets,  such  as  are 
used  in  the  house  or  sugar-camp,  have  their  hooked 
ends  inserted  into  perforated  metallic  plates,  or  ears, 
which  are  tacked  to  the  staves. 

The  crane-ladle  of  the  foundry  has  a  bail;  the 
smaller  ladles  have  crutched  handles. 

Bails.  (Nautical.)  The  frames  that  support  the 
awninff  or  tilt  of  a  boat. 

Bail-aooop.  A  scoop  or  pivoted  trough,  designed 
for  draining  bodies  of  water. 

That  shown  in  the  cut  was  contrived  by  Mr.  W. 
Fairbaim,  and  is  adapted  to  be  worked  by  the  sin^^ 
acting  Cornish  engine. 

The  scoop  S  turns  on  a  center  at  O;  its  other  end 
is  connected  at  i^  to  the  end  of  the  engine-beam  B, 
supported  on  a  suitable  foundation  J^.  i>  is  the 
drain,  and  L  the  level  of  the  water  in  the  river  or 
place  of  discharge.  The  stroke  of  the  engine  raises 
a  weight  suspended  from  the  beam  and  depresses  the 
end  jR  of  the  scoop,  into  which  water  is  admitted 
through  the  upwaroly  opening  valves  V,  The  weight 
then  descends  by  its  own  gravity,  elevating  the  im- 
mersed end  of  uie  scoop  sufficiently  to  discharge  its 
contents  into  the  water  at  L,  The  dip  may  be  r^^- 
lated  by  shifting  the  connecting-rods. 

The  scoop  is  made  of  boiler  plate-iron,  and  is  25 
feet  long  and  30  wide,  with  two  partitions  across  it 
to  strengthen  the  sides  and  affonl  bearings  for  the 
valves.  Seventeen  tons  of  water  can  be  raised  at 
each  stroke  by  this  machine,  and  with  an  engine 
of  60-horse  power  it  will  do  a  duty  equal  to  &ee 
pounds  of  coal  per  horse-power  an  hour. 
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Finrbaim^s  BaUrScoop. 

Bait-milL  A  machine  used  by  the  *'  Bank  " 
fishermen  for  cutting  fish  into  bait.  It  is  an  oblong 
wooden  box,  standmg  on  one  end,  and  contains  a 
roller  armed  with  knives,  and  turned  by  a  crank  on 
the  outside. 

It  resembles  in  form  and  operation  a  satLsage-cvit- 
ting  machine,  but  delivers  a  coarser  product. 

Baize.  {Fabric.)  A  coarse  woolen  fabric  with  a 
long  nap,  principally  used  for  covering  tables,  screens, 
etc.     Jirst  made  at  Colchester,  England,  in  1660. 

**  Bought  me  a  new  black  baize  waistecoate,  lined 
with  silk."  —  Pepys,  1663. 

"Sir  Thomas  Clifford  talked  much  of  the  plain 
habits  of  the  Spaniards  :  how  the  king  and  lords 
themselves  wear  but  a  cloak  of  Colchester  bavze, 
and  the  ladies  mantles,  in  cold  weather,  of  wkite 
flannell ;  and  that  the  endeavours  frequently  of  set- 
ting up  the  manufactory  of  making  these  stuffs  there, 
have  only  been  prevented  by  the  Inquisition." — iWrf., 
February,  1667. 

Ba-la-lai'ka.  (Music,)  A  musical  instrument  of 
the  bandour  kind,  of  very  ancient  Sclavonian  origin. 
It  is  in  common  use  both  with  the  Russians  and 
Tartars.  According  to  Niebuhr,  it  is  also  frequent 
in  Egypt  and  Arabia.  The  body  of  it  is  an  oblong 
semicircle,  about  six  inches  in  length,  with  a  neck 
or  finger-board  of  two  feet.  It  is  played  on  with  the 
fingers,  like  the  bandour  or  guitar,  but  has  only  two 
wires,  one  of  Which  gives  a  monotonous  bass,  and  by 
the  other  the  air  is  produced. 

Bid'anoe.  The  word  balance  is  applied  to  many 
things:  some  in  reference  to  their  resemblance  to 
the  oscillating  beam  of  the  scales,  such  as  the  bqZ- 
ance-beam  or  working-beam  of  some  forms  of  steam- 
engines  ;  the  bcUancc-Jiandle  of  a  table-knife,  which 
is  weighted  to  lift  the  blade  from  the  table-cloth  ; 
the  balance-beam  of  a  crane  whose  jib  is  poised  on 
the  post ;  the  balaiice,  or  pivoted  beam  of  one  form 
of  electrometer ;  the  balance-thermometer^  which  is 

Soised  on  a  stem,  and  is  thrown  out  of  equipoise  by 
uctuations  in  the  length  of  the  column  of  contained 
mercury. 

The  balance-cock  of  a  watch  affords  a  bearing  for 
the  upper  pivot  of  a  watch-balance. 

The  balance-plate  and  balance-ring  are  parts  for 
sustaining  the  upper  pivot  of  a  watch-balance.  They 
differ  in  shape,  but  tnat  is  their  function. 

The  balance-spring  is  the  hair-spring  which  gives 
the  recoil  motion  to  the  oscillating  balance-wheely 
whose  pulsations  determine  the  rate  of  movement  oi 
the  timekeeper. 

The  balance-verge  is  the  arbor  of  the  balance,  and 
carries  the  pallets  which  act  upon  the  scape-wheel. 

The  balance-iaeiglU  is  a  shifting  weignt  to  poise 
the  balance,  or  a  counterweight  to  balance  the  weight 
of  other  attached  parts,  as  in  the  driving-wheel  of 


a  locomotive,  etc.  ;  or  a  weight  to  partially  coun- 
terbalance the  weight  of  a  valve,  and  enable  it 
to  be  lifted  more  readily. 
The  electric  balance  is  a  form  of  electrometer. 
The  kygrometric  balance  is  a  form  of  hygrome- 
ter, in  which  the  absorption  of  moisture  destroys 
the  equipoise  of  a  balanced  beam. 

The  hydrostatic  bala/iice  is  a  modification  of  ihe 
ordinary  balance,  for  the  purpose  of  obtaining 
specific  gravities. 

The  steam-balance  is  the  ordinary  safety-valve 
which  has  a  weighted  lever.  It  was  invented  by 
the  illustrious  Dr.  Papin,  of  Blois. 

The  torsion-balaiux  is  a  delicate  electrometer, 
in  which  a  horizontal  bar  is  suspended  from  a 
'  wire  which  is  twisted  by  the  magnetic  attraction 
or  repulsion. 
The  specific-gravity  balance  was  due  to  the  dis- 
covery of  Archimedes. 

The  **  Book  of  the  Balance  of  Wisdom,"  by  Al- 
Kh&zini,  of  the  twelfth  century,  is  a  treatise  on  the 
specific-gravity  balance,  which  he  credits  to  Archi- 
medes, narrating  the  story  of  Hiero  and  the  Syra- 
cusan  goldsmith ;  €uid  which,  as  he  says,  **  is  founded 
upon  geometrical  demonstrations,  and  deduced  from 
pnysiod  causes,  in  two  points  of  view  :  1.  As  it  im- 
plies centers  of  gravity,  which  constitute  the  most 
noble  and  elevat^  department  of  the  exact  sciences, 
namely,  the  knowledge  that  the  weights  of  heavy 
bodies  vary  in  projwrtion  to  the  differences  in  dis- 
tance from  a  point  in  common,  —  the  foundation  of 
the  steelyard  ;  2.  As  it  implies  a  knowledge  that  the 
weights  of  heavy  bodies  vary  according  to  difference 
in  rarity  or  density  of  the  liquids  in  which  the  body 
weighed  is  immersed,  —  the  foundation  of  the  balance 
of  wisdom."  The  book  of  the  Saracenic  philosopher 
was  translated  by  Chev.  Khanikoff,  Russian  Consul- 
General  at  Tabriz,  Persia ;  and  an  English  transla- 
tion is  in  the  sixth  volume  of  the  "Journal  of  the 
American  Oriental  Society,"  New  Haven,  1860. 

In  connection  with  the  subject  of  the  great  relative 
weight  and  accepted  theory  of  the  value  and  purity 
of  gold,  the  pious  Moslem  enters  the  following  pro- 
test:— 

"When  the  common  people  hear  from  natural 
philosophers  that  gold  is  the  most  equal  of  bodies, 
and  the  ore  which  has  attained  to  perfection  of  ma- 
turity at  the  goal  of  completeness,  in  respect  to 
equilibrium  [stability  of  cnaracter,  under  circum- 
stances which  dissolve  or  destroy  other  metals],  they 
firmly  believe  that  it  has  gradually  come  to  that  per- 
fection by  passing  through  the  forms  of  all  [other] 
bodies,  so  that  its  gold  nature  was  originally  lead, 
afterwards  became  tin,  then  brass,  then  silver,  and 
finally  reached  the  perfection  of  gold  ;  not  knowing 
that  the  natural  philosophers  mean,  in  saying  so, 
only  something  hke  what  they  mean  when  they 
speak  of  man,  and  attribute  to  him  a  completeness 
and  an  equilibrium  in  nature  and  constitution,  — 
not  that  man  was  once  a  bull  and  was  changed  into 
an  ass,  and  afterwards  into  a  horse,  and  after  that 
into  an  ape,  and  finally  became  man." 

This  has  been  wrongly  quoted  ;  it  is  not  fair  to 
call  Al-Kh&zint  a  Darwinian. 

The  balance  of  Archimedes  was  a  beam,  with  bowls 
suspended  from  fixed  points  at  each  end,  and  a  mov- 
able weight  adjustable  on  one  arm  of  the  beam,  which 
was  ^;raduated  from  the  fulcrum  to  the  point  of  sus- 
pension of  one  of  the  bowls.  By  adjustment  on  the 
arm,  the  weight  was  made  a  counterpoise  equal  to 
the  difference  between  the  weights  in  the  respective 
bowls. 

The  balance  of  Mohammed  Bin  2^kazty&  differed 
from  that  of  Archimedes  by  the  introduction  of  the 
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indicator-needle  attached  to  the  beam,  and  called  by 
the  Arabs  the  tonguo,  and  by  the  substitution  of  a 
movable  suspended  scale  for  the  movable  weight  to 
balance  the  difference  between  scales.  Both  were 
described  and  exhibited  by  Al-Kh&zinl  in  his  work 
above  referred  to. 

1.  The  original  form  of  weighing  scales  was  prob- 
ably a  bar  suspended  by  the  middle,  and  with  a 
board  or  shell  suspended  from  each  end,  one  to  con- 
tain the  weight,  and  the  other  the  matter  to  be 
weighed.     Parts  of  the  original  picture  (Fig.  630) 


Egyptian  SctUes. 

are  defaced  by  time,  as  indicated.    An  ancient 
tian  balance,  consisting  of  a  wooden  beam  ana  a 
piece  of  lead  at  the  end  for  a  weight,  was  found  at 
Sidckarah. , 

In  early  times,  before  the  coinage  of  money,  the 
precious  metals  were  weighed  out,  and  the  duty  of 
weighing  was  regulated  by  the  municipality,  and 
attended  to  by  public  weighere,  as  we  see  in  the 
"Egsrptiaa  monuments  and  read  in  classic  literature. 

Abraham  paid  for  the  land  he  bought  in  silver, 
weighing  it  out  to  Ephron,  400  shekels  of  silver. 

The  sons  of  Jacob  also  paid  for  the  wheat  they 
bought  in  Egypt  at  a  given  price  in  metal,  weighed 
out  to  the  officers  of  Joseph. 

For  the  early  uses  and  gradual  improvement  in 
theproduction  of  coin,,  see  Coinage. 

The  "  balance  "  of  the  Bible  was  similar  to  that 
of  Egypt,  the  ends  of  equal  length,  and  the  beam 
sospenaed  by  its  mid-length.  The  frequent  refer- 
ence to  false  and  unequal  balance  shows  that  the 
lever-balance  on  the  "steelyard"  principle  was  un- 
'  known  to  them. 

The  lever  of  unequal  lengths  on  each  side  of  its 

Soint  of  suspension  affords  a  convenient  mode  of 
etermining  weights  of  various  objects  with  but  a 
single  weight,  the  object  being  suspended  from  the 
end  of  the  shorter  arm,  while  the  bob  is  shifted 
along  the  graduated  longer  arm  until  it  forms  an 
exact  counterpoise  for  the  object  weighed.  This  is 
called  the  steelyard,  probably  from  its  material  and 
former  length  in  England,  and  is  also  known  as  the 
Itoman  Balance  {Statera).     See  Steelyard. 

Balances  for  delicate  operations,  such  as  those  used 
in  assaying  and  chemical  manipulation,  are  made 
with  extreme  care.  The  beam  should  be  as  light 
as  possible  consistent  with  inflexibility ;  for  not  only 
the  inertia,  but  also  the  friction,  is  increased  in  pro- 


portion to  the  weight,  and  the  sensibility  consequently 
diminished.     A  cylinder  of  steel  passing  at  right  an- 
gles through  the  center  of  the  beam  forms  the  axis  ; 
and  its  extremities,  ground  into  sharp  edges  on  the 
lower  side,  serve  as  the  points  of  support     The  two 
edges  must  be  accurately  in  the  same  straight  line, 
and  turn  on  smooth  planes  of  agate  or  polished  steel, 
carefully  leveled.     Tne  pans  should  likewise  be  sus« 
pended  from  the  extremities  of  the  beam  by  agate 
planes  resting  on  knife-edges.     A  needle  or  tongue 
IS  usually  attached  to  the  beam,  pointing  directly 
upward  or  downward,  when 
the  bei^m  is  horizontal,  for 
the  purpose  of  indicating 
the  deviations  of  the  beam 
from  the  horizontal  posi< 
tion,  on  a  graduated  scale. 
It  is  better,  however,  to 
bring  the  arms  to  termi- 
nate in  points,  and  to  place 
a  divided  scale  behind  each. 
In  this  wav  the  slightest 
deviation  of  the  beam  will 
be  rendered  evident,  if  the 
zeros  of  the  scales  be  placed 
exactly  in  the  same  level. 
The  scale  is  indispensable, 
because  the  balance,  if  very 
sensitive,  would  require  a 
long  time  to  come  to  rest ; 
^  but  it  is  known  to  be  poised 
i  when  the  excursions  of  the 
r   needle  on  both  sides  of  the 
\   zero  of  the  scale  are  equal. 
In  order  to  preserve  the 
knife-edges,  the  beam,  when 
not  in  use,  is  supported  on 
rests.     Props  should  also  be  placed  under  the  pans 
when  loading  or  unloading  the  balance.     The  whole 
apparatus  must  be  placed  under  a  glass  case,  to  pro- 
tect it  from  the  disturbing  influences  of  currents  of 
air. 

The  sensitiveness  of  a  balance  constructed  with 
due  care  may  be  carried  to  almost  inconceivable 
extent. 

Analytical  balances  are  usually  made  to  carry  1,000 
grains  in  each  pan,  and  to  turn  with  the  tuW  P*rt 
of  a  grain. 

There  are  several  large  balances  in  use  in  the  Eng- 
lish mint,  calculated  to  weigh  from  1,000  to  5,000 
ounces  Troy.  Some  of  them  turn  with  ^  of  a 
grain,  when  loaded  with  1,000  ounces  in  each  scale, 
or  with  piroihnnr  P^rt  of  the  weight. 

Fig.  531. 


Coin  Balance. 
To  the  mode  of  suspending  the  beam  and  the  scales 
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more  attention  lias  probably  been  directed  than  to 
any  other  part  of  the  balance. 

Of  some  of  the  European  balances,  — 

Fox's  beam  has  pivots,  the  conical  ends  of  which 
pl^  in  hollow  agate  cones  of  larger  angle. 

Oertlino's  beam  is  coated  with  platinimi  or  pal- 
ladium, the  knife-edges  and  planes  being  of  agate, 
and  the  instrument  j^roof  against  acid  fiimes.  The 
knife-ed^  are  let  into  dovetailed  notches  in  the 
beam.  The  beam  is  graduated,  so  that  small  differ- 
ences of  weight  can  be  determined  by  placing  a  small 
platinum  wire  weight  on  one  of  the  divisions  of  the 
graduated  beam. 

Steinkeil  suspends  the  beam  bv  wires  or  silk 
cords.  In  another  of  Steinheil's,  the  beam  carries 
two  small  steel  spheres  in  the  middle,  resting  on  a 
steel  plane,  and  a  sphere  at  either  end,  upon  which 
rest  tne  plane  or  slightly  convex  spherical  surfaces 
of  the  plates,  from  wnich  the  pans  are  suspended. 
•  Ameng  the  modes  of  delicately  adjusting  the  parts 
to  obtain  perfect  equilibrium  may  be  cited  :  — 

In  Dover's  the  nnal  adjustments  in  the  direction 
of  the  length  of  the  beam,  and  in  a  direction  perpen- 
dicular to  it,  are  affected  by  a  cut  at  each  end  of  the 
beam,  making  an  angle  'of  45**  with  the  axis  of  the 
beam,  and  capable  of  being  widened  by  a  screw. 

In  the  American  balance  the  socket  in  which  one 
of  the  extreme  knife-edges  is  fixed  moves  in  a  slit  in 
the  direction  of  the  length  of  the  beam,  and  is  ad- 
justed by  means  of  two  screws. 

In  Oertlino's  the  ac^ustment  of  the  distance  of 
the  extreme  knife-edge  from  the  middle  knife-edge 
is  effected  by  a  vertical  cut  in  the  metal  of  the  beam, 
capable  of  being  slightly  widened  or  contracted  by 
screws. 

Among  the  modes  of  checking  the  oscillation  of 
the  pans  mav  be  mentioned  Dolberg's,  which  con- 
sists of  hair-brushes  turning  on  a  handle,  and  as- 
cending till  the  ends  of  the  brushes  touch  the  under 
side  of  the  pan.  The  mode  of  obtaining  .quiescence 
of  the  pan  in  the  periodical  intermittence  of  the 
coin- weighing  apparatus  is  by  a  depressed  ivory  point 
above  and  an  agate  point  beneath. 

In  Fox's  balance  the  beam  is  brought  to  zero  by 
the  attraction  of  a  In£^pet. 

The  sensitiveness  of  a  balance  depends  (after  fric- 
tion has  been  reduced  to  a  minimum),  first,  on  the 
proximity  of.  the  center 'of  gravity  to  the  point  of 
suspension  on  which  the  beam  swings ;  and  the  cen- 
ter of  j[ravity  must  be  directly  below  the  point  of 
suspension.  Secondly,  on  the  fact  that  all  three 
kmfe-edges  are  in  the  same  plane,  to  prevent  the 
farther  lowering  of  the  center  of  gravity  when  the 
beam  is  loaded.  Thirdly,  on  the  rigidity  of  the  beam, 
to  present  a  similar  lowering  by  springing. 

See  Faraday's  "Chemical Manipulations"  for  sug- 
ffestions  in  construction  and  management  of  delicate 
balances  used  in  quantitative  analysis. 

See  also  Coin-weiohino  Machine  ;  Counter 
Scales;  Micrometer  Balance  ;  Platform  Scales; 
Spring  Balance  ;  Steelyard  ;  Weiohinq  Ma- 
chine. 


Fig.  682. 


Chronometer  Balanee. 


2.  (Horology.) 
The  oscillatine  or 
pendulum  wheel 
of  a  watch,  which 
g^ves  the  pulsa- 
tions. Its  axis  is 
the  verce. 

In  the  earliest 
clocks  it  was  in 
the  form  of  a  bal- 
ance, and  not  of  a 
wheel.  It  consist 


ed  of  two  weighted  arms,  oscillating  on  a  vertical  axis. 
The  clock  of  Henry  de  Wick,  made  in  1879  for 
Charles  Y.,  had  a  balance  of  this  description.  The 
balance,  so  far  as  watches  are  concerned,  is  a  wheel 
driven  in  one  direction  by  the  mainspring  acting 
through  the  train  of  gearins^,  and  returned  by  the 
force  of  the  hair-spring.  While  watches  of  the  va- 
rious kinds  have  balances,  their  escapements  gener- 
ally constitute  their  distinguishing  features  by  which 
they  are  named  and  known.    See  Escapement. 

In  regulating  a  watch,  the  length  of  the  beat  of 
the  balance  is  increased  or  shortened  to  make  the 
watch  go  slower  or  faster.  This  is  done  by  letting 
out  or  taking  up  the  hair-spring.  See  Hair-speino  : 
Compensation  Balance. 

The  clock  or  watch  balance  consists  of — 

The  rim. 

Verge;  spindle  or  arbor. 

Spring  ;  which  gives  the  recoil  movement. 

JRegtUator;  determines  the  length  of  spring  in- 
volved in  the  movement. 

Oock  ;  affords  a  bearing  for  the  upper  pivot. 

Potance;  a  step  for  the  lower  pivot. 

Pallets;  the  plates  on  the  verge,  which  engage  the 
scape-wheel. 

8.  (Electridiy.)  A  term  applied  to  a  device  for 
measuring  the  resistance  of  an  element  of  an  electric 
circuit.     Also  known  as  a  Bridge. 

Bal'ance,  Al-Ioy'.  Robert's  Alloy  Balance  is 
intended  for  weighing  those  metals  whose  propor- 
tions are  stated  decimdly,  being  constructed  on  tiie 
principle  that  weights  in  equUibrio  are  inversely  as 
their  distances  from  their  points  of  support. 

The  point  of  suspension,  a,  of  the  oalance  is  ad- 
justed until  the  arms  are  respectively  as  the  two  stated 
proportions,  —  say  17  tin  to  88  copper.    The  half  of 

Vlg.688. 


Bobert^t  Jlhy  Batanee. 

the  beam  is  divided  into  50  equal  parts,  numbered 
from  the  one  end,  and,  the  point  of  suspension  being 
adjusted  proportionaUy,  tne  weight  w  is  brought 
to  a  position  where  it  enables  the  beam  of  the  empty 
balance  to  stand  in  equilibrio.  A  quantitv  of  copper 
being  then  placed  in  the  scale  suspended  from  the 
short  arm  will  be  balanced  by  the  proportionate  quan- 
tity of  tin  in  the  other  scale.  See  table  in  Alloy,  for 
converting  fractions  of  apound  to  decimal  proportions. 

Bal'ance-bar.  {Hydravlic  Engineering.)  A 
heavy  beam  bolted  to  the  miter-post  of  a  canal-lock 
gate,  and  resting  upon  the  heel-post  of  the  same.  It 
extends  over  the  wharf  or  pier  when  the  gate  is  closed, 
and  has  two  uses,—  it  forms  a  lever  by  which  the  gate 
is  swung  on  its  pintie,  and  it  partially  balances  the 
outer  end  of  the  gate. 

Bal'ance-bob.  A  weight  on  the  inner  end  of  a 
working-beam,  to  counterbalance  the  weight  of  the 
plunger-piston.     The  balance-bob  of  the  Wicksteed 
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engine  of  the  East  London  water-works  is  a  recepta- 
cle of  ballast,  weighing  about  89,600  pounds. 

Bal'ance-bridge.  A  lifting  bridge  with  a  coun- 
terpoise.   A  Bascule  Bridge,  which  see. 

Bal^anoe-orane.  A  crane  having  two  arms,  one 
of  which  is  provided  with  arrangements  for  counter- 
poising, in  whole  or  part,  the  weight  to  be  raised  by 
the  other. 

The  followmg  is  a  description  of  that  employed 
by  Stevenson  in  the  erection  of  the  Skerryvore  Light- 
house. 

a  6  is  a  portion  of  a  cast-iron  pipe  or  pillar  erected 
in  the  center  of  the  tower,  and  susceptible  of  beins 
lengthened  as  the  tower  rose,  by  means  of  additions 
pieces  of  pillar  let  in  by  ^ngot  and  fatuxi  Joints.  On 
this  pillar  a  frame  of  ii-on  was  placed,  capable  of  re- 
volving freely  round  it,  and  carrying  two  trussed 
arms  and  a  double  train  of  barrels  and  gearing, 
worked  by  men  standing  on  the  stages  S  S,  which 


revolved  round  a  b,  along  with  the  framework  of  the 
crane  from  which  they  hun^.  On  the  one  arm  hung 
a  cylindric  weight  of  cast-iron,  W,  which  could  be 
moved  alone;  it  by  means  of  the  gearing,  so  as  to 
increase  or  (Hminish  by  leverage  its  effect  as  a  coun- 
terpoise ;  and  on  the  other  was  a  roller  B.  The 
roller  was  so  connected  with  the  weight  on  the  oppo- 
site arm  as  to  move  along  with  it,  receding  from  or 
approaching  to  the  center  pillar  'of  iron  in  the  same 
manner  as  the  weight  did.  From  the  roller  hung  a 
sheave,  over  which  a  chain  moved,  with  a  hook  B 
at  the  end  for  raising  the  stones.  When  a  stone  was 
to  be  raised,  the  weight  and  the  sheave  were  drawn 
out  to  the  end  of  the  arms  at  F  of  the  crane,  which 
proiected  over  the  outside  of  the  walls  of  the  tower ; 
and  they  were  held  in  their  places  by  simply  locking 
the  gearing  which  moved  tnem.  The  second  train 
of  gearing  was  then  brought  into  play  to  work  the 
chain  which  hung  over  the  sheave,  and  so  to  raise 
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Balance' Oane  used  at  Skerryvon, 


the  stone  to  a  hight  sufficient  to  clear  the  top  of 
the  wall.  When  in  that  position,  the  first  train  of 
paring  was  slowly  unlocked,  and  the  slight  decliv- 
ity inwards  from  the  end  of  the  arms  formed  an  in- 
clined plane,  along  which  the  roller  carrying  the 
sheave  was  allowed  slowly  to  move  (one  man  using 
a  break  on  the  gearing  to  prevent  a  rapid  run),  while 
the  first  train  of  gearing  was  slowly  wound  by  the 
others,  so  as  to  take  up  tne  chain  which  passed  over 
the  sheave,  and  thus  to  keep  the  stone  from  descend- 
ing too  low  in  TO^portion  as  it  approached  the  center 
of  the  tower.  When  the  stone  so  raised  had  reached 
such  a  position  as  to  hang  right  over  the  wall,  the 
crane  was  made  to  turn  round  the  centre  column  in 
any  direction  that  was  necessary,  in  order  to  bring 
it  exactly  above  the  place  where  it  was  to  he  aei  ; 
and,  by  working  either  train  of  gearing,  it  could  be 
moved  horizontally  or  vertically  in  any  way  that  was 
reouired. 
bal'anoe  Eleo-trom'e-ter.     An  instrument 


having  the  poised  beam  of  the  ordinary  balance,  and 
adapted  to  estimate,  by  weights  suspended  from  one 
arm,  the  mutual  attraction  of  oppositely  electrified 
surfaces. 

In  Habki8*8  electrometer  the  beam  is  suspended 
from  an  insulated  post ;  one  scale,  carryingthe  weight, 
has  its  seat  upon  a  post ;  the  other  scale  is  a  disk 
which  is  suspended  above  a  similar  disk  electrized 
by  connection  with  a  chaiged  Leyden  jar.  Henley's 
quadrant  electrometer  luis  a  pendulous  pith-ball 
whose  deflections  are  measured  by  a  graduated  arc. 

Bal'anoe-fraxnes.  (Shipbuilding.)  Those  frames 
of  a  ship  which  are  of  eaual  area  and  equally  distant 
from  the  ship's  center  of  gravity. 

Bal'ance-gate.  (Hydratdic  Engineering.)  A 
form  of  flood-gate  which  nas  a  vertical  shaft  as  a  cen- 
ter. As  the  ^ves  on  each  side  of  the  pintle  are  of 
equal  area,  a  very  small  power  is  necessaiy  to  open 
them  in  whichever  direction  the  water  may  be  press- 
ing.    By  giving  a  preponderating  area  to  the  inner 
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leaves  of  the  gate,  they  may  be  made  self-opening 
or  self-closing  as  the  current  sets  in  or  out  of  a  chan- 
nel. In  this  form  they  are  commonly  used  as  sluice- 
gates in  Holland. 

Fig.  686. 


Balance' Oates. 

Bal'ance,  Hy'dro-statlc.  See  Specific-Grav- 
ity Balance. 

Bal'ance-lev'eL  {Surveying.)  An  instrument 
suspended  by  a  ring.  When  in  equilibrium,  two 
sights,  properly  fitted  to  the  instrument,  show  the 
line  of  level. 

Bal'anoe-knife.  (Outlery.)  A  table-knife,  of 
which  the  blade  and  handle  counterbalance  each 
other,  so  that  the  blade  may  not  touch  and  soil 
the  cloth. 

Bal'anoe-ree£  (NaiUicaL)  In  a  square  sail, 
a  diagonal  reef-band  from  the  outer  head-earing  to 
the  tack.  In  a  fore-and-aft  sail,  it  extends  from  near 
the  outer  point  of  the  u^per  horizontal  i*eef-band  to 
a  point  higher  up  at  the  innftr  edge  of  the  sail. 
^  Bal'anoe-rynd.  (Mill.)  An  iron  bar  stretch- 
ing across  the  eye  of  the  runner,  and  by  which'  it  is 
rised  on  the  top  of  the  spindle.  In  the  illustration, 
is  the  spindle  of  the  runner ;  B  the  cock-head, 
on  which  the  balance-rynd  FF  is  poised.  The  lat- 
ter has  a  capacity  for  rocking  back  and  forth  on  the 
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BaUmee-RytuL 

gpindle  to  a  given  extent,  as  the  runner  finds  its  ad- 
justment on  the  bedstone.  The  driving-block  D  D 
aits  on  the  square  of  the  spindle,  and  the  driving- 


lugs  C  C  bear  in  the  slots  of  the  balance-rynd,  and 
drive  the  stone  when  the  spindle  /  is  rotated. 

Bal'anoeHMO^tion.  {Shipbuilding.)  One  of  a 
pair  of  vertical  cross-sections,  one  near  each  end  of 
the  vessel,  which  are  designed  after  the  midship  sec- 
tion and  leading  water-line. 

Bal^anoe  !nier-mom'e,-ter.  A  thermometer 
poised  on  an  axis,  and  having  ether  and  mercury  in 
the  respective  ends.  When  an  unusual  heat  occurs, 
the  ether  is  expanded,  and  drives  the  mercury  far- 
ther towards  the  end,  which  tips  the  instrument  and 
sounds  an  alarm.     A  form  oi  fire-alarm. 

Another  form  of  balance  thermometer  is  an  inverted 
tube,  which  acts  as  a  counterpoise  to  a  window,  reg- 
ister, or  damper.  The  upper  end  of  thd  tube  has  an 
air-bulb,  the  lower  end  of  the  stem  containing  mer- 
cury, into  a  cup  of  which  the  end  is  submeraed.  As 
the  temperature  increases,  the  air  expands,  displaces 
the  mercury,  the  tube  rises,  and  the  window  or  damper 
is  moved.  The  converse  operation  takes  place  when 
the  temperature  falls.     See  Tuebmoheter. 

Bal'ance -valve.  A  valve  of  any  character  in 
which  steam  is  admitted  to  both  sides,  so  as  to  render 
it  more  readily  operated  by  relieving  its  pressure  upon 
the  seat.  Tne  balance  puppet-vcUve  has  two  disks 
of  slightly  differing  diameter,  and  placed  on  a  single 
stem ;  the  steam  being  admitted  between  the  two,  or 
above  and  below  the  upper  and  lower  disk  respec- 
tively. The  slight  difference  in  size  is  in  favor  ofthe 
pressure  of  the  valve  on  the  seat. 

The  object  is  to  secure  a  large  opening  without 
great  resistance. 

Bal'anoe-vise.  (Watxihmaking.)  A  small  tail- 
vise,  used  by  watchmakers. 

Bal'anoe-wheeL  In  horology  this  signifies  the 
r^t^jhet-formed  scape-wheel  in  the  old  verticoU-move- 
mtiU  watch.  Its  teeth  are  acted  upon  by  the  pallets 
of  thevei^e^, 

which   is  the  «-  "" 

axis  orspindle 
of  the  balance 
C,  and  the  lat- 
ter, in  its  OS-  Q 
cillation, 
makes  the 
time-beat,  act-  • 
ing  as  the  pen- 
dulum in  a 
clock. 

The      term  Baioaue-Whed. 

balance -wheel 

is  sometimes  applied  to  the  balance  C,  which  acts  a& 
the  measurer  of  time,  and  balances  or  regulates  the 
rate  by  applying  its  pulsations  to  intermit  the  action 
of  the  spring.  So  the  term  balance-wheel  has  grad- 
ually been  conferred  upon  fly-wheels  which  confer 
regularity  of  motion  to  the  machinery  to  which  they 
are  applied. 

The  term  balance  is  derived  from  its  original 
form,  consisting  of  weighted  arms  upon  an  oscillating 
axis,  and  having  a  semolance  to  the  beam  of  the  bal- 
ance when  it  oscillates  on  its  pivot  or  bearings.  This 
was  the  form  of  the  balance  in  Henry  de  Wick's 
clock,  constnicted  for  Charles  V.,  in  1879. 

Bal'anoe-wheel  En'gine.  {Horology.)  An 
instrument  for  forming  the  ordinary  bahmce-wheel 
of  a  watch,  which  consists  of  a  four-spoked,  fiill- 
rimmed  wheel  of  steel,  and  is  made  of  a  steel  disk 
from  which  the  segments  are  punched  out,  the 
crossed  wJieel  being  finished  by  a  file. 

Bal'anoe-whc^  File.  (Horology.)  Or  Sunng- 
wheel  File.  A  file  adapted  to  cut  out  the  sectors 
from  the  circular  steel  plate,  which  forms  the  blank 
for  the  balance-wheel. 
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Bal'oo-net.  A  low^  ornamental  railing  to  a  door 
or  window,  projecting  but  slightly  beyond  the  sill  or 
threshold. 

Bal'oo-ny.  1.  (Architecture.)  A  projecting  stage 
er  platform  on  the  outside  of  a  building,  usually  sup- 
ported by  consoles  or  columns,  and  furnished  with  a 
rail  or  other  enclosure. 

2.  (Shijnorighting.)    The  stem  gallery  of  a  ship. 

Bal'da-chin.  {ArckUecturt.)  A  canopy  supported 
by  columns,  and  raised  over  altars,  tomos,  etc. 

Bale.  A  bundle  of  stray,  hay,  or  other  material, 
put  up  in  compact  form  for  transportation  or  storage. 

Many  ingenious  devices 
for  putting  up  forage  ra- 
tions and  cut-stuff  for  feed 
have  been  devised  from 
time  to  time,  especially 
since  the  United  States 
military  stations  have  been 
so  widely  established. 

The  bale  1  is  made  up 
of  a  roll  or  roUs  of  hay  or 
straw,  laid  in  coils,  and 
fastened  by  cords  or  wires 
crossing  it  longitudinally 
at  right  angles. 

In  2,  the  top  and  bottom 
of  the  bale  are  covered  by 
transverse  strips  A  A, 
curved  so  as  to  shed  water, 
and  the  ed^  are  protect- 
ed by  longitudinal  strips 
BB. 

8  shows  a  cylindrical  bale,  having  a  central  hol- 
low b  extenmng  from  end  to  end.  The  ends  arc 
strengthened  b^  segmental  strips  d  d,  which  protect 
the  edges,  leaving  the  body  of  the  bale  open  to  free 
ventilation.  Longitudinal-  ties  c  c  bind  the  whole 
together. 

fig.  688. 


elastic  brushes,  heckles  for  flax-brakes,  and  is  split 
into  splints  for  plaiting  like  straw. 

Stnps  of  balem  have  been  aggregated  by  pressure, 
moisture,  and  heat,  so  as  to  become  agglutinated,  and 
thus  form  lai^er  articles,  such  as  walking-canes. 
Kortright's  English  Patent,  1841. 

Artificial  baleen  is  made  in  Germany,  and  consists 
of  rattans  impregnated  with  a  strong  black  varnish. 
It  is  called  toallosine, 

Ba-leine'.  A  movable  scaffold,  employed  in  France 
to  facilitate  the  tipping  of  the  wagons  in  railroad 
embankments. 


Fig.  689. 


Ba-lean.'  The  plates  of  fibrous  material  with  a 
bristly  fringe,  which  depend  from  the  upper  jaw  of 
the  right  whale  {Balcdtia  mysticettta).  There  are  about 
200  of  these  plates  on  each  side  of  the  mouth  in  the 
outer  row.  These  are  from  10  to  15  feet  in  length, 
and  about  one  foot  broad  at  their  base.  An  inner 
row  of  smaller  subsidiary  plates  is  arranged  oblique- 
ly. The  material  is  called  whaleborui ;  but  the  word 
is  Quite  inappropriate,  as  it  is  not  of  the  nature  of  bone. 

The  material  is  used  for  the  ribs  of  umbrellas,  stif- 
fening for  corsets,  for  chimney  and  street  brooms, 


BaUhu, 

It  consists  of  two  trussed  beams,  which  are  laid 
with  rails  along  the  top,  one  end  resting  on  the 
ground  at  the  commencement  of  the  embankment, 
or  at  the  battery-head  of  an  embankment  in  course 
of  formation  ;  the  other  end  of  the  baleine  rests  on  a 
wheeled  carriage,  or  an  auxiliary  railway,  the  rails 
of  which  are  taken  up  at  one  end  as  the  other  pro- 
gresses. When  a  car  is  tipped  at  the  battery-head, 
the  contents  are  discharged  between  the  rails,  and  it 
is  pushed  to  the  other  end  of  the  baleine.  The  same 
plan  is  followed  with  the  rest  of  the  loaded  cars  un- 
til the  baleine  is  full.  The  empty  cars  are  then  coup- 
led and  withdrawn  b^  the  locomotive. 

Bale-tie.  A  device  for  fasteninff  the  ends  of  the 
hoops  by  which  bales  of  cotton  are  neld  in  compact 
form. 

The  annexed  cut  shows  29  of  these  devices,  which 
are  selected  from  a  much  larger  number,  to  illustrate, 
not  only  the  devices  themselves,  but  also  the  num- 
bei:  of  modes  in  which  so  apparently  small  a  problem 
may  be  solved. 

The  name  and  date  are  simply  given,  as  the  con- 
struction and  operation  will  be  generally  understood 
without  special  explanation. 

a.  Sabatier  (English),  1796. 


b.  Blair 

1802. 

c.   Breck 

1807. 

(f.  Smith 

1849. 

e,  McCoMB, 

June    15,  1856. 

/.  Broad, 

1850. 

g.    SWETT, 

Oct.     23,  1866 ;  reissued  May  7, 72. 

h.  McCoMB, 

1850. 

i.   Cook, 

March    2,  1858. 

k.  Brodie, 

«*      22,  1859. 

I.   Beard, 

Oct.     16,  1866. 
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m. 

Jordan, 

Aug. 

28,  1870. 

n. 

Morris, 

April 

6,  1869. 

0, 

Adams, 

Feb. 

20,  1872. 

P- 

Peyton, 

July 

18,  1871. 

9- 

Lbcky, 

Oct. 

29,  1867. 

r. 

Sechler, 

March  19,  1867. 

8. 

Sheppard 

Aug. 

22,  1871. 

t. 

Latting, 

Dec. 

18,  1866. 

u. 

Onions, 

June 

5,  1866. 

V, 

Lee, 

Oct. 

16,  1866. 

V), 

MiLLIGAN, 

Nov. 

6,  1866. 

X. 

Merritt, 

April 

10,  1866. 

V' 

QuAin", 

Oct. 

28,  1865. 

z. 

McCOMB, 

Jan. 

29,  1861. 

a'. 

Seaver, 

Oct. 

28,  1866. 

v. 

MoCOMB, 

{( 

23,  1866. 

d. 

Wailby, 

<i 

9,  1866. 

d. 

Gridley, 

<i 

23,  1866. 

Fig.  540. 


BaU-Jies. 


In  connection  with  the  subject  of  ties  for  hales  may 
be  mentioned  the  devices  for  baling  cut  hay,  and  for 
baling  feed  and  forage  rations,  to  condense  their  bulk 
for  transportation.  The  latter  are  especially  intended 
for  military  and  emigrant  purposes. 

One  plan  is  briefly  as  foUows  :  — 

The  nay  is  carried  by  an  endless  apron  to  a  rotary 
cutter  driven  by  power,  and  which,  cutting  past  a 
fixed  blade,  chops  the  hay  into  pieces  of  from  three 
fourths  of  an  inch  to  one  and  a  half  inches  in  length. 
After  this  it  passes  through  a  winnowing  apparatus, 
which  abstracts  all  dust  and  dirt  therefrom,  and  then 
between  crushing-rollers,  which  crush  it  flat  and  ren- 
der it  soft  and  flexible  ;  in  this  condition  it  is  placed 
in  a  strong  press  and  comprei»ed  into  a  bale  of  great 


solidity  and  compactness,  which,  when  properly 
hooped  or  banded,  is  ready  for  transportation.  By 
these  means  the  size  of  bale  for  a  nven  weight  of 
hay  is  materially  reduced,  while  the  thorough  re- 
moval of  dust,  etc.,  and  the  softening  of  the  mate- 
rial from  the  crushing  to  which  it  has  been  subjected, 
increase  its  value  for  feeding  purposes. 

The  bales  contain  about  nine  cubic  feet,  and  weigh 
200  pounds. 

In  baling  forage  rations,  a  feed  of  com  is  placed  in 
a  feed  of  hay,  and  the  whole  condensed  into  the 
shape  of  a  laige  brick. 

Bal'ing-ma-ohine'.  {Hydraulic  Engineering.) 
An  apparatus  consisting  of  a  square  bucket,  sliding 
on  a  nearly  vertical  ral)beted  beam,  dipping  at  its 
lower  position  into  the  water  in  the  hoia  or  ditch, 
and  dischaiging  its  contents  upon  deck. 

The  bucket  has  a  flap- valve  at  bottom,  which  opens 
when  it  reaches  the  water.  It  is  hoisted  by  means 
of  tackle.  When  the  bucket  reaches  the  top,  a  part 
of  the  slide  tilts  over  and  tips  the  bucket,  which  dis- 
charges its  contents.    See  also  Bail-scoop. 

Bal'ing-preas.  A  press  for  condensing  fibrous 
articles  of  considerable  bulk  into  a  compact  form,  for 
the  purpose  of  shipment. 

It  essentially  consists  of  a  bed,  inclosing  sides, 
and  a  head,  platen,  or  follower,  operated  by  means 
of  screws,  todies,  beaters,  rope  and  pulley,  or  by 
other  mechamcal  devices,  as  will  hereafter  appear. 

The  varieties  may  be  thus  enumerated,  and  will 
be  considered  in  their  alphabetical  position  under  the 
following  heads :  — 

1.  Screw  press.  7.  Double-acting  press. 

2.  Toggle  press.  8.  Windlass  press. 

8.  Beater  press.  9.  Rack  and  pinion  press. 

4.  Revolving  press.       10.  Repressing  press. 

5.  Hydraulic  press.      11.  Rolling-pressure  press. 

6.  Portable  press. 

Other  minor  varieties  and  snb^rarieties  might  be 
cited  were  there  any  object  in  multiplying  defini- 
tions. 

Ba-lise' ;  Ba-lize'.  A  timber  frame  raised  as  a 
beacon  or  landmark. 

Balk.  1.  {Carpentry.)  a.  A  squared  timber, 
long  or  short,  suitable  for  a  beam  in  a  frame,  a  tie 
in  a  truss,  a  girder  in  a  floor,  a  ^7/  in  a  buildin^r,  or 
for  a  8h€re  or  ehoek  when  of  shorter  proportions. 
Baulk  ;  Bauk  ;  Bawk. 

b.  A  large  timber  in  a  frame,  trestle,  truss,  or  floor. 

c  A  whole  timber.  Technically,  over  13  inches 
square.     Half-timber  is  6^  inches  square. 

2.  {Military  Engineering.)  A  longitudinal  timber 
of  a  ponton-bridge. 

Ball.  1.  {Games.)  A  sphere  of  ivory,  wood,  etc., 
used  in  billiards,  bagatelle,  croquet,  and  other  games. 

BaUs  for  playing  are  made  of  various  sizes  and  ma- 
terials, accordmg  to  their  intended  purpose.  That, 
perhaps,  most  familiarly  known,  is  oroinarily  com- 
posed of  an  interior  core  of  india-rubber,  usually,  if 
not  dways,  made  up  of  strips  wound  into  spherical 
form,  around  which  is  wound  woolen  yam,  the  whole 
being  covered  with  leather.  Many  are  also  made 
wholly  of  india-rubber,  and  hollow. 

Billiard-balls  are  made  of  ivory,  that  substance 
combining  in  the  highest  d^n-ee  the  required  quali- 
ties of  resiliency  and  durability.  Ten-pin  balls  are 
of  lignum- vit».  Boxwood  is  preferred  for  croquet- 
balls.    See  also  Ivory,  artificial. 

The  came  of  ball  is  mentioned  by  Homer  {Odys- 
sey, viii.  372),  and  was  credited  by  Plato  to  the 
Egyptians,  among  whom  it  was  known  in  the  twelfth 
dynasty,  say  2000  B.  c. 

The  Athenians  erected  a  statue  to  AristonicUs  on 
account  of  his  skill  in  ball-playing. 


Digitized  by 


Google 


BALLAHORE. 


219 


BALLAST  CAR. 


Foot-ball  is  very  much  in  vogue  among  the  Amer- 
ican Indians,  large  parties  of  whom  participate  in 
the  sport.  Its  practice  among  the  Indians  of  the 
Plains  is  well  described  in  Catlin's  "  North  Amer- 
ican Indians.'* 

Tennis  was  played  in  England  in  the  sixteenth 
century.  The  tennis-court  at  St.  James's  was  erected 
in  1676.  This  game  was  for  many  years  a  favorite 
amusement  with  the  nobility  of  England  and  France. 

The  invention  of  billiards  is  ascribed  to  Delvigne, 
1571.     We  find  cricket  first  mentioned  in  1719. 

Cnx^uet  was  introduced  into  England  from  Ger- 
many m  1830  ;  its  popularity  in  America  hardly 
dates  back  more  than  a  decade. 

2.  (Projectiles.)  A  missile  to  be  projected  from  a 
fire-arm,  e,  g,  a  bullet  or  cannon-ball.  These  are  made 
of  lead  for  sm^-arms,  and  of  cast-iron  for  cannon, 
though  in  countries  where  copper  was  pleutiful  and 
iron  scarce,  as  in  South  America  and  Mexico,  the  for- 
mer metal  was  employed,  even  when  imported  cast- 
iron  cannon  were  us^.  The  lack  of  tin,  and  per- 
haps want  of  skill,  forbade  the  people  of  those  coun- 
tries to  cast  bronze  ordnance,  though  they  could 
make  copper  shot. 

Weight  of  Cast-iron  Balls, 


Diameter  in 

Weight  in 

Diameter  in 

Weight  hi 

Inchet. 

Ponndfl. 

Inches. 

Pounds. 

1 

.1»77 

61 

4284 

u 

.268 

r 

47.28 

il 

.464 

7* 

62.46 

.787 

H 

68.09 

2 

1.10 

64.00 

2i 

1.66 

8 

70.60 

^ 

2.16 

84 

77.81 

2.86 

it 

84.66 

? 

8.71 

92.24 

8i 

4.71 

r 

100.88 

? 

6.90 

9i 

108.98 

% 

118.06 
127.62  . 

lOJiS 

10* 

187.70 

12«4 

lOi 

148.28 

41 

14.16  . 

10 

169.61 

6 

17.21 

10| 

in.06 

H 

19.92 

11 

188.27 

n 

22.89 

lU 

196.06 

26.17 

Hi 
lU 

209.42 

r 

29.74 

228.88 

6i 

88.61 

12 

288.04 

6* 

87.81 

8.  (PrintiTig.)  A  dabber  for  inking  type  or  calico- 
printing  blocks.  Its  mission  is  nearly  enaed  in  either 
capacity.  It  consists  of  a  piece  of  buckskin  stuffed 
with  wool  so  as  to  form  a  ball,  and  furnished  with  a 
handle.  The  corresponding  device  used  by  the  en- 
graver in  spreading  etching-ground  is  called  a  dab- 

4.  (Fabrics,)    A  round  cop  of  thread  or  yam. 

5.  (Metal-working.)  A  spherical  tool  for  cutting ; 
such  as  those  for  excavating  bullet-molds,  carious 
teeth,  etc. 

6.  (Metallurgy.)  A  loop  (Fr.  loupe;  Ger.  Iwppe) 
or  mass  of  iron  gathered  into  a  lump  in  a  puddhng- 
Aimace,  and  in  a  condition  fit  for  the  squeezer  or 
tilt-hammer. 

7.  (Machinery.)  a.  A  spherical  valve,  operated 
by  the  passing  fluid,  and  limited  as  to  its  extent  of 
motion  oy  a  cage,  or  by  the  size  of  the  chamber. 

b.  One  portion  of  tliat  universal  joint  which  con- 
sists of  a  ball  gripped  by  a  box  and  ring. 

8.  (fforologictu!)  The  weight  at  the  bottom  of  a 
pendulum,  sometimes  called  the  bob. 

Balla-hore.  (yatUicaL)  A  West  India  schooner 
with  fore  and  aft  sails  only  ;  the  foremast  rakes  for- 
ward, tJie  mainmast  aft. 


Fig.  641. 


BaU-<Md-Soehet  Joint, 


Ball-and-ftock'et  Joint  A  joint  formed  by  a 
ball  working  in  a  hollow  cup 
or  socket,  which  allows  it 
free  motion  in  every  direc- 
tion within  certain  limits. 
See  Universal  Joint. 

Ballast  1.  (Hailway 
Engineering.)  Gravel,  bro- 
ken stone,  or  cinders  placed 
beneath  and  around  the  sleep- 
ers of  a  railroad  track,  form- 
ing a  solid  bed  which  will  not 
retain  water.  Drainage  must 
be  provided  below  'the  bdl- 
lasHng.  In  England,  where 
it  is  also  called  meta^,  two- 
feet  bed  of  ballast  is  deemed 
sufficient,  no  water  being  al- 
lowed to  stand  within  adepth 
of  four  feet  below  the  rails. 

Ballast  has  four  duties  to 
perform  :  — 

a.  To  distribute  the  bear- 
ing over  the  surface  of  the 
earthwork. 

b.  To  confine  the  track  in 
place. 

e.  To  permit  drainage  of  the  surface. 

d.  To  afford  a  certain  degree  of  elasticity.  A  solid 
rock  sub-way  is  too  unyielding,  and  injures  the  roll- 
ing stock,  burned  clay  is  a  fsormatenaL  Cinders, 
shells,  and  small  coal  are  also  used  in  certain  lo- 
calities. 

2.  (Nautical.)  Weiffht  in  the  bottom  of  a  boat 
or  the  hold  of  a  vessel,  to  keep  it  upright  in  the 
water,  and  prevent  its  being  upset  by  the  force  of 
the  wind  or  the  weight  of  its  top-hamper. 

On  board  vessels  of  war  pig-iron  is  generally  em- 
ployed for  ballast ;  that  of  the  British  navy  consists 
of  iron  pies  of  about  800  pounds  each. 

Means  have  been  provided  for  using  water  as  bal» 
last.  Its  evident  convenience,  both  as  to  accessibil- 
ity and  facility  of  removal,  have  indued  considerable 
pains  to  be  incurred  in  devices  for  containing  it. 

The  employment  of  water-tight  bags  has  been  sev- 
eral times  attempted.  These,  when  empty,  are  stored 
away  in  laree  boxes,  and  when  required  are  spread 
out  in  the  hold  and  filled  by  a  connecting  nose. 
There  are  evident  objections  to  this  mode. 

Iron  tanks  have  been  built  into  the  ship,  occupy- 
ing positions  on  the  floor,  and  at  the  stem  and  stem 
next  to  the  dead-wood. 

Tanks  made  by  two  bulkheads  across  the  vessel  have 
also  been  used.  These  are  made  of  such  a  size  that 
they  may  be  used  for  coals  or  caigo  when  the  ballast 
is  not  required.  The  reservoir,  whatever  form  it 
may  have,  must  be  quite  full,  to  prevent  the  swash- 
ing of  the  water,  and  the  bulkhead  tank  has  been 
found  difficult  to  fill  and  keep  tight. 

The  plan  suggested  by  Grantham,  of  Liverpool,  — 
a  distinguished^Authority  on  the  subject,  —  is  spe- 
cially adapted  for  ships  carrying  cou,  where  little 
or  no  bact  frei^t  is  to  be  had.  See  Grantham's 
"  Iron  Ships,"  Weale's  Series. 


Ballast  Car 
or    "Wag'on. 

(Railway  En- 
gineering.) A 
dumping-car  for 
transporting  bal- 
last for  the  road- 
bed. 

In  the  illustra- 
tion is  seen  the 


Fig.  642. 


BaUa$t  Car  {Enffiish  farm). 
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A  barge  for  con- 
A  square-bodied 


English  form,  having  a  capacity  for  dumping  to  the 
rear  or  towards  either  side.     See  Dumping-Car. 

Ballast-en'giiie.  1.  {Hydraulic  Engineering.) 
A  dredging-machine  for  raising  shingle  from  the  bot- 
tom of  a  river  for  ballasting  vessels. 

2.  {CitfU  Engineering.)  A  steam-engine  employed 
in  excavating  and  shoveling  gravel  for  ballasting  a 
road-bed. 

Bal^ast-heav'er.    (Hydraulic  Engineering.)    A 

dredging-machine  for  raising  ballast  from  a  river-bed. 

Ballasting.     {Engineering.)     a.  The  gravel  or 

broken  stone,  known  as  mkaly  which  forms  the 

road. 

h.  The  material  beneath  and  around  the  sleepers 
of  the  permanent  way  of  a  railroad.     See  Ballasi'. 

Bal'last-light'er.    (Nautical.) 
veying  ballast  to  a  vessel. 

Ballast-shov'eL    (Nautical.) 
and  spoon-pointed  iron  shovel. 

Ball-cal'i-ber.    A  ring-gage  for  testing  the  di- 
ameter of  gun-shot  on  board  ship. 
Bcdl-cart'ridge.    For  small-arms ;  powder  and 
ng.  648.  ^^^  ^'^  ^'^  envelope.     In  contradis- 

tinction  to   6/an!lfc- cartridge.     See 
Cartridgk. 

Ball-cast'er.  A  caster  for  fur- 
niture, etc.,  having  a  sphere  or  ball 
instead  of  a  common  roller  at  bot- 
tom. 

Ball-cook.  A  faucet  which  is 
opened  or  closed  by  means  of  a  ball 
floating  on  the  surface  of  the  water 
in  the  vessel,  allowing  the  cock  to 
remain  open  until  the  wafer  has 
I  attained  a  certain  hight,  when  it 
is  closed  by  means  of  a  rod  con- 
nection with  the  rising  ball,  fall- 
^^  ing  again  as  water  is  withdrawn 

BaU-Castfr.  ^^^^  ^^le  vessel.^  It  constitutes  an 
automatic  arrangement  for  keeping  the  water  at  a 

certain  hight.  It 
is  useful  in  cisterns, 
water- backs,  boil- 
ers, etc.,  where  the 
supply  is  constant, 
the  demand  inter- 
mittent. 

Ball-gad'geon. 
A  pivot  of  a  spher- 
ical form  which  per- 
mits lateral  deflec- 
tion of  the  arbor  or  shaft,  while  retaining  the  pivot 
in  its  socket. 

Bcdl'ing  Fur'nace.  (Metallurgy.)  A  furnace  in 
which  piles  or  fagots  of  iron  are  heated  so  as  to  form 
balls  for  rolling.  In  the  puddling-fumace,  pig-iron 
is  boiled  to  drive  off  certain  impurities,  and  the  iron 
therein  is  formed  into  balls  by  the  rabble  or  paddle 
of  the  puddler,  so  as  to  be  ready  for  the  shingling- 
hammer  or  the  squeezer  which  arives  the  slag  from 
the  bloom.  At  the  same  heat  the  iron  may  be  rolled 
and  become  a  merchantable  article  of  bar-iron  ;  but 
with  some  qualities  of  iron,  and  for  the  production 
of  the  finer  varieties  of  bar  and  sheet  iron,  the  bar 
from  the  first  rolling  is  cut  up  by  the  shears,  and 
made  into  piles  or  fagots,  which  are  reheated  to  form 
baZls  for  re- rolling. 

The  furnace  resembles  a  puddling-fumace,  with 
the  exception  that  it  is  not  designed  for  stirring  and 

Suddling,  but  the  piles  or  fiigots  are  laid  upon  the 
oor  of  the  reverljerating  chamber,  and  are  there 
heated  without  running  together,  each  being  with- 
drawn as  it  attains  the  required  condition.  The 
bottom  is  made  up  from  time  to  time  with  sand.    It 


Fig.  644. 


BaUrCock. 


is  not  a  mere  reheating,  but  the  action  of  the  fire 
and  the  admission  of  regulated  quantities  of  air  re- 
move certain  impurities  which  have  resisted  the  pre- 
vious operations. 

Ball'ing-gun.  An  instrument  for  administering 
medicine  rolled  into  balls  to  horses.  It  consists  of 
a  partially  exhausted  tube,  on  the  end  of  which  the 
ball  is  held  by  pressure  of  air,  and  from  which  it  is 
released  by  a  piston  when  the  ball  is  fairly  within 
the  esophagus. 

BaU/ing-i'ron.  (Farriery.)  A  hook  for  dealing 
a  horse's  feet  from  the  balls  of  snow,  etc.,  retained 
by  the  shoes. 

BaUlng-ma-ohine'.  (Cotton  Afanu/adure.)  A 
machine  on  which  cotton  thread  is  wound  into  balls. 


Fig.  646. 


BaUing'Machini . 

The  ball  a  is  made  on  a  rotating  spindle  b,  or  on  a 
paper  cap  or  cover  placed  thereon,  around  which  a 
steel  rod  c  spins  rapidly,  carrying  the  thread  and 
building  it  up  on  tne  spindle.  This  interior  core 
(cap)  forms  a  support  for  the  ball,  and  receives  on  its 
closed  end  the  ticket,  number,  and  maker's  name. 

The  size  of  the  ball  is  regulated  by  the  eye  ;  the 
number  to  the  pound  varies  from  16  to  600. 

The  spindles  nave  independent  stop-motions,  g,  so 
that  when  a  thread  breaks  any  one  or  more  may  be 
stopped.  The  thread  comes  ok  a  bobbin,  and  passes 
through  the  hollow  spindle  of  the  flyer  c,  whose  axis 
of  rotation  is  oblique  with  that  of  the  spindle  &,  so  that 
the  thread  is  laid  on  spirally,  the.  spindle  continually 
rotating  so  that  the  thread  has  an  advancing  or  re- 
ceding coil,  according  to  the  direction  of  motion  of 
the  spindle.  The  gearing  by  which  the  parts  are 
driven  is  sufficiently  shown  in  the  cut,  and  needs 
no  special  description.  The  figure  shows  one  set  of 
parts,  but  the  machine  has  a  long  parallel  series  of 
ball-winders  in  a  row  on  a  single  frame.  The  upper 
figures  show  the  ball  attached  to  and  detached  nrom 
its  spindle,  respectively. 

It  was  invented  by  M.  I.  Brunei.  When  he  vis- 
ited the  mills  of  Stnitt,  in  Derbyshire,  about  1805, 
he  said  he  "observed  they  had  adopted  my  [his] 
contrivance  for  winding  cotton  into  balls." 

Ball'ing-tooL  {Metallurgy.)  A  tool  for  aggre- 
gating the  iron  in  a  puddling-fumace,  to  fit  it  for 
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conveyance  to  the  tilt  or  squeezer.     A  rabbh  (Fr. 
rable), 
Bal-llsta.    (Weapon.)   A  machine  nsed  ancient- 
ly for  throw- 
Fig.  546.  ing  darts  or 
stones. 

The  name 
is  applied  to 
twodiflferent 
machines. 

One  resem- 
bles the  cat- 


=^^^5,^^  apult  in  the 
^^^^  mode  of  ob- 


Bcdlista, 


taining  the 
power,  and 
the  other  is 
a  cross-bow 
on  a  large 
scale,  with  a  tackle  to  draw  the  bowstring. 

a.  The  inore  ancient  ballista  had  a  vibrating  arm, 
which  was  drawn  back  against  the  tension  of  cords 
made  of  human  hair,  horse-hair,  or  catgut.  When 
drawn  back  to  its  full  scope,  it  was  suddenly  released, 
and  its  head  came  with  a  violent  blow  against  the 
ends  of  the  darts  arranged  on  a  table  above  and 
pointed  towards  the  enemy. 

Fig.  647. 


Ballistie  Pendtditm. 


b.  The  other  ballista  was  a  cross-bow,  arranged 
upon  a  standing  frame  (Fig.  546).  The  string  was 
retracted  by  a  tackle,  and  was  cast  loose  by  some 
device,  projecting  a  dart  or  a  stone,  as  the  case  might 
be.  The  dart  or  stone  lay  upon  a  table,  and  was 
adjusted  asainst  the  string  before  casting  off. 

Bal-liB'tio  Pen'dn-lum.  This  instrument  is 
designed  to  determine  the  velocity  of  projectiles  of 
cannon  and  small-arms.  It  was  invented  by  Rob- 
bins  about  1760,  and  described  by  him  in  his  tract 
on  Gunnery.  It  has  been  improved  by  Hutton  and 
Gregory,  in  England  ;  Piobert  and  Monn,  in  France ; 
and  Mordecai,  m  the  (Jnited  States. 

The  original  instrument  consisted  of  an  iron  bar 
suspended  by  a  transverse  axis,  and  having  a  block 
of  wood  strengthened  with  iron  plates  to  receive  the 
impact  of  the  ball.  On  being  struck,  the  block 
swun^  like  a  pendulum,  and  pulled  a  ribbon  through 
an  orifice  in  the  fixed  framework.  The  length  of 
the  ribbon  withdrawn  is  considered  equal  to  the 
chord  of  the  arc  of  vibration. 

The  use  of  the  pendulum  depends  upon  the  dy- 
namical fact  that  if  a  body  of  small  mass  impinge 
with  great  velocity  upon  a  much  larger  body  at  rest, 
and  the  two  bodies  after  impact  move  on  together 
with  a  velocity  which  can  be  easily  measured,  the 
masses  of  the  two  bodies  being  given  the  whole  mo- 
mentum after  impact  is  known  ;  and  as  this  is  the 
momentum  of  the  smaller  body  before  impact,  the 
velocity  with  which  it  struck  the  larger  body  can 
be  determined. 

As  now  used,  the  block  consists  of  a  cast-iron  case 
or  mortar,  partially  filled  with  bags  of  sand  or  a  block 
of  lead.  It  is  suspended  by  wrought-iron  l»rs  from 
an  axis  working  on  knife-edges  in  V-grooves,  and 
the  arc  of  vibration  is  measured  on  a  copper  arc  by 
an  index  carrying  a  vernier. 

The  arc  of  vibration  bein^  ascertained,  the  follow- 
ing points  must  be  known,  m  order  to  calculate  the 
velocity  of  the  ball  on  striking  :  — 

1.  The  respective  weights  of  the  ball  and  ^ndulum. 

2.  The  distance  of  the  centers  of  oscillation  or 
percussion  from  the  axis  of  suspension. 

8.  The  distance  of  the  center  of  gravity  from  the 
axis  of  suspension. 

4.  The  angular  velocity  of  the  pendulum  after 
impact. 

The  upper  figure  represents  the  pendulum  for 
small-arms  ;  the  lower  one  for  ordnance. 

The  gun  itself  has  been  swung  on  a  pendulum, 
and  its  arc  of  recoil  measured  to  furnish  datum  for 
estimating  the  force  of  the  discharge. 

It  is  also  used  to  determine  the  quality  of  powder. 
See  also  Eprouvette. 

The  Chraiwscope  and  Electro-Ballistic  apparatus 
afford  more  perfect  means  of  determining  tne  point 
sought.    See  Chronoscope  :  Electro  Ballista. 

Ball-le'ver.  A  lever  having  a  ball  affixed  at  one 
end  as  a  weight,  which  closes  the  plug  of  a  cistern 
when  the  water  has  risen  sufficiently.  See  Ball- 
cock. 

Ballon.  1.  (C^iemieal.)  A  lai^e  glass  receiver 
in  the  form  of  a  hollow  globe,  appertaining  to  a  set 
of  chemical  apparatus. 

2.  (Nautical.)  A  long,  brigantine-rigged  vessel, 
used  in  Siam,  and  made  out  of  a  single  trunk. 

Bal-loon'.  1.  A  bag  or  envelope  of  silk  or  other 
thin  textile  fabric,  around  which  is  a  netting  of 
small  rope  or  cord,  from  which  is  suspended  a  car 
or  basket.  The  balloon  is  provided  with  a  valve, 
controlled  by  a  rope  within  reach  of  a  person  in  the 
car,  to  allow  the  gas  by  which  the  balloon  is  inflated 
to  escape  when  it  is  desired  to  descend. 

Galien,  of  Avignon,  wrote  on  aerostation  in  1675 ; 
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but  the  discovery  of  hydrogen  made  by  Cavendish, 
in  England,  seemed  to  offer  a  feasible  mode  of  ac- 
complishing the  object,  and  its  use  was  suggested 
for  tnat  purpose  by  Dr.  Black,  in  1767,  who  ascer- 
tained that  a  light  envelope  filled  with  this  gas  would 

ascend. 

Fig.  648. 


BaUoon, 

The  first  machine  by  which  an  ascent  was  made 
into  the  upper  regions  of  the  atmosphere  was  invented 
and  constructed  Dy  the  brothers  Stephen  and  Joseph 
Montgolfier,  paper-manufacturers  at  Annotay,  near 
Lyons,  France.  After  experimenting  unsuccessfully 
with  hydro^n-gas,  they  tried  heating  the  air  con- 
tained in  the  balloon  by  means  of  a  fire  in  its  open 
mouth,  and  in  June,  1783,  a  captive  balloon  was  by 
this  means  caused  to  ascend  over  2, 000  yards.  Novem- 
ber 21, 1783,  Pilatre  de  Rozier  and  the  Marquis  d'Ar- 
landes  ascended  in  a  balloon  of  this  kind,  reaching  a 
hight  of  3,000  feet,  and  landing  nearly  six  miles  from 
where  they  arose.  December  1  of  the  same  year,  MM. 
Oharles  and  Robert  ascended  in  a  balloon  inflated 
with  hydrogen-gas,  alighting  in  an  hour  and  three 
quarters  at  a  spot  about  25  miles  from  Paris,  whence 
they  had  set  out,  and  attaining  an  elevation  of  about 
9,700  feet.  After  this,  balloon  ascensions,  both  in 
France  and  England,  became  comparatively  frequent. 
The  English  Channel  was  crossed  by  a  balloon ;  and 
in  making  a  similar  attempt,  Pilatre  de  Rozier  and  a 
comnanion  named  Romain  were  killed.  They  had 
employed,  in  conjunction  with  a  hydrogen-balloon, 
a  montgolfiere  or  fire-baQoon  below  it,  and  on  reach- 
ing a  considerable  hight,  the  expansion  of  the  gas 
caused  it  to  flow  downward  directly  upon  the  fire, 
inflaming  the  whole  apparatus,  which  was  speedily 
consumed,  precipitating  the  aeronauts  to  the  earth. 

Balloons  were  introduced  into  the  French  armies 
at  an  early  period  during  the  wars  of  the  Revolution, 
and  were  used  at  the  battles  of  Liege,  Fleurus,  1794, 
and  at  the  sieges  of  Maintz  (Mayence)  and  Ehren- 
breitstein,  where  they  were  found  particularly  use- 
ful, as  only  by  such  means  could  operations  in  the 
elevated  citadel  be  observed. 

**  The  French  armies  are  attended  with  a  new  spe- 


cies of  reconnoltering  engineers,  whose  duty  it  is  to 
do  everything  relative  to  the  preparation  and  use  of 
balloons.  The  j^rson  who  mounts  in  the  balloon 
is  furnished  with  paper  and  pencil3  of  different  col- 
ors. The  marks  are  made  according  to  a  system 
agreed  on  beforehand,  and  the  paper,  after  being 
marked,  is  attached  to  a  small  rod  like  an  arrow, 
one  end  of  which  is  Idaded  and  pointed,  so  that  it 
strikes  in  the  ground  and  stands  upright." — Annual 
Register,  1794. 

Balloons  were  also  employed  by  the  French  in  the 
Italian  campaign  of  1859,  at  Solferinc; ;  and  subse- 
quently, during  our  own  civil  war,  a  small  corps  of 
balloonists  was  attached  to  the  Army  of  the  Potomac 

The  celebrated  French  chemist,  GavLussac,  in  1804 
reached  the  hight  of  23,040  feet,  and  carried  up  with 
him  the  necessary  means  for  making  scientific  obser- 
vations on  the  character  and  properties  of  the  atmos- 
phere at  that  great  hight.  This  was  for  many  years 
considered  the  most  remarkable  balloon  ascent  ever 
made,  both  in  regard  to  the  hight  attained  and  the 
observations  made.     The  ^;reat  tenuity  of  the  atmos- 

5 here  in  ^ose  elevated  regions  is  said  to  have  affected 
[.  Lussac  to  such  a  degree  that  his  system  never 
fully  recovered  from  it.  An  English  aeronaut  named 
Glaisher,  it  is  said,  has  recently  succeeded  in  reach- 
ing the  hight  of  seven  miles.  He  was  rendered  seri- 
ously ill,  and  was  supposed  to  have  burst  some  blood- 
vessels. 

Charles  Green  introduced  the  practice  of  inflatinjg 
balloons  with  ordinary  illuminating-gas,  making  his 
first  ascension  with  this  medium  on  the  day  of  the 
coronation  of  George  IV.,  1820. '  Illuminating-gas^ 
besides  being  much  cheaper  than  hydrogen,  has  the 
advantage  of  being  more  easily  retained  within  the 
envelope  on  account  of  its  greater  density. 

In  1836,  Messrs.  Holland,  Mason,  and  Green  as- 
cended from  London  in  a  balloon  of  85,000  feet 
capacity,  taking  with  them  a  ton  of  ballast,  a  fort- 
night's provisions,  extra  clothing,  etc.  They  landed 
next  day  in  the  duchy  of  Nassau,  having  made  a 
voyage  of  about  500  miles. 

In  June,  1859,  Mr.  Wise,  the  well-known  Ameri- 
can balloonist,  ascended  from  St.  Louis  and  landed 
in  Jefferson  County,  N.  Y.,  having  traveled  about 
1,150  miles. 

Gifford's  captive  balloon,  noted  as  one  of  the  fea- 
tures of  the  Paris  Exposition  of  1867,  was  93  feet  in 
diameter,  having  a  capacity  of  421,161  cubic  feet ; 
weighed  6,000  pounds,  the  netting  and  guy-ropes 
weighing  4,000  pounds  additional.  It  was  inflated 
with  pure  hydrogen-gas,  and  the  car  accommodated 
twenty-five  persons.  The  rope  by  which  it  was  held 
tapered  gradually  towards  its  lower  end,  so  that  in 
case  of  parting  it  would  break  near  the  ground,  and 
not  endanger  bystanders.  It  was  wound  round  a 
drum  turned  by  a  steam-engine.  The  cost  of  the 
balloon  with  its  appurtenances,  including  machinery, 
was  over  $45,000. 

M.  Dupuy  de  Lome  attempted  a  few  years  ago  the 
construction  of  a  navigable  balloon  of  consider- 
able dimensions.  In  oraer  to  maintain  its  perma- 
nence of  form,  a  lai^e  balloon  was  provided  with  two 
interior  suspended  tubes,  whose  open  lower  ends  com- 
municated with  the  air ;  a  small  interior  balloon 
with  valves  was  placed  inside  of  the  larger  one,  and 
by  its  greater  or  less  inflation  compressed  the  tubes 
more  or  less,  causing  the  contained  gas  to  rise  or  fall, 
so  as  to  cause  a  uniform  tension  of  the  surrounding 
gas  contained  in  the  larger  balloon.  The  longer  di- 
ameter of  this  latter  was  parallel  to  its  axis  of  motion, 
and  the  apparatus  was  to  be  propelled  by  a  screw 
attached  to  the  car  and  operated  by  hand-power. 
The  rudder  was  a  triangular  sail  attached  at  its 
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lower  edge  to  a  piroted  horizontal  yard  beneath  the 
car,  near  its  rear,  and  operated  by  a  rope  at  each 
end,  extending  to  the  steersman's  q^t. 

The  British  military  authorities  assume  that  a 
hight  of  100  fathoms  at  a  distance  of  600  fftthoms 
from  an  enemy  affords  an  ample  held  of  view.  Cam- 
eras arranged  so  as  to  include  the  whole  horizon, 
enable  the  country  to  be  photographed,  and  tele- 
ffraph-wires,  which  can  be  paid  out  as  fast  as  the 
balloon  sails,  afford  communication  with  the  earth 
or  with  another  balloon. 

Experiments  made  at  Tours  show  that  at  a  hight 
of  1,000  to  1,200  yards  the  silk  envelope  of  a  ^- 
loon  could  be  penetrated  by  bullets,  but  that  the 
escape  of  gas  was  so  slow  that  with  a  favorable  wind 
the  balloon  might  reach  several  miles  before  falling. 
At  2,700  yards  the  best  shots  failed  to  penetrate  the 
silk  ;  and  this  elevation  is  therefore  considered  the 
maximum  necessary  to  insure  safety. 

The  late  Prussian  and  French  war,  and  especially 
the  si^^e  of  Paris,  gave  rise  to  the  most  business-like 
and  systematic  use  of  balloons  on  record.  The  man- 
ufacture LB  thus  described  by  a  newspaper  correspond- 
ent :  — 

"The  type  of  the  balloons  constructed  by  M.  Godard 
for  the  Postal  Administration  is  entirely  spherical. 
The  proportions  are  as  follows :  Diameter,  16  yards ; 
superficies,  about  836  square  yards  ;  volume,  6,316 
cubic  vards.  The  stuff  employed  is  a  strong  glazed 
cambnc,  oiled  and  vamishea.  With  machinery,  forty 
thicknesses  of  this  cambric  are  cut  out  at  onetime.  Af- 
ter this  operation  these  strips  are  sewed  together  with 
a  double  waxed  white  thread,  and  the  balloon  ia  re- 
peEbtedly  rubbed  with  oil,  in  order  to  secure  its  imper- 
meability. A  valve  in  strong  wood  is  set  into  the 
upper  pole  of  the  balloon ;  this  valve  is  closed  by  india- 
rubber  springs.  A  long  cord  is  attached  to  this  valve, 
and  traverses  the  lower  pole,  enabling  the  aeronaut 
to  regulate  the  descent  of  the  balloon.  A  network 
of  tarred  twine  envelopes  the  balloon.  To  the 
extremity  of  this  net  a  wooden  hoop  is  adjusted, 
to  sustain  the  wicker-work  basket,  which  measures 
about  3  feet  in  width  and  4^  in  length.  Benches 
are  provided  for  six  persons.  Around  the  basket  the 
sand-bags  and  dispatch-bags,  with  three  hundred 
vards  of  rope,  ave  ranged.  This  latter  provision  is 
intended  for  throwing  out  to  drag  on  the  ground  and 
diminishing  the  speed  on  descending. 

**  The  weight,  when  filled  with  ordinary  burning- 
gas  is  about  a  ton,  comprising  six  hundred  pounds  of 
sand-bags,  three  persons  wdghing  about  150  pounds 
each,  and  1,000  pounds  of  dispatches.  It  requires  ten 
days  for  the  manufacture  of  each.  The  cost  of  each 
is  1 1,200." 

Carrier-pigeoDS,  also,  were  much  used  by  the  Pa- 
risians during  the  Pnusian  investment  of  that  city. 
The  flying  messengers  who  have  their  homes  in  Paris 
afforded  me  means  of  communicating  with  the  be- 
leaguered city.  The  use  of  carrier-pigeons  is  very 
ancient.  On  a  temple-wall  In  f^nrpt  there  is  a 
sculpture  of  the  time  of  Rameses  11.  (1297  b.  c), 
representing  that  monarch  proceeding  in  regal  state 
to  assume  the  crown  of  Upper  and  Lower  Egypt ; 
and  in  the  procession  a  priest  is  seen  releasing  from 
a  basket  four  carrier-pigeons,  to  announce  tiie  ti- 
dings to  distant  points. 

Ovid  relates  that  Taurosthenes  announced  to  his 
father  in  iEgeria,  by  a  pigeon  stained  purple,  that 
he  had  obtained  the  prize  at  the  Olympic  gnunes. 
Brutus  used  pigeons  for  communicating  with  me  in- 
habitants of  M^ena,  during  its  siege  by  Marc  Antony. 
When  Ptolemais  in  Syria  was  invested  by  the  French 
and  Venetians,  and  was  about  to  surrender,  a  carrier- 
pigeon,  bearing  a  message  from  the  Sultan,  was  cap- 


tured ;  the  missive  containing  promises  of  assistance 
was  removed,  and  one  substituted  in  which  the  Sul- 
tan expressed  no  hope  of  being  able  to  assist  them. 
The  surrender  was  immediate.  Pigeons  were  of  great 
use  to  the  Dutch  during  the  sieffe  of  Leyden,  so 
bravely  resisted  by  the  Prince  of  Orange. 

The  air-car  is  a  proposed  form  of  b^oon,  inflated 
with  ffas  to  secure  lightness,  and  traveling  upon  wires 
stretched  from  pillars  upon  a  definite  route.  Two 
pairs  of  wires  are  needed,  —  one  pair  for  each  side  of 
the  car,  —  and  the  upper  and  under  wires  of  the 
respective  pair  run  in  the  grooved  peripheries  of  the 
car-wheels,  which  are  rotated  by  a  steam-engine  on 
board.  The  car  is  ci^-shaped,  and  has  sails  to  be 
used  with  favoring  winds.  The  device  for  passing 
the  posts  is  ingenious,  but  does  not  differ  substan- 
tially from  the  mode  of  hanging  the  tracks  of  caster-  ■ 
wheels  for  sliding  barn-doors. 

Signals  have  been  made,  and  notices,  etc.,  have 
been  distributed,  by  means  of  bdloons.  One  was 
invented  by  Mr.  Shepherd,  and  used  in  the  Arctic 
regions  in  the  search  for  Sir  John  Franklin.  The 
arrangement  consisted  of  a  number  of  printed  pack- 
ets of  oiled  silk  or  paper,  upon  which  directions  were 
printed,  stating  the  latitude  and  longitude  of  the 
exploring  ships,  where  they  were  going  to,  and  the 
points  at  which  provisions  had  been  lefL  These 
were  attached  at  proper  intervals  to  a  lon^  slow- 
match  made  of  rope  dipped  in  niter;  and  as  tne  bal- 
loon traveled  over  the  country,  the  match  burned 
gradually  away,  releasing  the  packets  consecutively, 
and  distributing  them  over  a  wide  extent  of  country. 

Other  devices  were  also  adopted  for  the  same  pur- 
pose, and  are  described  under  Signals. 

2.  (Architecture.)  a.  A  mold  at  the  base  of  a 
column. 

b,  A  round  globe  at  the  top  of  a  pillar. 

8.  (Glass.)    A  glass  receiver  of  a  spherical  form. 

4.  {Fabric)  A  cylindrical  reel  on  which  sized 
woolen  yam  for  warp  is  wound,  in  order  to  be  dried 
by  rapid  revolution  in  a  steam-heated  chamber.  The 
yams  are  guided  by  passing  between  the  teetii  of  a 
separator  or  ravel,  which  is  a  toothed  instrument 
like  a  rake,  between  whose  teeth  the  yams  pass. 
This  acts  as  a  guide  in  distributing  the  ytois,  over 
the  length  of  the  reeL 

The  vams  are  wound  from  the  balloon  on  to  the 
beam  of  the  loom. 

Bal-loon'-jib.  (Nautical.)  A  triangular  sail, 
used  in  a  cutter,  and  hauled  up  to  the  topmast-head. 
Sometimes  called  a.  jib-topsail. 

Bal-loon'-net.  (Fabric.)  A  variety  of  woven 
lace,  in  which  the  weft  threads  are  twisted  in  a  pe- 
culiar manner  around  the  warps. 

Ballot-boz.  A  box  in  which  balls  or  beans 
indicating  a  negative  or  affirmative,  or  slips  contain- 
ing the  names  of  candidates  for  office,  are  deposited. 

Ballot-boxes  of  the  ordinary  constraction  afford  no 
security  from  fraud,  except  the  honesty  and  attention 
to  duty  of  the  receivers  of  ballots. 

To  guard  against  the  improper  placing  of  tickets 
in  the  boxes,  they  have  been  made  of  guiss,  so  that 
the  interior  might  be  open  to  the  inspection  of  the 
bystanders,  and  any  surreptitious  introduction  of 
tickets  therein  at  once  discovered. 

The  ballot  was  used  in  ancient  times.  It  has  been 
suggested  that  of  this  character  was  the  Urim  and 
Tkwnmim  spoken  of  in  Exodus  xxviii.  80  :  — 

"And  thou  [Moses]  shaltput  in  the  breastplate  of 
judgment  the  Urim  and  the  Tnummim,  and  they  shall 
be  upon  Aaron's  heart  when  he  goeth  in  before  the 
Lord  :  and  Aaron  shall  bear  the  judgment  of  the 
children  of  Israel  upon  his  heart  before  the  Lord 
continually." 
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The  coi^ecture  that  white  and  black  stones  were 
contained  in  the  pocket  behind  the  breastplate,  and, 
being  taken  out  by  the  high-priest  in  consultation, 
ffave  affirmative  and  negative  answers  respectively, 
IS  not  supported  by  the  weight  of  authority.  It  is 
rather  supposed  that  images  representing  respective- 
ly UVf  light,  and  Thorny  perfection,  were  placed  in 
tne  breastplate,  and  indicated  by  a  certain  luminos- 
ity, or  by  a  failure  to  respond,  an  affirmative  or  a 
negative  answer  to  the  question  propounded.  Such 
images,  emblematical  of  truth,  were  used  in  ancient 
Egypt,  Greece,  Rome,  and  also  in  China,  as  well  as 
among  the  Hebrews.  The  image  was  suspended  by 
a  cord,  so  as  to  lie  over  the  heart  of  the  judge  and 
the  high-priest.  Aaron  became,  in  a  certain  sense, 
a  judge  in  the  matters  of  conscience  or  religious 
polity  which  were  submitted  to  him.  See  Adam 
Clark's  commentary  on  Exodus  xxviii.  SO. 

Ovid,  in  his  "Metamorphoses,"  lib.  xv.  verse  41, 
as  rendered  by  Dryden,  says  :  — 

"  A  eostoiin  was  of  old,  and  still  remains. 
Which  life  or  death  b  j  suffirages  ordains : 
WMu  stones  and  Hade  within  an  nm  are  cast ; 
The  first  absUvt^  but /al<  is  in  the  last." 

In  the  promise  to  the  Church  of  Philadelphia, 
also :  — 

"To  him 
that    over- 
cometh  will  I 
give  ....  a 
whUe    stone, 
and    in    the 
stone  a  new 
name     writ- 
ten, which  no 
manknoweth  6 
save  he  that  V 
receiveth  it."  ) 
—Rev,  ii.  17.  J 

White  was 
the  emblem 
of  purity, 
pardon,  ac- 
c  e  p  t  a  n  c  e, 
choic^,  tri- 
umph, ac- 
cording  to 

the  occasion.  By  white  stones  judges  indicated  their 
verdict,  the  people  voted  their  suffrages ;  and  a  white 
stone  was  to  the  conqueror  in  the  public  games  the 
token  of  his  triumph.  Such  a  white  stone  was  in- 
scribed with  the  name  of  the  conqueror,  and  entitled 
him  to  be  maintained-for  life  at  the  public  expense. 
The  Athenian  magistrates  were  chosen  by  lot.  Black 
and  white  beans  were  placed  with  the  names  in  the 
urns,  and  the  names  drawn  out  with  a  white  bean 
were  elected. 

The  tesseroB  hospitoUes  seem  to  have  been 
particularly  referred  to  in  the  verse  in       _^^^  F 
Revelation.     These  were  a  sort  of  tally  : 
two  pieces  of  stone,  bone,  wood,  or  ivory 
were  en^ved  with  some  common  device, 
and  a  piece  was  kept  by  each  of  the  two  parties  con 
tractingti  league  of  mutual  friendship  and  assistance. 
Such  were  handed  down  in  the  respective  families, 
and  guaranteed  to  the  holders  all  the  accommoda- 
tions and  offices  of  friendship  when  visiting  at  the 
house  of  the  holder  of  the  other  portion.    Plautus  re- 
fers to  the  custom.   See  Adam  Clark  in  his  comments 
on  this  passage,  and  the  authors  referred  to  by  him. 

Secret  voting  was  practiced  by  the  ancient  Greeks 
and  modem  Venetians,  from  the  latter  of  whom  we 
derive  the  term  "ballot."  A  tract,  "  The  Benefit  of 
the  Ballot,"  was  published  by  Marvell  in  1693. 


Ball-peen  Ham'mer.  A  metal-worker^s  ham- 
mer with  a  spherical  peen. 

Ball-ftorew.  ^  An  implement  for  extracting  bul- 
lets from  the  barrel  of  a  ^^un  in  cases  where  it  would 
be  dangerous  or  impossible 
to  expd^  them  by  firing.     It  Fig*  M8- 

is  screwed  on  to  the  end  of 
the  ramrod,  which,  being 
turned,  causes  the  screw- 
thi-eaded  pointed  end  of  the 
tttll-screw  to  enter  the  bul- 
let, which  is  then  withdrawn 
by  pulling  the  ramrod.  The 
common  form  is  shown  at  a, 
Fig.  549.  Ii  ^ 

Witzleben's  ball-screw,  S 
6,  has  two  jaws  with  sharp-  g 
edged  interior  shoulders,  con-  Batt^Serews. 

stituting  a  portion  of  a  con- 
cave screw-thread,  which  enters  the  bullet  to  prevent 
it  from  slipping  from  the  grasp  of  the  jaWs. 

Ball-treuiL  (MetcU'iaorking.)  A  set  of  rolls  for 
rolling  puddler's  balls  into  bars.  The  word  train 
signifies  that  more  than  one  pair  is  used,  the  first 
being  crushing  rolls  and  the  second  finishing.     The 

Fig.  660. 


BaO-Tnim. 

result  of  the  action  of  the  two  is  &ar-iron.  See  Roll- 
ing-mill. 

Ball-trolly.  A  small  iron  truck,  used  in  con- 
veying the  balls  of  puddled  iron  from  the  puddling- 
fumace  to  the  tilt-hammer  or  squeezer. 

Ball-tombing  Latha     A  wood-turner's  lathe 

Fig.  661. 


BaU-Tmnimg  j 
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for  spherical  objects,  which  are  held  in  a  chuck  on 
the  five-spindle,  while  the  tool  has  an  adjustment 
in  a  horizontal  arc  whose  center  is  coincident  with 
that  of  the  ball. 

The  block  from  which  the  ball  is  turned  is  sup- 
ported at  one  end  only.  The  chucks  are  perforated, 
and  the  tool  is  mounted  on  a  swing-rest  having  a 
vertical,  lateral,  and  a  longitudinal  adjustment  in 
its  socket,  and  also  a  horizontal  swinging  movement 
across  the  axis  of  the  mandrel.  K  is  the  rest  on 
which  the  tool-holder  J"  swings.  The  duty  of  the 
hammer  if  i^  is  to  knock  the  finished  balls  out  of 
the  chuck. 

Ball-valve.  A  valve  of  spherical  shape,  occupy- 
ing a  hollow  segmental  seat ;  raised  by  the  pas- 
sage of  the  fluid,  and  descending  by  gravity.  See 
Back-pressure  Valve. 

Ball-vein.  {Mining,)  A  species  of  iron-ore, 
found  in  loose  masses  of  a  circular  form,  containing 
shining  particles. 

Bal-mor'aL  1.  (Fcibric,)  A  striped  woolen  stuff, 
deriving  its  name  from  Balmoral  Castle  in  Scotland. 

2.  A  sort  of  ladies'  boot,  lacing  in  front. 

Bal'ne-nm.  A  vessel  filled  with  some  heated 
substance,  as  sand  or  water,  in  which  a  thin^  is 
placed  for  treatment  that  requires  a  more  gentle  heat 
than  the  naked  fire. 

Bal'sa.  ^Nautical.)  A  raft  used  on  the  coast  of 
South  Amenca,  consisting  of  two  inflated  seal-skins, 
which  are  fastened  together  at  one  end  to  form  the 
prow,  and  separated  abaft  by  means  of  a  plank. 
Flexible  tubes  for  inflation  are  within  reach  of  the 
navigator,  who  replenishes  the  bags  as  tliey  require. 
The  raft  is  floored  with  sticks  and  matting,  and  pro- 
pelled by  a  double-bladed  paddle.  It  is  landed  on 
the  shore  by  the  descending  breaker,  and  immediately 
secured,  to  pi-event  its  being  drawn  back  by  the  re- 
treating wave.  It  carries  three  passengers  besides 
the  navigator. 

The  Catamaran  (which  see)  is  often  called  by 
this  name. 

Bal'ns-ter.  (Joinery,)  A  small  pillar  support- 
ing a  hand-rail,  coping,  balcony,  or  terrace.  A  row 
of  such  makes  a  bcUtistrade.  They  are  usually  cast 
hollow,  or,  when  solid,  are  turned  out  of  stone  or 
wood.  The  balusters,  hand-rails,  and  base  ar6  some- 
times made  of  swaged  sheet-metal. 

Bal-us-trade'.  A  hand-rail  with  its  supporting 
balusters,  such  as  that  of  a  terrace,  parapet,  oalcony, 
staircase,  altar,  chancel,  or  inclosure. 

Bal'tiB-tre.  (Fabric. )  A  superior  variety  of  gold 
cloth,  manufactured  at  Vienna. 

Bad-za-rine'.  (Fabric,)  A  light  mixed  material 
of  worsted  and  cotton  for  ladies'  (&esses. 

Band.  1.  (Vehicle.)  A  circular  collar,  hoop,  or 
strap,  such  as  that  on  a  nave  ;  a  hub-band  ;  an  axle- 
band. 

2.  (Archileciure.)  a.  A  narrow,  flat  projecting 
surface.  When  narrow,  it  is  a  fillet ;  wiaer,  it  is  a 
facia. 

b.  The  leaden  came  which  holds  the  lozenge-shaped 
panes  in  the  old-fashioned  casement  windows. 

3.  {Fire-Arms.)  One  of  the  metallic  sleeves  which 
bind  the  barrel  to  the  stock  of  a  musket,  etc. 

4.  (Bookbinding,)  a.  One  of  the  cords  at  the  back 
of  a  book  to  which  the  thread  is  attached  in  sewing. 
Though  now  a  cord,  it  was  formerly  a  flat  band,  and 
hence  the  name.  It  usually,  in  the  better  forms  of 
binding,  makes  a  raised  projection  on  the  back,  and 
in  large  blank-books  is  formed  by  glueing  strips  of 
mill-board  or  leather  across  the  back.  In  a  fine 
breviary  of  the  fourteenth  century,  in  J.  S.  Grin- 
nell's  collection,  it  is  a  thick,  rounded,  white  leather 
cord  secured  to  beechwood  side-boards. 


b.  The  head-hand  serves  as  a  finish  to  the  top  and 
bottom  of  the  sheets,  and  helps  to  keep  the  upper 
and  lower  parts  of  the  back  in  shape  when  the  book 


5.  (Htisbandry.)  A  bundle  of  eight  or  ten  stalks 
of  wheat,  or  other  small  grain,  used  to  bind  a  ga^ 
of  the  grain  into  a  sheaf. 

Corn-shocks  are  bound  with  stalks^  or  with  string, 
linn-bark  (linden  or  bass),  or  rye-straw. 

String  or  wire  is  the  usual  band  on  the  automatic 
binding  apparatus  of  reaping  and  binding  machines, 
but  a  bunch  of  straw  out  of  the  sheaf  is  used  in  some 
machines. 

6.  (Machinery.)  A  flexible  connection  between 
pulleys,  generally  endless,  but  sometimes  attached 
by  its  respective  ends  to  reciprocating  sectors,  or  a 
sector  and  slide. 

Bands  may  be  classed  as  belts^  cords,  or  chains. 

A  belt  is  generally  flat  and  thin,  and  requires  a 
nearly  cylindrical  pulley. 

A  cord  is  usually  circular  in  section,  and  made  of 
catgut,  raw-hide,  twisted  fibers,  or  wire.  It  requii'es 
a  grooved  pulley, 

A  chain  consists  of  links  or  jointed  bars,  and  re- 
quires a  ^oved,  notched,  or  toothed  drum. 

7.  A  cincture,  strap,  or  cord,  with  a  means  of 
fastening  the  ends  together,  and  used  to  confine  the 
materials  of  a  bale,  truss,  or  bundle.   See  Bale-tie. 

Band'age.  (Surgical.)  A  strip  or  piece  of  fabric, 
cotton,  linen,  or  woolen,  or  an  elastic,  knitted,  or 
shirred  fabric  for  wrapping  any  part  of  the  body. 
They  are  applied  to  dress  fractured  or  lacerated  parts, 
for  the  compression  of  bloodvessels  and  the  retention 
in  their  natural  situations  of  protruding  or  displaced 
parts. 

They,  are  simple  or  compound. 

They  are  named  from  their  purposes,  as  — 

Uniting^  dividing^  expelling,  retaining,  compress- 
ing,  suspensory,  varicose-vein,  fracture,  catamsnial. 

They  are  named  from  their  forms,  as  — 

The  axia,  like  an  axe. 

The  spica,  like  an  ear  of  wheat. 

The  capistrum^  a  split  cloth  bandage  to  support 
the  lower  jaw. 

The  chiaster,  a  cross-shaped  bandage  for  stopping 
hemorrhages  from  the  temporal  artery. 

The  4-tailed  bandage,  made  from  a  single  split 
cloth,  and  also  known  as  Galen's. 

The  figure  8,  the  T,  the  letter  D,  the  ^dialed,  or 
star- shaped,  the  circular,  the  spiral,  the  reversed, 
the  l^-tailed,  etc.  . 

They  are  also  named  from  the  materials  with  which 
they  are  treated,  as  starch,  dextrine,  plaster  of  paris, 
etc. 

Ban-dan'na.  (Fabric. )  An  India  silk,  printed 
in  one  color  with  white  spots  or  ornaments  made  by 
the  resist  or  the  discharging  process.     Bandannms. 

In  the  resist  process,  the  spots  are  printed  with  a 
composition  to  resist  the  dye  by  which  the  ground- 
color is  given.  Subsequent  washing  then  removes  the 
dye  from  the  spots,  the  ground-color  remaining  intact. 

In  the  discharging  process,  the  whole  handkerchief 
is  dyed  of  one  color,  and  is  then  printed  in  spots 
with  a  composition  which  discharges  the  dye  at 
those  points,  so  that,  in  washing,  the  spots  come  up 
white. 

One  mode  of  making  the  white  spots  in  bandanna 
goods  is  by  causing  a  solution  of  chlorine  to  perco- 
late down  through  the  red  cloth  in  points  circum- 
scribed and  defin^  by  the  pressure  of  leaden  ptattem- 
plates  in  a  hydraulic  press,  thereby  dischai^g  the 
color  in  certain  places. 

Band-oonpOing.  A  device  for  uniting  the  two 
ends  of  a  band.    This  may  be  a  pair  <^  ferrules,  with 
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a  ball  and  socket  respectiyely,  a  hook  and  eye,  strap 
hinges  with  a  pintle,  etc.     See  Belt-Coupling. 

Band-out'tiiig  Ma-ohine^  (Agriculture.)  An 
attachment  to  a  thi-ashing-machine  to  cat  the  bands 
of  the  sheaves  as  they  are  thrown  upon  the  feed- 
board.  The  band  being  cat,  the  sheaf  is  spread  out 
and  then  pushed  head  foremost  into  the  ^roo^,  whence 
it  passes  between  the  cylinder  and  the  concave,  each 
of  which  is  toothed. 

In  England,  they  prefer  to  save  the  straw  in  a  less 
mangled  condition,  and  feed  in  sideways ;  the  beaters 
being  bars,  not  teeth. 

Bandp-driv'er.  A  tool  used  in  correcting  irregu- 
larities in  the  bands  of  machinery. 

Band'ed  Corunm.  (Architecture.)  One  hav- 
ing cinctures  at  intervals. 

%an'de-lore.  A  toy  illustrating  the  effect  of 
gravity  in  producing  a  rotary  motion.  It  consists 
of  two  disks,  with  a  deep  groove  between  them,  on 
which  is  a  winding  cord.  The  latter  bein^  coiled  in 
the  groove,  the  bandelore  is  dropped,  unwinding  the 
cord ;  at  the  end  of  its  stroke,  the  rotary  motion  be- 
ing continued,  it  rewinds  on  the  cord  in  the  opposite 
direction,  and  climbs  to  nearly  its  original  hlgbt.  By 
a  little  humoring  and  motion  of  the  hand,  it  may  be 
made  to  rewind  the  whole  length  of  cord. 

Band'ing-plane.  ( Wood-worhin^,)  The  band- 
ing-plane is  allied  to  the  gages,  and  is  intended  for 
cutting  out  grooves  and  inlaying  strings  and  bands 
in  straight  and  circular  works,  as  in  the  rounded 
comers  of  piano-fortes  and  similar  objects.  It  bears 
a  general  resemblance  to  the  plow,  but  also  has  the 
double-pointed  scorer  of  the  grooving- plane.  The 
central  plate  of  the  plow  is  retained,  so  as  to  furnish 
a  guide  for  the  central  positions  of  the  router  and 
cutter,  which  are  insert^  so  as  to  meet  at  an  angle 
of  about  80**  between  two  short  portions  of  the  central 
plate.  The  whole  of  the  parts  entering  the  groove 
are  compressed  vdthin  the  space  of  one  inch,  to  pass 
through  curvatures  of  small  radius.  A  flexible  steel 
fence  is  attached  to  the  plow  by  two  stays  at  its  ends, 
while  to  the  central  part  is  attached  a  screw  adjust- 
ment to  confer  upon  the  fence  any  required  curva- 
ture, convex  or  concave. 

Band'ing-ring.  (ffat-making. )  Runner  -  daton. 
A  ring  pass^  over  the  body  of  a  hat  while  on  the 
block,  so  that  its  edge  shall  impinge  upon  the  breaJc 
of  the  band,  and  form  the  brim  at  right  angles  to 
the  crown  in  the  process  of  blocking. 

Bandlet  (Architecture. )  A  small  fillet  or  mold- 


ing. 
Ban'c 


A'dore.    (Music. )    An  ancient  stringed  instru- 
ment resembling  a  lute  ;  referred  to  in  Pepys's  '*  Di- 
ary," 1662, — '*  and  music  with  a  bandore  for  the  base." 
Band-pnlley.    (Machinery.)   A  flat-faced  wheel 
j^  gg2.  ^ed  on  a  shaft  and 

driven  by  a  band. 
It  is  connected  either 
immediately  or  me- 
diately through  oth- 
er pulleys,  with  any 
power  which  drives 
machinei^. 

The  illustration 
shows  a  two-part  pul- 
ley, having  flanges, 
connected  by  bSlts 
and  nuts,  on  the  hub 
and  rim.  A  drum. 
Banderol.  1. 
(Architecture.)  A 
form  of  spiral  mold- 
ing in  Gothic  archi- 
Tioo-Part  Puttey.  tecture.     Bandrole. 


2.  (Nautical.)  A  little  sti-eamer  from  a  mast- 
head. 

BandHia^^.  The  band-saw  consists  of  an  endless 
steel  belt  running  over  wheels  and  revolved  continu- 
ously. It  is  pliable,  so  as  to  conform  to  the  faces 
of  the  wheels,  and  is  serrated  on  one  edge.  The  ends 
are  joined  by  solder  and  b^  neat  clamps.  Arrange- 
ments are  made  for  straining  the  saw  oy  regulating 
the  relative  distance  of  the  wneeb  ;  this  acljustment 
also  permits  the  machine  to  take  in  saws  of  different 
len^s.  One  advantage  of  the  band-saw  over  the 
reciprocating  saw  is,  that  there  \s  no  lost  time  in  its 
operation,  and  no  effort  required  to  keep  the  work 
to  the  table,  as  the  action  of  the  saw  tends  to  this 
result.  There  is  no  need  of  a  pump  or  blower  to 
clear  awav  the  sawdust,  as  it  is  earned  continually 
downward. 

In     the     machine  Fig.  668. 

shown  there  are  sev- 
eral adjustments:  one  ^ 
by  weighted  arm  a, 
for  raising  the  boxing 
of  the  upper  wheel, 
and    thus    straining 
the  saw  ;  another  by 
wheel  6,  for  raising 
or  lowering  the  table 
c,  on  whicn  the  work  y 
is  placed ;  a  wheel  d,    i 
by  which   the    saw-  [j 
guide  e  is  raised  or  U 
h>wered,  to  bring  it  \ 
into  the  vicinity  of 
the  upper  surface  of 
the  work  ;    a  wheel 
by  which  the  ta- 
le is  inclined  when 
the  work    is   to   be 
sawed  to  a  level. 

In    the    band-saw 
represented  by  Fig.  654,  the  standard  A  supports  a 
frame,. on  which  is  an  upright  sliding-block  and 

Vlg.66i. 
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Band-Saw. 


arm  sustaining  a  horizontal  shaft  running  in  boxes. 
On  this  shaft  is  hung  the  upper  wheel  B,  which,  by 
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means  of  the  screw  and  hand-wheel  (7,  can  be  ele- 
vated or  lowered  as  the  length  of  the  saw  demands. 
The  lower  portion  of  the  frame,  under  the  table, 
supports  the  lower  shaft^and  wheel,  which  is  driven 
by  the  pulleys  Z).  The  two  wheels  have  a  flange, 
against  which  the  back  of  the  saw  bears,  and  me 
faces  of  the  wheels  are  covered  with  vulcanized  rub- 
ber resting  on  a  bedding  of  strong  cloth.  This  gives 
sufficient  adhesion  to  the  saw  to  msure  its  action  as 
a  belt  without  slipping. 

From  the  front  of  the  upper  frame  depends  a  ver- 
tical bar  E,  sliding  in  boxes,  to  which  it  may  be 
secured,  at  any  hight  required  to  accommodate  the 
stuff  to  be  sawed,  by  the  thumb-nuts  F,  On  the 
lower  end  of  the  bar  is  a  guide  O,  having  four  sides 
with  recesses  of  varying  depth,  to  accommodate  the 
various  width  of  ditferent  saws.  This  guide  is  in 
two  parts,  held  together  by  a  screw-bolt,  and  gradu- 
ated in  the  distance  of  their  faces  by  means  of  the 
screw-bolt  and  a  four-pronged  spring.  The  saw  runs 
at  the  rate  of  4,000  feet  per  minute. 

In  the  Endish  practice,  the  minimum  diameter  of 
band-saw  piuley  is  set  at  30  inches ;  but  for  wider 
saws  the  diameter  must  be  increased  :  thus  saws  of 
2  inches  to  3  inches  wide  ought  not  to  be  worked 
over  pulleys  of  less  than  42  inches  in  diameter,  and 
for  a  olade  6  inches  wide  the  pulleys  should  be  70 
to  80  inches. 

Band-wheeL  (Afaekinery.)  This  is  sometimes 
termed  a  pulley,  —  a  term  which  has,  however,  par- 
ticular relation  to  tackle.  The  band-wheel  has  a 
nearly  flat  or  a  grooved  face,  according  to  the  shape 


Fig.  666. 


Band- Wheel, 

of  the  band.  If  it  be  flat,  the  face  of  the  pidley  is 
slightly  rounded  so  as  to  keep  the  band  from  run- 
ning off.  If  the  band  be  rouno,  the  pulley  is  grooved 
to  retain  it,  as  in  the  wheel  on  the  mandrel  of  the 
common  foot-lathe. 

Ban'gle.    1.  (Nduiical.)    The  hoop  of  a  spar. 

2.  An  ornamental  ring,  worn  upon  the  arms  or 
ankles  in  Asia  and  Africa. 

Ban'gra.  {Fabric.)  A  coarse  Indian  cloth,  made 
fh>m  the  fiber  of  a  gigantic  stinging-nettle. 

Ban'is-ter.  1.  (ArchUeeture.)  Originally,  bal- 
uster. One  of  the  vertical  supports  of  a  hand-rail 
on  a  balcony  or  stairs.  Also  the  hand-rail  itself. 
**  He  ascended,  holding  on  by  the  banisters." 

The  baluster  has  a  curved  outline,  and  is  freauently 
provided  with  a  base  and  cap,  or  ornamental  mold- 
ings, while  banisters  may  be  plain  or  square. 

2.  A  broad  central  upright  in  a  chair-back. 

Ban'Jo.  1.  (Mtisic.)  A  five-stringed  musical  in- 
strument having  a  head  and  neck  like  a  ffuitar,  and 
a  body  like  a  tambourine,  consisting  of  a  circular 
frame  overwhich  sheepskin  or  parchment  is  stretched ; 
it  is  of  almost  univer»d  use  among  the  negroes  in  the 
Southern  States.  Its  simplicity,  and  the  ease  with 
which  it  is  made  and  played,  no  doubt  made  it  such 
a  general  favorite  among  them.  Its  thrumming  sound 


has  a  near  resemblance  to  the  tam-tam  of  the  Afri- 
cans and  the  Orient.  The  latter  is  a  lizard's  skin 
stretched  over  a  gourd ;  a  tambourine,  a  sort  of  drum. 

The  guitar  appears  in  the  sculptures  of  ancient 
E^^t  and  Nimroud,  and  is  much  used  in  modem 
Onental  countries. 

In  the  kermaitjeh,  or  Syrian  fiddle,  the  bridge- 
piece  is  supported  upon  the  parchment  cover  of  me 

2.  {Nautical.)  The  brass  frame  in  which  a  screw- 
propeller  is  hung  for  hoisting. 

Bank.  1.  (QMoiif  etc.)  A  creel  for  holding  rows 
of  bobbins  ;  a  eopping-plate  or  coppiiig-rail. 

2.  {Glass,)    The  floor  of  a  glass-melting  furnace. 

8.  {Music. )  A  bench  of  keys  of  a  strin^sd  or  wind 
instrument.    Generally  applied  to  organs  which  have 


Fig.  666. 


several  key-boards  or  banks  of  kevs  belonging  to  the 
different  aggregated  organs,  whicn  combine  to  form 
an  instrument  of  great  power. 

Such  instruments  are  made  up  oit^  choir  organ,  grtai 
oigan,  and  swell,  to  which  may  be  added  a  pedal  or- 
gan OT  foot-keys,  for  acting  on  the  laiger  pipes.  Each 
of  these  is  adapted  for  particular  effects  :  the  choir 
organ  for  light  and  solo  parts ;  the  great  organ  for 
powerful  effects  ;  the  sivell  for  crescendo  and  dimimi- 
endo  effects.  Each  has  its  key-board,  one  rising 
above  another  in  front  of  the  performer,  and  aQ 
within  convenient  reach. 

The  keys  are  thus  arranged  in  three  banks  or  tiers 
in  the  case  described,  and  the  keys  of  one  bank,  by 
a  suitable  device  which  may  be  thrown  in  or  out 
of  action  as  desired,  may  be  coupled  to  Uie  correspond- 
ing keys  of  another  bank,  so  that  the  pressure  on 
one  is  communicated  to  the  other,  to  give  the  com- 
bined effect  with  a  single  manipulation. 

Churoh  reed-organs  on  a  smaller  scale  and  of  por- . 
table  size  are  frequently  double-banked,  the  keys  of 
one  bank  beine  concerned  in  the  use  of  a  powerful  set 
of  stops,  and  those  of  the  other  with  other  stops  of  a 
more  mellow  and  moderate  tone.   See  Stop  ;  Organ. 

The-  oi^jran  of  S.  Alessandro  in  Colonna,  at  Ber- 

fetmo,  built  by  Serassi  in  1782,  has  four  banks  of 
eys  and  100  stops.  The  first  and  second  bank  be- 
long to  the  great  organ  and  choir  organ  ;  the  third 
is  connected  by  mechanism,  which  passes  under- 
ground to  a  distance  of  115  feet,  to  a  third  great 
organ  in  another  part  of  the  church  opposite  the 
first. 

The  ckmers  of  the  Continental  European  churches 
are  freauently  fixed  in  a  detached  upright  console, 
at  whicn  the  oi^ganist  sits  facing  the  altar  and  con- 
^gation,  so  as  to  be  able  to  watch  the  service  and 
mtroduce  the  music  at  the  proper  times. 

4.  {Mining.)  The  tace  of  the  coal  at  which  miners 
are  working. 

5.  {Nautical. )  a.  One  tier  of  oars  in  a  galley. 
When  a  galley  is  propelled  by  rowers  seated  on  two 
or  more  tiers  of  bencnes,  one  above  another,  the  gal- 
ley is  said  to  be  double-banked,  triple-banked,  etc 

b,  A  seat  for  rowers  in  a  galley ;  a  thwart. 
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Common  galleys  haye  25  banks  on  a  side,  one  oar 
to  a  bank  and  four  men  to  an  oar.  OcUeasaes  have 
82  banks  on  a  side,  and  six  or  seven  rowers  to  a  bank. 

c.  An  oar  is  single-banked  when  it  is  rowed  by  one 
man.  An  oar  is  double-banked  when  pulled  by  two 
men,  as  the  captain's  barge.  This  term  is  also  some- 
times applied  when  separate  oars  are  pulled  by  two 
men  sittmg  on  the  same  seat. 

6.  {Printing.)  a.  A  wooden  table  for  holding  the 
paper  to  be  fed  to  the  hand-press.  The  paper  is 
slipped  off  the  bank  on  to  a  slanting  board  called 
the  horse,  from  whence  it  is  taken  sheet  by  sheet. 

b.  The  support  of  the  moving  carriage  of  a  print- 
ing-press. 

Bank-a-larm'  TeFe-graph.  An  apparatus  for 
conveying  to  a  director's  room,  or  police,  notice  of 
surreptitious  entering  of  the  bank,  or  for  conveying 
regular  notices  of  "  All 's  well." 

Bank'er.  1.  (Bricklaying.)  A  bench  used  by 
bricklayers  in  dressing  bricks  to  a  shape  suitable 
for  skew  or  gaged  work,  domes,  niches,  etc.  On  one 
end  of  it  is  a  grit-stone  called  a  rubbiii-g-stane,  and 
on  other  portions  is  room  for  operating  upon  the 
bricks  with  the  tin-saw,  by  which  ker/s  are  made  in 
the  bricks  to  the  depth  to  which  they  are  to  be  hewn. 
An  axe  is  used  for  dressing  off  the  surface. 

2.  {Fine  Arts.)  A  modeler's  bench.  It  is  about 
80  inches  high,  and  has  a  top  30  inches  square.  On 
this  is  a  circular  platform  which  turns  on  wheels,  so 
that  the  figure  can  be  revolved  to  expose  any  portion 
to  the  light. 

3.  {Nautical.)  A  vessel  in  the  deep-sea  cod-fish- 
ery on  the  Newfoundland  Banks. 

4.  A  seat  cushion. 

Bank'ing.  1.  {Engraving.)  Raising  a  wall  of 
wax  around  an  etching  on  a  plate,  to  form  an  em- 
bankment to  hold  the  acid  used  in  biting-in.  See 
Etching. 

2.  {Steam- Ejigifieering.)  Banking  up  the  fires 
consists  in  raking  them  to  the  bridge  of  the  fumaee, 
and  then  smothering  them  with  cinders  and  small 
coal,  the  draft  being  at  the  same  time  checked. 
By  this  means  the  fir^  are  kept  in  a  state  of  languid 
combustion,  but  are  ready  to  bum  up  briskly  again 
when  steam  is  wanted  at  short  notice,  the  red-hot 
mass  being  then  broken  up,  raked  forward,  and  the 
draft  readmitted. 

The  fire  is  said  to  be  drawn  forward  when  fuel  is' 
added  and  the  draft  turned  on. 

Bank-note.  A  promissory  note  issued  by  a 
bank,  and  intended  to  circulate  as  currency. 

Chinese  paper  money  was  issued  about  A.  d.  1100. 
"  Blest  paper  credit,"  as  Byron  says.  Genghis  Khan 
issued  paper  money,  but  all  his  power  could  not  give 
it  a  purchasing  value  above  fifty  per  cenfr  of  its 
face. 

In  "The  Book  of  the  Balance  of  Wisdom,"  by 
Al-Khftzinl,  a  learned  Arab  of  the  twelfth  century, 
occurs  the  remark  that,  in  the  first  division  of  his 
book,  are  *  *  added  chapters  on  exchange  and  the  mint, 
in  connection  with  tne  mode  of  proceeding,  in  gen- 
eral, as  to  things  salable  and  legal-tenders. 

The  Bank  of  England  commenced  business  at 
Grono's  Hall,  Poultiy,  London,  in  1695.  No  notes 
were  issued  under  £  20. 

Notes  of  £  6  were  issued  in  1798. 

Bank-note  Bn-grav'ing.  The  chief  object  in 
the  manufacture  of  bank-notes  is  to  render  forgery 
impossible,  or  at  least  easy  of  detection.  This  is 
sought  to  be  effected  by  peculiarity  of  paper,  design, 
and  printing  ;  or  by  a  combination  of  these  means, 
as  is  done  in  the  Bank  of  England  and  other  banks. 
The  mechanical  design,  however,  has  chiefly  been 
relied  on  for  security.    It  has  been  the  constant  aim 


to  make  the  impression  such  as  to  render  the  genu- 
ine note  readily  distinguishable  by  the  public  for  its 
high  art,  and  to  the  bank  ofl^cials  by  secret  peculiar- 
ities in  its  execution.  Until  about  1887,  copper- 
plate printing  was  the  only  process  in  use  for  bank- 
notes. In  that  year,  however,  Perkins  effected  his 
valuable  improvements  in  practical  engraving.  In 
1855,  electrotype  printing  was  introduced  in  the 
Bank  of  England  by  Mr.  smee,  and  since  that  time 
the  notes  have  been  produced  by  surface-printing  by 
the  electrotype. 

The  design  is  engraved  in  relief  on  separate  pieces 
of  metal,  —  copper,  brass,  and  steel.  From  the  ag- 
gregated pieces  a  matrix  is  obtained  by  electro-depo- 
sition, and  from  this  a  plate  is  obtained  by  the  same 
means.  When  backed  and  mounted  the  plate  is 
used  for  surface-printing. 

In  America  and  in  the  Bank  of  Ireland,  the  plates 
are  prepared  accordinjj  to  Perkins's  method.  The 
separate  designs  forming  the  complete  bank-note  are 
firet  engraved  by  hand  on  separate  steel  blocks,  which 
are  afterwards  hardened,  and  are  preserved  as  per- 
manent patterns  not  to  be  printed  from.  These 
engravings  are  transferred  to  the  steel  roUers  under 
heavy  pressure,  the  rollers  being  afterwards  har- 
dened and  used  as  dies  to  impress  the  engraving  upon 
the  printing-plates.  The  engraved  plates  for  pnnt- 
ing  the  bank-note  are  made  of  soft  steel,  and  are 
never  hardened  after  bein^  engraved.  Being  of  large 
size,  —  20  inches  by  16  inches,  —  they  would  most 
probably  lose  their  flatness  in  hardening.  Another 
reason  for  not  hardening  the  plates  lies  in  the  fact 
that,  when  worn,  the  soft  plates  are  easily  repaired 
by  re-application  of  the  rollers  thereto. 

The  printing-plate,  when  receiving  its  first  im- 
pression from  tne  master  roller  or  die,  is  fixed  upon 
the  table  of  a  strong  press,  from  which  a  pressure  of 
10,000  pounds  can  be  obtained,  the  pressure  being 
regulated  as  required  by  means  of  a  weighted  lever. 
The  position  of  two  register-points  in  the  plate  is 
accurately  noted  by  means  of  a  micrometer  micro- 
scope, and  registered  in  a  book  kept  for  the  pur- 
pose. The  master-roller  is  then  passed  over  the 
plate  by  the  machine  under  the  heavy  pressure,  be- 
ing very  steadily  guided  by  a  special  parallel-motion 
arrangement,  ^he  table  is  provided  with  complete 
adjustments  of  peculiar  dehcacy,  and  the  pressure 
of  the  engraving  roller  upon  the  plate  is  not  pro- 
duced by  the  rofler  descending  upon  the  plate,  out 
by  the  table  being  raised  up  to  the  roller. 

When  a  plate  requires  renewing,  it  is  again  fixed 
upon  the  table  in  the  same  position  as  before  by 
means  of  the  micrometer  microscope  and  the  register 
of  its  position  ;  the  roller  being  passed  over  it 
deepens  those  parts  of  the  impression  which  the 
continuous  printing  has  worn  away. 

Bank-pro-teo'tor.  {Hydraulic  Engineering.) 
To  prevent  the  washing  away  of  banks  by  the  action 
of  waves  or  currents.  See  Fascine  ;  Groin  ;  Sheet- 
piling  ;  Crib ;  Pitching ;  Retaining-wall ;  Dike; 
Sea-wall,  etc. 

Ban'ner.  A  smaU  fringed  flag,  depending  from 
its  staff  by  cords  attached  to  the  ends  of  a  cross- 
piece. 

Ban-qnette'.  1.  (Fortifi4xUion.)  A  raised  bank 
at  the  foot  of  the  interior  slope  of  a  parapet,  on  which 
the  soldier  stands  to  deliver  his  fire.  See  Intrench- 
ment;  Abattis. 

A  banquette  is  also  found  in  some  fortifications  at 
the  foot  of  the  counterscarp,  to  enable  defenders  to 
fire  over  the  crest  of  the  glacis. 

2.  {GivU  Engineering.)  a.  A  raised  footway  ad- 
joining the  parapet  of  a  bridge. 

b.  A  ledge  on  the  face  of  a  cutting. 
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Ban'tam-work.  Painted  or  carved  work,  re- 
sembling that  of  Japan,  only  more  gaudy. 

Bap'ta-te'rimn.    A  back-mill  or  fulling-mill. 

Baptia-ter-y.  (ArchiUeture.)  A  building  apper- 
taining to  a  cathedral  or  church,  or  a  portion  of  the 
church  itself,  in  which  the  ceremony  of  baptism  is 
performed.  If  a  separate  building,  the  baptistery 
was,  in  the  earlier  ages,  either  hexagonal  or  octago- 
nal in  plan ;  afterwsuxis  they  were  made  polygonal,  or 
even  circular. 

"When  within  the  church,  it  is  merely  the  inclo- 
sure  containing  the  font,  as  in  English  churches  of 
the  present  day. 

Bar.  A  word  of  various  signification  in  different 
branches  of  the  practical  arts  ;  as 

1.  {HydravZic  Engineering.)  a.  A  sedimentary 
deposit  in  a  river,  or  at  the  embouchure  of  one. 

0.  A  boom  of  logs  prexenting  navigation. 

2.  (Nautical.)  a.  A  lever  used  in  a  capstan. 
They  are  inserted  like  spokes  in  the  capstan-head, 
and  serve  to  rotate  it.  The  analogous  levers  in  a 
windlass  are  handspikes. 

h,  A  flat  iron  rod  securinfi;  a  hatch. 

c.  A  piece  of  iron  or  wood  to  secure  a  gun-port. 

8.  (Machinery.)  a.  A  bar -lathe  is  one  whose 
shear  is  a  single  piece,  frequently  triangular  in  sec- 
tion. 

h.  A  large  arbor  supported  between  the  centers  of 
a  lathe,  and  carrying  tne  cutter  by  which  a  cylinder 
or  gun  is  bored  out.    A  boring- 
bar.      See  Cylinder -borer; 

BORIKO-M  ACH INE. 

4.  (Mining.)  a,  A  drilling 
or  tamping  rod. 

b.  A  vein  running  across  a 
lode. 

5.  (Weamng^etc.)  kdirwing* 
bar  is  a  movable  operating  part 
in  a  lace-machine. 

A  bar-loom  is  a  small-ware 
loom. 

6.  (Printing.)  a.  The  por- 
tion connected  with  the  handle 
of  a  hand  printing-press,  and 
acting  to  depress  the  platen. 

b.  The  middle,  long  cross- 
piece  of  a  printer's  chase. 

7.  (Husbandry.)  Shifting 
rails  which  aw  removable  fixMn 

their  mortises  in  the  posts  are  termed  bars,  and  the 
complete  device  is  a  sort  of  substitute  for  a  field- 
gate. 

8.  (Saddlery.)  a.  One  of  the  side  pieces  uniting 
the  pommel  and  cantle  of  a  saddle-tree. 

b.  The  mouth-piece  of  a  bridle-bit  which  connects 
the  two  checks. 

9.  (Furnace.)  Oraie-bars  or  fire-bars  swpipOTt  the 
fuel,  and  rest  on  bearers. 

10.  The  croxobar  is  an  iron  lever  used  in  many 
ways. 

11.  (Carpentry.)  a.  A  horizontal  piece  of  timber 
or  metal  connecting  other  portions  of  a  framework. 

b,  A  crosswise  piece  of  wood  or  metal  held  by 
staples  or  bolts,  and  forming  an  inside  fastening  for 
door  or  shutter. 

c.  One  of  the  thin  strips  of  wood  forming  the 
divisions  of  a  sash. 

12.  (Vehicles.)  The  piece  to  which  the  traces  are 
attached  ;  a  splinter-bar  is  permanently  attached  to 
the  carriage  ;  an  equalizing-bar,  or  evener,  is  other- 
wise known  as  a  double-tru,  swings  on  a  pivot,  and 
has  a  single-tree  or  whiffle-tree  at  each  end. 

Bar'an-gay.  (Nautical,)  An  Indian  vessel  pro- 
pelled by  oar& 


Bar'ba-oan.  (Fort^fUxUion,)  a.  An  advanced 
work  to  defend  a  bridge,  gate,  or  approach.  Other- 
wise, barbican. 

b.  An  embrasure. 

c.  A  channel  or  scupper  in  a  parapet  to  dischaige 
water. 

Barb-bolt.  (Ma^inery.)  One  having  jagged 
edges  to  prevent  retraction  after  driving ;  a  rag-^U. 

Bar'be-cue.  In  the  Cingalese  treatment  of  cof- 
fee-berries this  is  the  dry  floor  on  which  coffee  is  sun- 
dried  after  the  pulp  is  grated  therefrom,  and  the 
beans  in  their  p^x^ment  envelope  have  undeigone 
a  prdiminary  soaking.  It  is  circular,  of  stone,  with 
a  white  plaster  surface,  sloping  away  from  the  center, 
and  smooth  as  glass.  The  cof^  is  sunned  upon  it  for 
four  days  without  removing  the  sac,  in  which  a  pair 
of  hemes  are  inclosed,  the  object  being  to  dry  it 
previous  to  being  dispatched  to  Kandy. 

Bar'ber'a  Chair.  One  adapted  for  the  special 
uses  of  a  barber,  with  a  vertically  adjustable  nead- 
rest,  arms,  an  elevated  footstool.  In  some  barber's 
chairs  thero  are  drawers  and  shelves  for  the  appara- 
tus and  appliances. 

Bar-bette'-e;im.  (Fortification,)  When  a  can- 
non is  mounted  so  as  to  be  fired  over  the  crest  of  the 
parapet  instead  of  through  an  embrasure,  it  is  said 
to  be  mounted  en  barbette. 

In  field-works,  a  mound  of  earth  is  thrown  up 
against  the  interior  slope  of  the  work  ;  its  upper 

ng.667. 


surface  is  nearly  level,  and  of  such  a  hight  as  to 
allow  the  gun,  mounted  on  its  carriage,  to  be  fired 
over  the  crest ;  a  slope,  termed  a  ramp,  is  made  at 
the  rear  of  tiie  barl^tte,  and  descends  to  the  terre- 
plein. 

The  parapet  may  be  on  the  summit  of  a  fort  which 
has  lower  tiers  of  guns  in  casemate,  or  it  may  be  a 
mere  earthwork.  The  term  barbette  is  from  the 
French,  as  are  almost  all  our  military  terms,  and 
it  means  a  work  adapted  to  be  fired  over,  and  yields 
a  certain  amount  of  protection  to  the  gunners,  the 
piece,  and  the  ammunition.  The  carriage  is  adapted 
to  be  run  "in  and  out  of  battery"  on  a  chassis,  and 
the  latter  has  a  dreular  motion  on  a  pintle,  to  enable 
the  guns  to  be  trained  horizontally. 

When  the  pintle  is  arranged  at  front,  as  shown  in 
the  figure,  the  amount  of  this  circular  motion  is  lim- 
ited ;  on  a  center-pintle  carriage  the  gun  may  be 
directed  toward  any  point  of  the  horizon.  Such  a 
gun  is  called  a  pivot-gun. 

Bar'bi-can.    See  Barbacan. 

Bar'oa.  (Nautical.)  A  Portuguese  two-masted 
vessel.     Used  also  in  the  Mediterranean.    Barcon. 

Bar-cat'ter.  (Metal-working.)  A  shearing-ma- 
chine which  cuts  metallic  bars  into  lengths. 
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Bar-Cuttar. 

The  purposes  are  various,  —  for  cutting  bars  into 
pieces  for  fagoting  and  reheating,  for  nail-plates, 
etc. 

Ba-rege'.  [Fabric.)  A  lady's  thin  di-ess-goods, 
all  wool,  plain  or  printed.  So  called  from  Bareges, 
a  town  in  the  Pyrenees. 

Bare-pump.  (Hydraviics.)  A  portable  suction- 
pump  for  drawing  liquor  from  casks.  Such  are 
used  in  vinegar  works,  in  wine  and  beer  cellars,  for 


Bare-Pump. 


sampling,  etc.  In  the  iUustration  the  piston  is  hol- 
low, and  carries  a  spring- valve,  which  closes  as  the 
piston  rises,  and  opens  to  allow  the  air  to  escape 
as  the  piston  descends. 

Bar-fram&  {Furnace.)  The  frame  which  sup- 
ports the  ends  of  the  grate-bars. 

Barge.  (NaiUicalT)  a.  A  vessel  or  boat  of  state 
or  pleasure  ;  as  the  BticcTUaur,  the  state  galley  of 
Venice  ;  Cleopatra's  galley  ;  the  Lord  Mayor  of  Lon- 
don's barge,  etc. 

b.  A  man-of-war's  boat  next  in  size  to  the  launch. 
The  boat  for  the  special  use  of  the  commander  of  a 
fleet  or  squadron  is  also  called  a  baige.  It  is  80  to 
82  feet  long,  has  a  beam  equal  to  .29  to  .25  of  its 
length,  is  carvel-hwlt,  and  carries  from  10  to  12 
oars. 

c.  A  large  boat  for  the  conve3rance  of  goods  and 
passengers.  In  the  United  States  they  are  frequently 
of  600  to  800  tons  burden,  have  two  upper  decks. 


and  are  destitute  of  motive-power,  being  towed  by 
steamboats. 

Barge-board.    (Carpentry.)    A  board  beneal^ 
the  gable,  hiding  the  horizontal  timbers.     It  is  per- 
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Barge-Board. 

forated,  scalloped,  or  crenated,  to  give  it  a  light  and 
ornamental  appearance. 

Barge-couple.  {Carpentry.)  A  beam  mortised 
into  another  to  strengthen  the  building. 

Barge-course.  (Architecture.)  a.  That  portion 
of  the  shincling  or  slating  of  a  roof  which  projects 
over  the  gable-end. 

b.  A  coping  course  of  bricks  laid  edgewise  and 
transversely  on  a  wall. 

Ba'ri.  The  portion  of  a  roofing-slate  showing 
the  gage,  and  on  which  the  water  falls. 

Bar'i-tone.    {3fusic.)    A  kind  of  bass-vioL 

Ba'ri-um.  A  metal,  the  base  of  heavy  spar  (sul- 
phate of  baiyta),  discovered  by  Davy.  It  is  of  a 
grayish  or  yellowish  hue,  has  only  been  procured  in 
very  minute  Quantities,  and  is  rapidly  converted  into 
an  oxide  by  tne  action  of  either  air  or  water.  It  has 
never  been  applied  to  any  practical  use  in  the  arts. 
Equivalent,  68.5 ;  symbol,  Ba.  An  oxide  of  barium, 
when  reduced  to  a  white  powder,  is  used  to  adulter- 
ate white  lead,  and  also  as  a  cosmetic,  —  both  very 
bad  practices ;  one  injures  the  paint,  and  the  other 
the  complexion. 

Bark-cut'ting  Ma-chine'.  Bark  is  reduced  to 
a  state  of  minute  division  to  enable  the  water  to  dis« 
solve  out  the  tannin  more  i-eadily  and  perfectly. 

Farcot's  Bark-cutting  Machine  (French)  is  shown 
in  side  elevation  and  plan.  A  A  are  two  fluted  cyl- 
inders which  supply  the  bark  previously  spread  upon 
the  table  a  to  the  cutting-apparatus.  ^  is  a  raised 
ledge  to  keep  the  bark  on  tne  table.  The  cutting 
apparatus  consists  of  two  parallel  circles  fixed  upon  a 
common  axis  C7,  having  steel  plates  or  knives  B  B^ 
which  are  disposed  in  a  spiral  form.  The  shaft  G 
and  fly-wheel  ^S^  are  driven  by  a  band  on  the  drum  D, 
A  pinion  at  the  other  end  of  the  shaft  C  carries  a 
pinion  /,  which  acts  upon  a  wheel  J  on  the  axis  of 
the  fluted  cylinder  A,  which  is  communicated  by 
wheel  E  to  cylinder  A'.  By  the  levers  F  F  and 
weight  (?,  the  two  cylinders  A  A'  are  r^ulated  to 
any  required  proximity.  Inside  the  fluted  cylinders 
is  a  longitudinal  piece  of  steel  6,  which  acts  as  a  sup- 
port for  the  bark  as  it  is  cut  by  the  knives  B  B,  its 
edge  forming,  as  it  were,  one  bar  of  the  cutting- 
shears. 

The  cylinder  which  carries  the  cutting -knives 
makes  about  180  revolutions  per  minute,  and  the 
quantity  of  bark  cut  is  about  1,600  pounds  per 
hour. 
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Bark- Cutting  Machine. 

Bark'er's  Mill  (Hydraulic.)  The  Barker  mill 
has  attained  celebrity  rather  as  an  interesting  illus- 
tration of  the  principle  of  reaction  or  recoil  than  as 
a  practically  useful  machine.  It,  however,  has  the 
essential  features  of  the  famous  turbines  and  other 
reaction  wheels. 

It  consists  of  a  vertical  tube  having  an  open  fun- 
nel at  top,  and  branching  at  its  lower  end  into  two 
horizontal    radial   tubes. 


Fig.  562. 


Barker's  MSB, 


Each  of  these  horizontal 
arms  has  a  round  hole  on 
one  side  of  it,  the  two 
holes  being  opposite  to 
each  other ;  ana  the  verti- 
cal tube,  being  mounted 
on  a  spindle  or  axis,  is 
kept  full  of  water,  flowing 
into  the  funnel  at  the  top. 
The  issue  of  water  from 
the  holes  on  opposite  sides 
of  the  horizontal  arms 
causes  the  machine  to  re- 
volve rapidly  on  its  axis 
with  a  velocity  nearly 
equal  to  that  of  the  efflu- 
ent water,  and  with  a 
force  proportionate  to  the 
hydrostatic  pressure  due 
to    the    vertical    column 


and  to  the  area  of  the  apertures  ;  for  there  is  no 
solid  surface  at  the  apertures  to  receive  the  lateral 
pressure  which  acts  with  full  force  on  the  opposite 
side  of  the  arm. 

According  to  Dr.  Robinson,  this  unbalanced  pres- 
sure is  equal  to  the  weight  of  a  column  having  tiie 
orifice  for  its  base,  and  double  the  depth  of  the  water 
in  the  trunk  for  its  hight. 

The  machine  has,  for  one  hundred  years,  been  a 
favorite  subject  with  writers  on  dynamics,  and  has 
been  modified  by  mechanicians. 

De  la  Cour  (1777)  proposed  to  bring  down  a  pipe 
from  an  elevated  reservoir,  and,  recurving  its  lower 
end  upwardly,  introduce  the  water  into  a  short  pipe 
with  ten  arms  which  revolved  in  a  horizontal  plane 
in  the  manner  described. 

The  revolving  arms  may  be  mounted  on  a  horizon- 
tal axis  so  as  to  obtain  the  requisite  direction  of  mo- 
tion without  intermediate  paring. 

In  1841,  Whitelaw  obtained  a  patent  for  an  im- 
provement, in  which  the  horizontal  arms  assiuned 
the  fonn  of  the  letter  S.  In  this  machine  the  water 
is  discharged  tangentially,  the  capacity  of  the  arms 
being  greater  as  they  approach  tne  center  of  rota- 
tion, so  as  to  obtain  a  quantity  of  water  at  every 
section  of  the  arm  inverselv  proportionate  to  its  ve- 
locity at  that  section.  The  transverse  sections  of 
the  arms  are  everywhere  parallelograms  of  equal 
depth,  but  of  width  decreasing  from  the  central  ver- 
tical pipe  io  the  jet  at  the  outer  extremity  of  the  arm, 

A  small  machine  of  this  description  was  con- 
structed, having  a  fall  of  10  feet,  tne  diameter  of 
the  circle  described  by  the  ends  of  the  arms  being 
15  inches,  and  the  aperture  of  each  jet  2.4  inches  in 
depth  by  .6  inches  in  width,  the  area  of  each  orifice 
being  1.44  inches,  the  water  expended  was  88  cubic 
feet,  the  revolutions  387  per  minute,  and  the  effect 
equal  to  78.6  per  cent  of  the  power  employed. 

Bark'ing.  1.  Coloring  safls,  nets,  cordage,  etc., 
by  an  infusion  or  decoction  of  bark. 

2.  Stripping  trees  of  bark  for  cork,  dye,  tanning 
material,  or  medicine. 

Bark'ing-aze.  An  axe  of  proportions  and  shape 
adapted  for  barking  trees. 

Barking-tools.  For  removing  the  bark  of  trees 
for  tanning  purposes.  Besides  the  axe  or  hatchet 
for  slitting  the  bark  longitudinally,  and  for  cutting 
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Peding'irons, 

incisions  around  the  trunk,  which  enable  it  to  be 
removed  in  lengths,  the  barker  requires  peeling-ironSf 
which  are  thrust  beneath  the  bark  to  loosen  it.  The 
operation  is  performed  in  sprins:,  when  the  sap  is 
aoundant  between  the  bark  and  the  wood. 

Bossing  is  not  the  exact  equivalent  of  barking,  as 
the  former  is  a  grinding  or  cutting  action  (usually), 
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the  latter  a  peeling.     See  Loudon*s  "Encyclopedia 
of  Agriculture." 

Bark-grind'ing  Mill.  Weldon's  Bark-Mill, 
1797,  has  a  conical  iron  drum  A  provided  with  teeth, 
and  rotating  in  a  casing  B,  the  upper  part  of  which 
fonns  a  flaring  hopper.  The  casing  and  its  contained 
grinder  are  supported  by  a  framing  F,  and  motion  is 
given  to  the  cone  by  a  belt  running  upon  a  drum  on 

Fig.  564. 


Bark- Grinding  MiU. 

the  upper  end  of  the  shaft  D,  whose  lower  end  is 
flopported  in  a  step  or  ink.  A  screw  below  the  step 
affords  means  for  adjustment  of  the  cone  in  the 
casing,  the  faces  of  the  two  being  toothed,  so  as  to 
eflectuBdly  rasp  the  bark  as  it  passes  between  their 
«4jacent  surfaces. 

Bark'ing-mallet  A  short-handled  mallet  of 
hard  wood.  The  face  is  three  inches  square,  and 
the  other  end  is  sharpened  to  a  peen  or  wedge. 

Iron  is  a  preferable  material,  and  the  same  tool 
may  be  used  for  ringiiig  the  tree  and  splitting  the 
envelope  of  bark  longitudinally,  so  that  it  may  1)6 
removed  by  the  peeling-iron, 

Bark-milL    In  Fig.  565  the  bark  is  broken  be- 


Flg.666. 


BcBrh-i/Ba. 


tween  the 
breaker  D 
and  teeth  e, 
thence  pass- 
ing between 
the  rough- 
bottom  sur- 
face of  the 
hopper  and 
the  rotating 
disk  E^  by 
which  it  is 
reduced  to 
powder. 

Bark- 
om'e-ter. 
A  hydrome- 
ter so  grad- 
uated as  to 
determine 
the  strength 


of  ooze  according  to  a  given  scale  of  proportions, 
water  being  zero. 

Bark  Pa'per.  Throughout  Southeastern  Asia 
and  Oceanica  the  Brousaonesia  papyrifercL,  or  paper 
mulberry,  is  a  common  tree,  and  its  bark  is  capable, 
by  soaking  and  beating,  of  assuming  the  appearance 
of  fine  linen.  It  may  be  bleached,  dyed,  ana  printed, 
and  is  a  common  material  for  dress  in  Uie  islands  of 
Oceanica.  In  Java  and  Sumatra  it  is  the  common 
material  for  writing  upon.  When  solidified  and 
burnished,  it  resembles  parchment.  Manuscripts  in 
European  museums  attest  its  quality.  The  same 
bark  made  into  a  pulp  is  used  in  China  and  Japan 
for  making  paper. 

The  processes  adopted  with  bamboo  and  the  mul- 
berry-bark are  substantially  similar  after  the  reduc- 
tion of  the  raw  material  into  a  pulpy  condition. 
The  Chinese  processes  are  as  follows  :  — 

The  paper-stufif  being  rinsed  with  water  alone,  or 
with  water  in  which  rice  has  been  boiled,  is  brought 
to  the  state  of  pulp,  and  then  transferred  to  a  vat 
having  on  each  side  of  it  a  drying-stove  in  the  form 
of  the  ridge  of  a  house  ;  that  is,  consisting  of  two 
sloping  sides  touching  at  top.  These  sides  are  cov- 
ered externallv  with  a  smooth  coating  of  stucco,  and 
a  flue  passes  through  the  brickwork,  so  as  to  keep 
the  whole  of  each  side  equally  and  moderately  warm. 
A  vat  and  a  stove  are  placed  alternately  in  the  man- 
ufactory, so  that  there  are  two  sides  of  two  different 
stoves  adjacent  to  each  vat.  The  workman  dips  his 
mold,  which  consists  of  a  sieve-like  bottom  and  a 
movable  raised  frame  surrounding  it,  into  the  vat, 
and  then  raises  it  out  again ;  the  water  runs  off" 
through  the  perforations  in  the  bottom,  and  the 
pulpy  paper-stuff  remains  on  its  surface  ;  the  frame 
IS  tnen  removed,  and  the  sieve  is  pressed  bottom  up- 
ward aeainst  the  side  of  one  of  tne  stoves,  so  as  to 
make  the  sheet  of  paper  adhere  to  its  surface  and 
allow  the  sieve  to  be  withdrawn.  The  water  speed- 
ily evaporates  by  the  warmth  of  the  stove,  and  be- 
fore the  paper  is  quite  dry  it  is  brushed  over  on  its 
outer  surface  with  a  size  made  of  rice  ;  this  also  soon 
dries,  and  the  paper  is  then  stripped  off  in  a  finished 
state,  having  one  smooth  surface,  it  bein^  the  prac- 
tice of  the  Chinese  to  write  only  on  one  side  ot  the 
paper.  While  this  is  taking  place,  the  molder  has 
made  another  sheet,  and  pressed  it  against  the  side 
of  the  other  stove,  where  it  undergoes  the  operation 
of  sizing  and  drying,  as  the  other  had  done.  If  sheets 
of  very  larse  dimensions  are  to  be  made,  the  mold  is 
suspended  Dy  a  tackle  and  is  managed  by  two  men  ; 
but  in  other  respects  the  process  is  the  same  as  that 
just  described. 

Exceedingly  beautiful  paper  is  produced  by  this 
very  simple  method.  Paper  is  made  in  India  in 
much  the  same  way  and  with  nearly  the  same  mate- 
rials ;  but  in  the  provinces  north  of  the  Causes,  and 
in  Nepal,  the  common  material  is  the  bark  of  a  spe- 
cies 01  Daphne  (laurel),  which,  like  that  of  the  paper- 
mulberry,  consists  almost  wholly  of  fiber. 

Another  mode  adopted  by  the  Chinese  is  to  dip 
out  the  pulp  in  a  mold  made  of  strips  of  bulrushes 
in  a  frame.  The  sheets  from  the  frames  are  piled  on 
a  table  with  intervening  strips  of  reed,  by  which  they 
may  afterwards  be  lift^  leaf  by  leaf.  Elach  heap  is 
pressed  by  boards  and  weights  to  express  the  water, 
and  the  following  day,  the  leaves,  being  lifted  singly, 
are  laid  on  a  plank  in  the  sunshine  to  dry. 

Bark-^t  (Tanning.)  A  pit  partly  filled  with 
bark  and  water,  in  which  hides  are  steeped  in  the 
process  of  tanning. 

Bark-planing  Ma-ohine'.  A  machine  in  which 
the  layer  of  bark  is  subjected  to  the  action  of  consec- 
utive cutters,  to  separate  the  inner  and  outer  layers. 
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The  bark  is  passed  beneath  the  rollers  with  the  rough 
side  uppermost,  and  the  first  cutter  removes  the  in- 

Tig.  606. 


Barh-Ftaning  Machine. 

most  bark,  the  second  the  inner  portion  of  the  outer 
bark,  the  extreme  outer  portion  of  the  bark  being 
dischanzed  from  the  machine  down  the  incline  to  the 
left.  The  dust  removed  by  the  respective  cutters 
fisills  into  separate  receptacles. 

Bark-roBa'ing  Ma-ohine'.  A  machine  for  re- 
moving the  ro8s,  —  that  is,  the  rough,  scaly  portion 
from  the  outside  of  bark.  The  ross  has  a  lesser  pro- 
portion of  tannin,  and  by  its  removal  a  steep  of 
greater  strength  may  be  obtained  and  vat-room  saved. 

Fig.  667. 


to  be  readily  made  into  sheaves.  For  this  purpose 
it  is  provided  with  an  upright  arrangement,  as  ^,  at 
the  base  of  the  tines.     In  the  example  shown,  the 

ng.668. 
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In  the  example  (Fig.  567),  the  machine  consists  of 
two  pairs  of  toothed  rollers  which  feed  in  the  bark 
and  thrust  it  against  the  stationarv  knife,  which 
divides  the  ross  from  the  liber,  and  the  separated 
portions  slide  down  different  inclines  to  special  re- 
ceptacles. 

Bark-fttove.  (IlorticuUure.)  A  bed  of  spent 
bark  and  soil,  heated  by  flues  or  steam-pipes,  aided 
by  a  slow  fermentation  of  its  materials.  It  is  used 
to  make  a  bottom  heat  for  plants  growing  in  pots 
which  are  plunged  therein. 

Bar-lathe.  (Turning.)  A  lathe  whose  beam  or 
shear  consists  of  a  single  bar  on  which  the  puppets 
or  stocks  and  the  rest  are  arranged.  The  bar  is  gen- 
erally of  a  triangular  shape  in  cross  section,  one  flat 
side  downward. 

Barley-ohump'er.  {Agriculture.)  A  machine 
for  breaking  the  awn  from  the  grain.  (Prov.  English. ) 
A  hummeUng-machine. 

Barley-fork.  (Agriculture.)  A  fork  specially 
adapted  for  gathering  up  the  unbound  gavels  of  bar- 
ley or  other  grain,  the  stalks  of  which  are  too  short 


BarUy-Fork. 

tines  and  handle  are  attached  to  the  metallic  socket- 
head  A,  the  whole  being  braced  and  supported  by 
the  bow  B  and  brace  O. 

Barley-huller.  (Afilling.)  A  machine  for  taking 
the  hull  or  cuticle  from  the  g^n  of  barley,  making 
pot-barley  or  pearl-barley.  The  former  has  merely 
lost  the  cuticle,  the  latter  has  had  a  further  amount 
of  its  substance  removed  by  prolonging  the  process 
for  double  the  length  of  time.  The  process  is  anal- 
ogous to  that  of  hominy-making.  See  Hullino- 
MACHiNE  ;  Hominy-machine. 

Bar'ley-milL  (Afilling.)  A  mill  for  decorti- 
cating barlev ;  bringing  it  to  the  condition  known 
as  pearl-haney,  the  nusk  or  the  rind  of  the  seed  be- 
ing removed.  There  are  several  ways  of  accomplish- 
ing this:  1.  By  the  usual  English  barley-mill, — 
a  stone  roughened  on  its  circumference,  and  revolv- 
ing in  a  metallic  casing  with  holes  like  a  grater  point- 
ing inward  and  upward. 

2.  By  80  regulating  the  distance  between  the  ordi- 
nary runner  and  the  bed-stone  that  the  grain  is  not 
mashed,  but  merely  the  bran  rubbed  off. 

Bar-loom.  (JFeaving.)  A  loom  for  weaving 
ribbons. 

Barm.  (Brewing.)  The  foam  or  froth  rising  from 
malt  liquors ;  yeast. 

Bar-miiai-ans.  (Fabric.)  An  old  name  for  a 
kind  of  fustian  goods  largely  exported  from  England. 

Bar'na-olee.  (Menage.)  A  noose  attached  to  a 
stock  or  handle,  and  nipped  around  the  upper  lip  of 
a  horse.  It  is  twisted  so  as  to  be  somewhat  painful, 
in  order  to  give  the  command  of  the  head  to  the  per- 
son holding  the  same.  It  enables  a  man  to  hold  the 
horse's  head  aloft  to  keep  him  from  biting,  oc- 
cupy his  attention,  and  measurably  prevent  his  kick- 
ing. 

Bar'o-grapn.  An  instrument  for  recording  auto- 
matically the  variations  of  atmospheric  pressure. 

In  Fig.  669  this  is  effected  bymeans  of  photography. 
The  operative  and  recording  parts  are  mclosed  m  a 
case  (which  in  the  figure  is  supposed  to  be  removed) 
which  rests  upon  the  horizontal  slab,  and  entirely 
excludes  the  entrance  of  light  except  through  the 
slit  C.  A  is  a.  gas-burner,  the  light  from  which  is 
thrown  by  the  condenser  B  over  the  top  of  the  mer- 
curial column  in  the  barometer-tube  J,  and  passing 
through  the  photogi'aphic  lens  D,  is  concentrated  on 
a  strip  of  sensitized  paper  wound  around  the  cylin- 
der jJ,  which  is,  by  clockwork  mechanism  at  F, 
made  to  revolve  once  in  forty-eight  hours. 

The  image  of  that  portion  of  the  slit  C  above  the 
mercurial  column  is  thus  caused  to  form  a  continuous 
dark  band  of  irregular  width  on  the  paper,  becoming 
narrower  as  the  mercury  rises,  and  widening  as  it 
descends  in  the  tube,  the  width  of  the  band  indicat- 
ing not  only  the  relative  changes,  but  absolute  hight 
1  of  the  barometer.    A  shutter  operated  by  the  clock- 
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work  cuts  off  the  light  for  four  minutes  at  the  end 
of  each  second  hour,  leaving  a  vertical  white  time- 
line on  the  paper. 

Fig  669. 


By  the  expansion  of  a  zinc  rod  on  each  side  of  the 
barometer-tube,  in  connection  with  a  glass  rod  and 
lever,  thermometric  changes  are  made,  and  the  true 
barometric  changes,  with  corrections  for  temperature, 
are  photographically  recorded. 

Brooke's  Self-Registering  Barometer.  Upon  the 
column  of  mercury  is  a  float  .carrying  a  mirror,  on 
which  a  pencil  of  light  is  thrown.  The  case  is  in- 
closed so  as  to  exclude  all  other  light,  and  the  beam 
is  reflected  by  the  mirror  upon  a  traveling  slip  of 
paper  indicating  the  extent  and  time  of  barometric 
changes. 

Ba'ro-ma-crom'e-ter.  An  instrument  for  ascer- 
taining the  weight  and  length  of  infants. 

Ba-rom'e-ter.  (Meteorology.)  An  instrument 
for  determining  the  weight  or  pressure  of  the  atmos- 
phere.    Invented  by  Torricelli  about  the  year  1643. 

Barometers  are  variously  named  from  difierences 
in  construction,  mounting,  fltting,  etc.  ;  e.  g. :  — 


Aneroid. 

Holosteric  barometer. 
Hypsometer. 
Lon^-range  barometer. 
Marme  barometer. 
Maximum  barometer. 


Minimum  barometer. 
Mountain  barometer. 
Pediment  barometer. 
Self-registering  barometer. 
Syinpiesometer. 
Wheel  barometer. 


It  is  related  that  the  pump-makers  of  Cosmo  de 
Medici  tried  to  raise  water  over  82  feet  by  means 
of  a  sucking  pump,  but  failed  to  raise  it  over  31  feet. 
They  applied  to  Galileo  to  resolve  the  difficulty.  He 
was  unable  to  do  it,  but  bade  them  accept  the  fact. 
His  disciple  Torricelli  investigated  the  subject,  and 
found  that  the  force,  whatever  it  was,  raised  a  col- 
umn of  mercury  only  30  inches,  which  he  judged  to 
be  the  equivalent  of  the  31  feet  of  water,  and  hence 
deduced  that  the  moving  agent  was  not  a  nameless 
**  horror  of  a  vacuum,"  —  a  term  which  covered  the 


ignorance  of  the  real  cause,  —  but  was  the  pressure 
or  the  air  upon  the  liquid ;    and  that  this  pres- 
sure was  equial  to  about  15  pounds  to  the  square 
inch. 

In  1647,  Pascal  showed 

practically  that  the  hight 

of  the  mercurial  column 

was  afiected  by  carrying 

the  inverted  tube  to  the 

top  of  an  eminence.     He 

made  the  experiment  on  a 

church -steeple   in    Paris. 

To  test  the  matter  more 

^  completely,   he   wrote   to 

his  brother-in-law  Perrier, 

who  lived  near  the  Puy  de 

in  Auvergne,  to  repeat  the 

ent  on  that  mountain .  *  *  You 

writes,  "that  if  it  happens 

hight  of  the  mercury  on  the 

:he  hill  be  less  than  at  the 

(which  I  have  many  reasons 

JVC,   though  all  those  who 

about  it  are  of  a  different 

1  follow  that  the  weight  and 

air  are  the  sole  cause  of  this 

[  not  the  horror  of  a  vacuum  ; 

r  certain  that  there  is  more 

n  it  at  the  bottom  than  on 

we  cannot  say  that  nature 

Cuum"   at    the   foot    of   a 

than  on  its  summit."    On 

Deriment,  M.  Perrier  found 

three  inches  of  mercury, 

ays,  "ravished  us  with  ad- 

stonishment." 

Claudio  Beriguardi,  at  Pisa,  is  said,  how- 
ever, to  have  used  the  barometer  for  determination 
of  hights  five  years  earlier  than  this.  It  is  certain 
that  the  varying  weight  o^  the  atmosphere  at  differ- 
ent hights  was  known  before  Torricelli. 

Alhazen  the  Saracen,  A.  D.  1100,  was  aware  that 
the  atmosphere  decreases  in  density  with  increase 
of  hight,  and  therefrom  explained  the  fact  that  a 
ray  ofligiht  entering  it  obliquely  follows  a  curvilinear 
path,  which  is  concave  towards  the  earth.  He  showed 
that  a  body  will  weigh  differently  in  a  rare  and  in  a 
dense  atmosphere,  and  calculated  that  the  hight  of 
the  atmosphere  is  nearlv  58^  miles,  anticipating  the 
discovery  of  Torricelli  lay  several  centuries.  "  The 
Book  of  the  Balance  of  Wisdom, "  by  Al  Khazini  (per- 
haps the  same  as  Alhazen),  gives  a  number  of  other 
luminous  statements  on  mechanics.  We  take  the 
liberty  here  of  stating  that  he  also  wrote  on  the  doc- 
trine of  the  progressive  development  of  animal  forms, 
but  did  not  reach  the  Darwinian  conclusion.  * '  Not, " 
as  he  says,  **that  man  was  once  a  bull,  and  was 
then  changed  into  an  ass,  and  afterward  into  a 
horse,  and  after  that  into  an  ape,  and  finally  became 
a  man."  This,  he  states,  is  only  a  misrepresentation 
by  **  common  people  "  of  what  is  really  meant. 

There  is  yet  some  difference  between  the  true  the- 
ory of  progression  and  the  doctrine  of  the  Vedas,  the 
Institutes  of  Menu  (contemporary  with  Elijah  and 
Homer,  and  the  teaching  of  Pythagoras,  640  b.  c. 
Rosalind,  the  charming,  refers  to  the  latter,  apropos 
of  finding  the  poetir  tacked  to  the  palm-tree  :  — 

**  I  never  was  so  berhymed  since  Pythagoras'  time 
that  I  was  an  Irish  rat,  which  I  can  harcQy  remem- 
ber." —  As  you  Like  It. 

The  pious  Moslem  prays  that  the  All-Merciful  will, 
in  the  Day  of  Judgment,  take  pity  on  the  soul  of  Abu- 
r-Raih&n,  who  first  compiled  a  table  of  specific  gravi- 
ties, the  discovery  of  the  great  Archimedes  thirteen 
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Diameter  of 

Depression. 

Diameter  of 

Tube.  Inches. 

Inches. 

Tube.  Inches 

Inches. 

.10 

.1403 

.40 

.0153 

.15 

.0863 

.45 

.0112 

.20 

.0581 

.60 

.0083 

.25 

.0407 

.60 

.0044 

.80 

.0292 

.70 

.0028 

.85 

.0211 

.80 

.0012 

hundred  years  before.  Our  own  Draper  desires  to 
add  a  clause  associating  in  this  prayer  the  name  of 
**Alfiazen,  who  first  traced  the  curvilinear  path  of  a 
ray  of  light  through  the  air."  It  would  not  be  hard 
to  find  good  reason  for  associating  the  name  of  Dra- 
per with  the  illustrious  two. 

The  barometer  in  its  ordinary  form  consists  of  a 
tube  34  inches  in  length,  closed  at  the  top,  exhausted 
of  air,  and  with  its  lower  open  end  plunged  in  a  cup 
of  mercury  which  ascends  in  the  tube  by  the  pres- 
sure of  the  atmosphere.  Changes  in  the  weight  of 
the  atmosphere  raise  or  lower  the  hight  of  the  mer- 
curial column  ;  and  a  graduated  scale  alongside  the 
tube,  and  embracing  tne  range  of  motion,  enables 
the  reading  of  the  variations. 

The  wheel  barometer  has  a  recurved  tube  in  which 
the  mercury  ascends  and  descends,  thereby  actuating 
a  float  which  connects  by  a  cord  to  the  axis  of  an 
index-finger,  which  rotates-  on  a  graduated  dial.  It 
was  contrived  by  Hooke  in  1688,  the  year  that  the 
great  Dutchman,  William  of  Orange,  came  to  England. 

The  pendent  or  marine  barometer  is  suspended  on 

fimbals,  which  .enable  it  to  maintain  its  verticality 
uring  the  rolling  and  pitching  motions  of  a  ship, 
and  has  a  contraction  at  the  bottom  of  the  tube  to 
obviate  oscillations  of  the  mercury.  It  was  intro- 
duced about  the  year  1698  - 1700. 

The  invention  of  the  aneroid  barometer 
Fig.  670.     is  attributed  to  Conti,  1798,  or  to  Vidi, 
1804. 

In  the  aneroid  barometer  (which,  as 
its  name  implies,  has  no  liquid)  the  pres- 
sure of  the  atmosphere  is  exerted  upon 
an  elastic  metallic  diaphragm  above  a 
chamber  partially  exhausted  of  air.  The 
motions  of  the  diaphragm,  due  to  changes 
of  pressure,  are  transferred  to  an  index- 
finger  which  traverses  in  connection  with 
a  graduated  scale.     See  Aneroid. 

Barometers  have  been  constructed  in 
which  the  tube  and  cistern  were  filled 
with  water  instead  of  mercury.  The 
great  length  of  the  column  (nearly  34 
feet  at  ordinary  pressures)  renders  it 
extremely  susceptiole  to  slight  atmos- 
pheric changes ;  so  much  so  that  even 
momentary  fluctuations  can  be  observed 
at  times  during  storms  :  but  the  difficul- 
ties in  constructing  and  keeping  in  ad- 
justment a  barometer  of  this  kind  have 
frevented  its  coming  into  practical  use. 
t  would  obviously  be  useless  at  temper- 
atures below  32''  F. 

A  standard  barometer  is  one  made  with 
peculia'r  care,  to  serve  as  a  standard  of  com- 
parison for  less  costly  instruments  of  the 
Kind,  or  for  use  in  meteorological  observa- 
tions, etc.,  where  great  accuracy  and  sus- 
ceptibility are  desired.  The  tube  has  in 
some  cases  a  bore  of  an  inch  or  upward. 

a  is  the  mercury-cup,  b  the  adjusting 
screw,  c  the  vernier,  d  the  thermometer 
for  data  in  making  the  corrections  for 
temjierature. 

In  reading  the  barometer  two  correc- 
^Standard    ^^^^  *™  necessary  :  — 
Barometer.       1.  For  the  capillarity ,  or  depression  of 
the  mercury  in  the  tube. 
2.  For  the  temperature. 

Pure  mercury  in  a  glass  tube  assumes  a  convex 
surface,  and  the  convexity  is  greatest  in  tubes  of 
small  diameter. 

The  following  is  Ivory's  scale,  giving  the  correc- 
tions for  tubes  of  different  diameters  :  — 


In  siphon  barometers,  as  the  depression  is  equal 
in  each  leg  of  the  tube,  no  correction  is  necessary. 

The  correction  for  temperature  involves  the  con- 
sideration of  the  expansion  of  the  mercury  and  also 
of  the  graduated  scale.  The  latter,  being  minute, 
is,  however,  generally  disregarded,  and  that  of  the 
mercury  being  .0001001  for  each  degree  Fahrenheit, 
it  has  been  usual  to  subtract  from  the  reading  toAoo 
of  the  observed  altitude  for  every  degree  of  Fahren- 
heit above  32**.  An  example  of  the  correction  will 
stand  .thus :  — 

Thermometer,  54**. 

Barometer,  30  inches. 

(54  —  32)  X  30  X  .0001  =  .066,  to  be  subtracted 
from  30  inches.     Result,  29.934  inches. 

Calculated  correction  tables  are  published. 

The  holosteric  barometer  is  one  in  which  a  fluid  is 
dispensed  with.  The  usual  form  is  the  Aneroid 
(which  see).  The  Vidi  aneroid  has  a  metallic  dia- 
phragm ;  the  Bourdon  aneroid  has  a  bent  tube  capa- 
ble of  flexion.     See  Bourdon  Barometer. 

A  form  of  holosteric  barometer  is  constructed  on 
a  principle  similar  to  that  of  the  hygrorrutric  balarice. 
Its  action  depends  on  the  difierent  specific  gravities 

Fig.  671. 


Batanee  Barometer. 

of  a  short  metallic  arm  a  and  a  long  and  bulky 
wooden  arm  b,  balanced  on  a  pivot  c  at  their  com- 
mon center  of  gravity  ;  the  long  wooden  arm,  dis- 
placing a  greater  bulk  of  air  in  proportion  to  its 
weight  than  the  other,  is  depressed  by  the  rarifica- 
tion  and  elevated  by  the  condensation  of  the  atmos- 
phere, causing  the  two  arms  to  oscillate  about  the 
sustaining  pivot,  the  variations  being  shown  by  a 
scale  dy  to  which  the  longer  arm  points. 

From  a  manual  compiled  by  Rear- Admiral  Fitzroy 
of  the  English  navy,  and  published  by  the  Board  of 
Trade,  the  following  is  condensed  :  — 

The  barometer  shows  changes  in  the  weight  of  the 
atmosphere,  if  any  occur. 

(Ganges  in  the  level  of  the  mercury  are  more  em- 
phatic than  actual  elevation. 

If  the  mercury,  standing  relatively  high,  should 
fall,  it  presages  a  change,  out  not  so  great  a  one  as 
if  the  mercury  stood  lower  and  fell  to  the  same  ex- 
tent.    The  converae  is  also  true. 

The  barometer  foretells  coming  weather  rather 
than  indicates  the  present.  The  longer  the  inter- 
val between  the  sign  and  the  change,  the  longer 
said  altered  weather  wiU  last.  The  converse  is  also 
true. 
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The  barometer  being  at  medium  bight  and  rising, 
the  thermometer  falling  indicates  dry  weather.  The 
converse  :  barometer  medium  and  falling,  thermom- 
eter risings  rain  ;  thermometer  falling,  snow. 

The  rismg  or  falling  condition  of  the  mercury  may 
be  observed  upon  its  upper  surface  ;  convex  if  rising, 
concave  if  falling. 

Fluttering  changes  indicate  unsettled  'weather  ; 
slow  movements  the  contrary.  Rapid  and  continued 
fall  is  a  sign  of  a  storm,  the  wind  being  from  the 
north  if  the  barometer  is  low  (for  the  season),  and 
from  the  south  if  the  thermometer  is  high. 

Three  causes  affect  a  barometer :  — 

1.  The  direction  of  the  wind. 

2.  The  moisture  of  the  air. 
8.  The  force  of  the  wind. 

When  they  act  separately  they  act  less  strongly, 
and  when  coincidently  the  change  in  the  barometer 
is  greatest. 

Ba-rom'e-terr«aga  {Steam-Engine.)  An  at- 
tachment to  a  boiler,  condenser,  or  other  chamber, 
which  indicates  the  state  of  the  vacuum. 

When  a  boiler  is  allowed  to  cool,  the  steam  con- 
denses, and  a  more  or  less  perfect  vacuum  is  formed 
therein,  subjecting  the  boiler  to  heavy  external  at- 
mospheric pressure.  This  contingency  is  usually 
met  by  an  inlet  safety-valve,  called  a  vacwwm-valve. 
When  a  condenser  is  in  operation,  it  is  desirable 
to  know  the  condition  of  the  vacuum,  as  a  test  of 
the  efficiency  of  the  air-pumn. 

When  a  receiver  is  partially  exhausted  for  experi- 
mental purposes,  it  is  desirable  to  obtain  an  indica- 
tion of  the  tenuity  of  the  contained  air. 

The  Barome- 

^-  672  ter-gage  is  a  bent 

(  glasstubea,  one 

end  being 
plunged  in  a  cis- 
tern of  mercury 
6,  and  the  other 
end  c  connect- 
ing with  a  steam- 
boiler,  condens- 
.  er,  or  tank,  as 
the  case  maybe. 
When  the  jet 
of  water  con- 
denses the 
steam  in  the 
condenser,  a 
partial  vacuum 
IS  formed,  and 
the  external  at- 
mosphere is  in 
excess  of  the 
internal  pres- 
sure, so  that 
the  mercury  is 
caused  to  as- 
cend the  tube. 
,  Another  form 
is  an  inverted 
siphon,  the  mer- 
uaromtter^uages.  cury  beipg  con- 

tained   in    the 
bend  <£,  as  in  the  Steam-Pressure  Oages. 

Bar-o-mefri-oal  A-e'ri-om'e-ter.  (Meteorol- 
ogy,) An  inverted  siphon  used  for  approximately 
determining  the  relative  specific  gravities  of  immis- 
cible fluids,  as  oil  and  water,  or  water  and  mercury. 
For  instance,  if  mercury  be  poured  in  one  limb  and 
water  into  the  other,  and  the  stop- cock  at  c  be  turned 
so  as  to  establish  a  communication  between  them,  it 
will  be  found  that  an  inch  of  mercury  in  one  limb 


will  balance  13^  inches  of  water  in  the      Fig.  578. 
other,   showing  the    relative   specific 
gravities  of  the  two  fluids  to  be  as  18J 
to  one. 

Bar-o-met'ro-graph.  {Meteorol- 
ogy.) An  instrument  by  which  the  va- 
riations of  atmospheric  pressure  are 
automatically  recorded  on  a  sheet  of 
paper. 

Napier's  instrument,  patented  in 
1848,  is  intended  to  mark  the  varia- 
tions of  atmospheric  pressure  during 
an  entire  period  of  24  hours.  Con- 
nected witn  the  barometer-tube  is  a 
vertical  spindle  carrying  a  card  which 
has  on  its  surface  a  number  of  radial  | 

lines  and  concentric  circles ;  the  radial 

lines  represent  fractions  of  inches,  and  "^S^e*^ 
the  concentric  circles  represent  por- 
tions of  time.  Above  the  card  is  a  lever  carrying  a 
vertical  pricker,  which  is  made  to  rise  and  fall  at 
certain  regular  intervals  of  time,  and  to  travel  from 
the  inner  concentric  circle  to  the  outer  one  once  in 
24  hours.  On  the  vertical  spindle,  and  underneath 
the  card,  is  fastened  a  grooved  wheel,  around  which 
is  passed  a  cord,  while  the  other  end  is  made  fast  to 
a  float  resting  upon  a  column  of  mercury  in  a  tube. 
The  card  has  a  fixed  point  representing  29.5  inches, 
which,  at  the  commencement,  is  placed  underneath 
the  pricker.  As  the  column  of  mercury  rises  or  faUs 
by  the  varying  pressure  of  the  atmosphere,  the  printed 
card  will  travel  to  the  left  or  the  right  accordingly  ; 
and  the  variation  of  hight  will  be  indicated  by  the 
distance  of  the  punctured  lines  from  the  starting-point 
on  either  side. 

A  self-registering  barometer,  recently  invented  in 
France,  is  shown  in  the  accompanying  cut.  The 
records  are  continuous  and  comparable,  and  are  pro- 
duced by  the  variations  of  an  aneroid.  The  pressure 
of  the  atmosphere  afiects  four  metallic  boxes,  as  in 
the  ordinary  aneroid,  having  their  upper  and  under 
faces  undulated  ;  a  vacuum  is  made  in  each  of  them 
separately,  and  they  are  attached  together  in  one 
series,  so  that  for  an  equivalent  variation  of  pressure 
the  movement  is  four  times  greater  than  it  is  for  one 
box  only.  A  very  strong  flat  steel  spring  R  acta 
upon  the  barometric  boxes  in  an  opposite  direction 
to  the  atmospheric  pressure.  This  spring  controls 
the  indicating  lever  L  L  hj  means  of  a  connecting 
piece  at  the  point  B;  this  connector  receives  the 
action  from  the  extremity  of  the  spring,  and  com- 
municates it  to  the  lever  Z  Z  at  a  point  very  close 
to  its  axis,  from  whence  it  follows  tnat  a  consider- 
able multiplication  of  movements  is  the  result. 

The  indications  of  the  movements  of  the  lever  are 
registered  in  the  following  manner:  A  cylinder  C 
is  revolved  by  the  regular  movement  of  an  ordinary 
pendulum  timepiece  ;  it  makes  a  complete  revolution 
in  one  week,  and  carries  a  glazed  paper  which  has 
been  smoked  black  by  means  of  a  candle.  At  the 
extremity  of  the  lever  is  a  vepy  fine  spring,  pointed 
at  the  end,  which  rests  upon  the  cylinder  and  traces 
a  white  line  upon  the  black  ground.  At  the  end  of 
each  week  the  paper  is  changed  for  a  fresh  one,  the 
record  on  the  old  one  being  protected  by  a  coat  of 
varnish. 

The  action  of  the  self-registering  and  printing 
barometer,  invented  by  Professor  Hough  of  the  Al- 
bany Observatory,  depends  upon  the  makinff  and 
breaking  of  an  electric  circuit  oy  the  rising  ana  fall- 
ing of  the  mercury,  for  the  communication  of  impulses  . 
to  electro-magnets,  Which  unlock  a  train  of  clock- 
work so  devised  as  not  only  to  describe  a  constant 
curve  upon  a  piece  of  paper,  representing  the  hight 
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and  in  some  countries  is  mainly  cotton,  resem- 

Vilincr  -fiutt/iji/n. 
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-circle. 

Ba-roQOhe'.  {Vehicle.)  A  four-wheeled  carriage, 
having  a  falling  top.  It  has  two  seats  Inside,  ar- 
ranged so  that  four  persons  can  sit  two  facing  other 
two,  the  seat  for  the  driver  being  outside. 

Bar-pump.  (Hydraulics.)  A  small  boat-pump 
for  raising  water,  oil,  etc.,  from  large  casks.  Prob- 
ably from  Burr-pump.    See  Bare-pump. 

Bar-quan-tine^  {Nautical.)  A  three-masted 
vessel,  sauare-rigged  on  the  foremast,  and  fore-and- 
aft  rigged  on  the  main  and  mizzen.  Commonly  found 
on  the  Northern  lakes.    Also  spelt  barkantine. 

Barque.  {Nautical.)  A  three-masted  vessel 
whose  fore  and  main  masts  are  square-rigged^  like 
those  of  a  ship,  and  whose  mizzen  is  fore-and-aft 
ri^ed,  like  a  schooner. 

Sar'ra-oan.  {Fabric.)  A  thick,  strong  stuff, 
known  by  this  and  similar  names  in  most  of  the 
languages  of  Europe  and  Western  Asia.  It  is  made 
in  Aimenia  and  Persia  of  camel's  hair,  like  camlet, 
whose  name  also  indicates  that  its  material  is  derived 
from  the  same  animal.  The  name  has  been  preserved, 
while  the  fabric  has  been  made  of  other  materials, 
—  wool,  flax,  and  cotton. 

It  was  during  the  wool  stage  that  the  memorable 
Falstaff  celebrated  his  achievements  :  "  Four  rogues 
in  buckram  {fxirracan)  set  at  me." 

An  article  called  barracan  is  yet  used  in  Europe, 


Barraek  on  Skenyvore  Rock, 

temporary  dwellings  erected  by  the  Stevensons  on 
the  Bell  Rock  in  the  Frith  of  Forth,  and  on  the 
Skerry vore  Rocks,  about  12  miles  "W.  S.  W.  of  the 
island  of  Tyree,  Argyllshire,  Scotland,  for  the  pro- 
tection of  the  men,  provisions,  tools,  and  a  portion 
of  the  materials. 

Bar'rage.  1.  {Fabric.)  A  Normandy  fabric  made 
of  linen  interwoven  with  worsted  flowers. 

2.  (Hydraulic  Engineering.)  Barrage  is  a  French 
word,  signifying,  in  general,  an  artificial  obstruction 
placed  in  a  water-course  in  order  to  obtain  an  in- 
creased depth  for  navigation,  irrigation,  or  other 
purposes.  Barrage-fixe  is  a  permanent  dam  of  ma- 
sonry. Barrage-mobile  is  a  aam  having  a  sluice  by 
which  the  flow  of  water  may  be  regulated. 

Bar'ras.    (Fabric.)    A  kind  of  packing-cloth. 

Bar'reL  A  word  applied  to  hollow  cylindrical 
objects,  such  as — 

1.  (Pump,)    The  piston-chamber  of  a  pump. 

2.  A  cask  for  containing  liquids,  usually  having 
a  capacity  of  from  80  to  45  gallons. 

A  cask  for  certain  kinds  of  provisions,  —  flour, 
fruits,  vegetables,  etc.,  —  holding  196  pounds  of  flour 
(American  custom),  or  about  2}  bushels  of  fruit, 
varying  according  to  the  customary  practice  in  re- 
gard to  striking  or  heaping  the  measure. 
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A  measare  of  ear-corn  in  the  Southern  States, 
shelling  2}  bushels. 

The  Dickenson  Patent  Wrought-Iron  Barrels, 
used  in  the  British  navy,  have  a  cylindrical  form, 
with  a  soldered  seam.  An  iron  hoop  b  is  riveted  to 
each  end.  This  hoop  has  a  rabbet,  and  the  thickest 
part  is  riveted  to  the  drum  a,  while  the  other  por- 
tion forms  a  recess  with  the  side  of  the  drum  for  the 

reception  of  the 


Vig.576. 


Diehen»on?9  WrougfU-Bron  Barrel. 


flange  of  the 
head  c,  which  is 
made  by  bend- 
ing  the  periph- 
ery  of  the  circu- 
lar iron  plate  at  a 
right  angle  to  its 
plane.  A  pack- 
ing of  greased 
hemp-bands  is 
placed  in  the 
6  recess,  the  flange 
of  the  head 
driven  in,  and 
then  the  edge 
of  the  iron  hoop 


is  turned  over  against  the  bottom  head,  making  an 
air  and  water-tight  joint. 

This  is  for  the  bottom  head.  The  upper  head  is 
removable  without  damage  to  the  package.  The 
upper  portion  of  the  hoop  i^  not  flattened  down  as  at 
the  other  end  of  the  barrel,  but  a  number  of  latch- 
bolts  are  pivoted  to  the  cover,  and  catch  into  open- 
ings in  the  side  of  the  hoop. 

The  metal  is  coated  iaside  and  out  with  canvas 
saturated  with  a  composition  of  caoutchouc,  8  ; 
black  resin,  4  ;  Venice  turpentine,  1. 

This  is  digested,  spread  on  the  cloth,  and  the  lat- 
ter is  then  run  between  rollers. 

3.  {Horology.)  a.  The  hollow  cylinder  or  case 
containing  the  mainspring  of  a  watch,  or  spring  clock 

(a,Fig.6n).    It 

Fig.  677.  is  connected  by 

a   chain   with 

the  fusee,  and  by 

the   winding  of 

the    latter    the 

c^tn  passes  from 

the   barrel,  and 

the    mainspring 

Barrtb.  is  toound.      See 

Fusee. 

When  the  fusee  cannot  be  introduced  into  a  watch, 

owing  to  the  flatness  of  the  movement,  the  first  wheel 

is  attached  to  the  barrel,  which  is  then  called  a 

going-barrel  {b.  Fig.  577). 

Stop'Uforks  are  attached  to  regulate  the  action  of 
the  spring  ;  that  is,  to  prevent  its  being  wound  too 
tight  or  running  down  too  far,  using  the  middle 
power  of  the  spring  and  rejecting  its  highest  and 
lowest  powers.  This  is  particularly  necessary  in 
watches  destitute  of  the  fusee.  See  Stop-work. 
6.  The  chamber  of  a  spring-balance. 

4.  {Fire-arins.)  The  tube  of  a  gun  from  which 
the  projectile  is  discharged. 

6.  (Afusic.)  The  cyhnder  studded  with  pins  by 
which  the  keys  of  a  musical  instrument  are 
moved. 

6.  {Metallurgy.)  A  cylindrical  vessel  moving  on 
an  axis,  for  amalgamating,  polishing  {tumJbling*box), 
or  making  gunpowder.  In  the  latter  case  it  is  par- 
tially filled  with  bell-metal  balls,  and  is  call^  a 
roUing-barrd. 

.  7.  {Nautical.)    a.  The  main  piece  of  a  capstan, 
between  the  wJulps  and  the  pawl-rim. 


b.  The  .cylinder  around  which  the  tiller-ropes  are 
wound. 

8.  The  sonorous  portion  of  a  bell,  which  is  attached 
by  the  remaining  portion,  the  canon  or  ear,  to  the 
suspensory  arrangements. 

9.  {Pulley.)  The  cylindrical  portion  of  a  drum 
or  pulley  on  which  the  band  laps. 

10.  {Steam-Engine.)  The.  cylindrical  portion  of 
the  locomotive  boiler  eictending  from  the  fire-box  to 
the  smoke-box. 

Bar'rel-draln.    A  cylindrical  drain. 
Bar'rel-dry'er.    A  device  for  drying  barrels  after 
being  coopered  or  washed,  before  refilling. 

Fig.  678. 


Barrel-Dryer. 

The  view  (Fig.  678)  is  sectional,  and  shows  two 
tiers  of  main  steam-pipes  with  vertical  branch-pipe« 
extending  upwardly  tlurough  the  bung-holes  into  the 
interiors  of  the  casks. 

Bar'rel-fill'er.  {Hydraulics,)  A  device  for  filling 
casks,  provided  with  an  automatic  arrangement  for 
cutting  off  the  supply  of  liquid  in  time  to  prevent 

Fig.  679. 


JSerrti^inumg  Appwranu. 


overflow,  or  calling  attention  to  the  fact  that  the 
vessel  is  about  fuU. 

In  one  form,  the  rising  of  the  liquid  in  the  barrel 
is  the  means  of  stopping  the  flow.  In  Fig.  579,  the 
tube  A'  Bin  jointed  at  Z>.    The  end  bearing  the  float 
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Kia  inserted  into  the  barrel  to  be  filled,  and,  as  the 
float  ris^  it,  throygh  the  medium  of  the  rod  L  and 
jointed  lever  M NO,  releases  the  detent  H,  allow- 
ing a  spring  to  force  up  the  rod  g  and  depress  the 
rod  e,  closing  the  valve  E  and  cutting  off  the  supply. 
As  the  projecting  spout  B  is  lightened  by  the  ab- 
sence of  the  liquid,  the  counterpoise  weight  T  lifts  it 
dear  of  the  bung-hole. 

In  another  form,  the  liquid  flows  through  a  stop- 
cock to  enter  the  barrel ;  when  the  latter  is  full,  the 
liquid  overflows  into  a  chamber  in  which  a  float  rises 
and  operates  a  lever  to  close  the  stop-cock. 

In  another  form,  as  the  liquid  rises  and  closes  the 
air-exit,  the  air  condensed  in  the  upper  part  of  the 
barrel  passes  through  a  duct  in  the  faucet,  and  by 
pressure  on  a  diaphragm  operates  a  lever  which  closes 
the  supply. 

In  some  cases  the  elevation  of  the  water-level  oper- 
ates a  whistle,  in  another  rings  a  bell.  The  ascend- 
ing float,  however,  is  the  usual  operative  feature  of 
the  barrel-filler. 

Bar'rel-fill'ing  Gaga  (Hydraulics.)  An  auto- 
matic indicator,  used  in  connection  with  a  faucet,  to 
announce  when  the  liarrel  is  about  full,  so  that  the 
supply  may  be  stopped.  Some  gages  merely  show 
the  night  of  the  liquid  in  the  barrel ;  others  give  an 
alarm  when  it  attains  a  certain  hight ;  others  cut 
off"  the  supply.     See  BARREL-FiUiER. 

Bar'rei-head  Cut'ter.  (Coopering.)  a.  A  tool 
for  rounding  and  chamfering  barrel-heads.     The 
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pivot  c  is  stuck  into  the  center  of  the  head,  and  the 
tool  rotated  by  the  handle  ff.    The  angular  cutter 

Fig.68L 
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F  is  adjustable  on  the  shank  B  of  the  tool,  according 
to  the  radius  of  the  barrel-head. 

h.  A  machine  for  effecting  the  same  purpose.  In 
the  example  the  blank  is  placed  between  the  clamp- 
ing disks,  and  the  frame  turned  so  as  to  bring  the 
blank  in  contact  with  the  disked  saw ;  this  move- 
ment also  brings  the  bevel-wheel  upon  the  arbor  of 
the  clamping-msks  in  connection  with  its  motive- 
wheel  upon  the  saw-shaft.  The  frame  is  duplicated, 
so  that  while  one  blank  is  being  operated  on,  another 
may  be  clamped  inposition. 

Bar'rel-head  Hold'er.  (Coopering,)  A  clamp 
consisting  of  a  pair  of  jaws  for  holding  barrel-headfl 
in  position  while  being  trimmed  around  the  edges. 

Bar'reX-hoop'ing  Ma-chine'.  (Coopering,)  A 
machine  for  setting  the  hoops  on  a  barrel.  A  circu- 
lar ring  has  pendent  drivers,  and  is  reciprocated  by 
a  rack-bar  and  pinion.  The  assembled  staves  are 
placed  in  upright  position,  and  the  hoops  driven 
thereon  by  the  downward  motion  of  the  drivers. 

Bar'rel-loom.  ( Weaving.)  a.  A  loom  in  which 
a  barrel,  usually  a  square  prism,  receives  the  perfo- 
rated cards  which  determine  the  figures.  A  jacquard 
loom, 

b.  One  used  for  weaving  figured  fabrics ;  the  rising 
and  falling  of  the  heddles  which  govern  the  warps 
being  accomplished  through  the  agency  of  pins  on 
the  revolving  barrel. 

Bar'rel-mak'ing  Ma-ohine'.  (Coopering.)  A 
machine  or  series  of  machines  by  which  some  prin- 
cipal part  of  the  process  of,  or  the  series  of  processes 
in,  making  barrels  is  performed. 

Brown^  English  Patent,  1825,  embraces  the  fol- 
lowing series  of  devices  :  — 

1.  A  circular  saw,  with  a  bench  and  slide-rest, 
havinff  an  adjustable  guide  consisting  of  a  flexible 
bar,  which  is  bent  to  the  curve  desired  for  the  edge 
of  the  stave.  A  piece  of  wood  of  proper  dimensions 
is  clamped  to  the  slide-rest,  whicn  is  advanced  by 
hand  along  the  guide  and  presented  to  the  circular 
saw,  which  gives  the  proper  curve  to  the  edge  of  the 
stave. 

2.  An  apparatus  with  cutters,  attached  to  a  re- 
volving standard,  by  means  of  which  the  staves, 
secured  by  temporary  hoops,  are  crozed. 

8.  An  apparatus  somewhat  similar  to  the  above, 
in  which  the  straight  pieces  of  wood  for  forming  the 
heads  aro  held  together,  cut  to  the  circular  nguro 
required,  and  beveled. 

4.  A  machine  in  which  the  cask,  after  having 
been  assembled  and  headed  up  by  hand  in  the  usuu 
way,  is  revolved,  while  a  cutting  tool  is  made  to 
traverse  along  its  exterior,  forming  a  smooth  surface. 

The  arrangement  of  the  machinery  at  Glen's  Falls, 
N.  Y.,  consists  of  three  machines  :  the  first  for  cut- 
ting the  staves  to  the  required  length,  finishing  the 
he^s,  and  making  the  croze ;  the  second  jointing 
the  staves  in  packs  ;  the  third  forming  the  heads. 

Bar'rel-or'gan.  (Miuic)  An  instrument  in 
which  the  notes  are  sounded  by  means  of  pins  or 
staples,  arranged  as  to  time  and  place  on  the  surface 
of  a  cylinder  which  is  rotated  by  hand.  See  Hand- 
organ. 

Bar'rel-pan.  A  steel  pen  which  has  a  split  cylin- 
drical shank,  adapting  it  to  slip  upon  a  round 
holder. 

Bar'rel-pro'oesB.  A  mode  of  extracting  precious 
metals  from  ores.    See  Amalgamator. 

Bar^el-roU'er.  A  device  for  clamping  the  ends 
of  a  barrel,  and  manipulating  it  so  as  to  allow  it  to 
torn  freely  when  rolled  along  on  its  bilge. 

A  pair  of  handles  of  a  convenient  size  are  crossed, 
and  pivoted  at  the  point  of  crossing  like  a  pair  of 
scissors.    The  opposite  ends  of  the  handles  are  each 
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the  clasps  are  mounted  in  circular  guide- 
ways  on  the  clamping  rails,  so  that  they 
may  vibrate  in  arcs  of  which  the  axis  of  rotation  of 
the  frame  forms  the  center.    This  causes  a  swashing 
motion  of  the  water  endvrays  of  the  barrel,  by  which 
its  interior  is  cleansed. 


Barrow-Pitmp. 

acting,  and  is  worked  by  the  lever  a,  which  pro- 
jects over  and  between  the  handles  of  the  banow. 
b  is  the  suction-hose ;  d,  dischaige-nozzle ;  e,  air- 
chamber ;  g,  cylinder. 
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Bar-share  Plcw.  (AgriciUture.)  One  having 
a  bar  Extending  backward  from  the  point  of  the 
share.  Used  in  tending  crops,  laying  out  corn-rows, 
etc. 

Bar-shear.  (Metal-working.)  A  machine  for 
catting  metallic  bars.     It  consists  of  a  very  strong 

Fig.  M6. 


Bar^  Shear. 

frame,  having  a  fixed  lower  blade  e  and  a  vertically 
reciprocating  upper  blade  d,  between 
which  the  bar  is  sheared,  a  is  the  fly- 
wheel, b  the  main  gear-wheel  on  the  axis 
of  the  cam  (hidden  in  the  interior  of  the 
casing),  which  works  the  tail  of  the  lever 
c  and  reciprocates  the  jaw  d.  See  Bar- 
cutter. 

Bar-shoe.  (Farriery.)  A  horseshoe 
which  is  not  open  at  the  heel,  but  is 
continued  round  at  the  rear.  It  is  used 
with  horses  which  are  liable  to  contrac- 
tion of  the  heel,  to  spread  that  part  of 
the  foot. 

Bar-shot.  (Ordnance.)  A  projectile 
formerly  used,  consisting  of  two  cannon- 
balls,  or  half-balls,  united  by  a  bar  of  iron, 
and  employed  for  severing  the  rigging 
of  vessels,  as  well  as  for  field  and  fort 
artillery. 

Shot  used  in  proving  ordnance  may  be 
considered  as  belonging  to  this  class,  con- 
sisting, as  they  do,  of  a  bar  with  hemi- 
sphencal  ends,  weighing  twice  or  three  times  that 
of  the  solid  shot  used  in  service. 

Bar-ti-zan'.  (Fortijieation,)  The  overhanging 
tun-ets  of  a  battlement. 

Bar'ut-ine.  (Fabric.)  A  kind  of  Persian 
silk. 

Ba-salf  ing.  A  process  for  utilizing  the  scoria: 
of  blast-furnaces  for  making  paving  and  building 
blocks. 

Ba-sane'.  (Leather.)  French  tanned  sheep-skins 
for  bookbinding.     Baw8in. 

Bas'OTile.  f^r.  see-saw.)  A  form  of  bailing-scoop 
used  by  Perronet  at  the  Bridge  of  Orleans  was  worked 
by  20  men,  10  at  each  end.  600  motions  were  given 
to  it  per  hour,  and  at  each  motion  4  cubic  feet  of 
water  were  raised  3  feet  high  ;  2,400  cubio  feet  per 
hour. 

It  consists  of  a  pair  of  scoops  a  a  on  a  single  frame, 

which  is  pivoted  to  oscillate  upon  bearings  on  the 

summit  of  posts  5,  secured  to  a  frame  planted  on  the 

bottom  of  the  river,  pond,  or  inclosure  to  be  dra  ined 

•  See  Ba  I  LI  NO-SCOOP. 
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Baa'cule  Bridge.  A  counterpoise  drawbridge 
w^hich  oscillates  in  a  vertical  plane ;  the  inner  por- 
tion descends  into  a  pit,  while  the  outer  ascends  and 
closes  the  gateway. 

A  bridge  which  has  its  truck  simply  hinged  to  the 
edge  of  the  scarp  or  curbing,  and  which  is  lifted  by 
weight  or  windlass,  is  classed  as  a  Lifting-bkidge 
(which  see).  The  bascule  has  an  inner  portion  of 
roadway,  which  acts  as  a  counterpoise  to  tne  portion 
which  projects  over  the  water-way.  The  inner  por- 
tion descends  into  a  dry  well  when  the  bridge  is 

Fig.68& 


Bascule  at  Brussels, 

lifted  into  a  vertical  position,  the  outer  portion  clos- 
ing the  opening  in  the  wall  outside  of  the  portcullis, 
if  there  be  one.  This  form  of  bridge  was  not  uncom- 
mon in  the  castles  of  the  feudal  times,  when  the  rich 
owned  the  poor,  and  learning  had  no  refuge  but  in 
the  Church. 

Fig.  689. 


Bascule  Neu/Brisaek. 
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A  bascule  bridge  at  Brussels,  called  a  balaiicing- 
bridge,  has  an  overweighed  land  end,  bo  that  it  as- 
sumes the  vertical  when  a  chock  beneath  its  inner 
end  is  removed.  The  land  end  works  in  a  q^uad- 
rantal  pit  lined  ^vith  iron.  The  strut  that  supports 
the  land  end  is  footed  upon  a  set-off  in  the  masonry, 
and  a  swinging  strut  limits  the  depression  of  the 
bridge  at  its  outer  end.  When  tilted,  the  bridge  is 
held  in  position  by  a  rack  and  pinion. 

Instead  of  the  heavily  counter-weighted  platform, 
a  pendent  weight,  chain,  and  pulleys  may  act  upon 
a  vertical  arm  to  raise  and  lower  the  platform,  which 
oscillates  upon  a  horizontal  axis. 

Base.  1.  {Ordnance.)  The  protuberant  rear  por- 
tion of  a  gun,  between  the  knob  of  the  cascabel  and 
the  base-ring. 

The  base  is  the  middle  member  of  the  cascabel  when 
the  piece  has  a  base-ring  and  knob.  In  the  simpli- 
city of  modem  pieces,  many  mere  ornaments  and 
extraneous  matters  are  omitted.  The  base  is  always 
present,  forming  the  rounded  contour  at  the  rear  of 
the  breech. 

2.  (Carpentry,)  The  skirting-board  next  to  the 
floor  of  a  room. 

8.  {Surveying. )  The  main  line  of  a  survey,  ascer- 
tained by  actual  measurement,  upon  which  the  sub- 
sequent trigonometrical  operations  are  founded. 

4.  (Architecture.)  The  lower  part  of  a  structure  : 
of  a  building  it  may  constitute  a  basement ;  of  a  col- 
umn it  may  cx>nsi8t  of  base-moldings  and  plinth. 

5.  (Fortification.)  The  line  connecting  the  salient 
angles  of  two  bastions. 

6.  {Dentistry.)  A  foundation  resting  immediatelv 
upon  the  gums,  on  or  into  which  the  artificial  teeth 
are  placed. 

BaBa-bam'ing  Fur'naoa.    A  furnace  or  stove 
in  which  the  fuel  is 
Wg.  690.  contained  in  a  hop- 

per or  chamber,  from 
which  it  is  fed  to  the 
Are  as  the  lower  stra- 
tum bums.  The  sup- 
ply is  thus  continu- 
ous, the  hopper  hold- 
ing a  supply  for  any 
given  time,  according 
to  its  capacity. 

The  idea  s^ms  to 
have  originated  in  the 
"  Constant  Furnace  " 
of  the  alchemists.  See 
Athanor. 

James  Watt  con- 
trived a  smoke-con- 
suming furnace  on 
that  principle.  See 
Smoke-  consuming 
Furnace. 

,  The  principle  of  the 
base -burner  is  also 
found  in  the  f.iraace 
exhibited  in  1685 
by  M.  Delasme,  at 
the  fair  of  St.  Ger- 
main.  It  consisted 
of  a  long  tube  like 
an  inverted  siphon, 
the  longest  \eg  of 
which  formed  the 
,  chimney      and      the 

shortest  the  furnace. 
The  fuel  was  depos- 

-  ited  on  a  grating  near 
Base-Bttming  Stove.  the  top  of  the  short- 


est leg,  being  supplied  from  above.  Soon  after  igni- 
tion of  the  fuel,  heat  was  communicated  to  the  longest 
leg  or  chimney,  and  by  that  means  a  current  of  air 
was  caused  to  pass  downward  through  the  fuel  and 
under  the  grate,  where  the  smoke  was  consumed. 

BaBe-bum'ing  Stove.  One  having  a  magazine 
to  hold  a  supply  of  fuel,  which  falls  out  at  the  bot- 
tom as  that  in  the  fire-pot  becomes  consumed.  In 
the  example,  the  grate  is  arranged  to  be  dumped 
without  opening  the  base  of  the  stove,  thus  prevent- 
ing the  escape  of  dust.  The  reservoir  is  constmcted 
in  three  sections.  Above  the  mica  windows  is  a 
register  for  the  purpose  of  admitting  air  to  the  fire. 

Base'ment.  (ArdiUecture.)  The  lower  story  or 
floor  of  a  building ;  the  story  of  a  house  below,  or 
l>artly  below,  the  level  of  the  ground. 

Base-plate.  (Machinery.)  The  bottom  plate, 
to  which  the  frame  of  an  engine  or  machine  is  fas- 
tened.    A  bed-plate. 

Base-ring.  (OrdTvance.)  A  molding  on  the  &r»!c7i 
of  a  gun,  between  the  base  and  the  first  reinforce. 
See  Cannon. 

Baae-vi'ol.  (Music.)  An  instmment  of  the  vio- 
lin kind,  the  largest  of  the  class.  It  has  four  strings 
and  eight  stops,  divided  by  semi-stops.  It  is  played 
by  a  bow. 

Baa'iL  1.  (Cutting-tools.)  The  ground  surface 
of  a  cutting- tool  which  forms  an  angle  with  the 
back  ;  as  of  a  chisel,  graver,  plane-bit,  etc. 

The  broad-axe,  adz,  firmer  and  paring  chisels^ 
gouge,  plane-bit,  graver,  have  but  a  single  basU :  one 
face  is  permanent  and  straight ;  the  snarpening  is 
done  upon  the  basil. 

Chopping -axes,  hatchets,  machetes,  stone -axes, 
bill-hooks,  swords,  tomahawks,  tuming-chisels,  etc., 
have  a  double  basil,  if  it  may  be  so  termed.  They 
are  sharpened  equally  on  the  two  faces. 

2.  (Leather, )  A  sheep-skin  tanned  with  bark,  and 
of  quality  for  making  slippers. 

Baa'iJisk.  (Ordnaaux,)  An  old  name  for  a  long 
48-pounder  cannon  ;  so  called  from  the  snakes  which 
superseded  the  dolphins  conmion  on  other  guns. 

Ba'sixL  1.  (Optics.)  The  disk  on  an  optician*8 
stake,  in  which  convex  lenses  are  ground. 

2.  (Hat-making,)  The  iron  mold  in  which  a  felt 
hat  is  formed. 

8.  (Hydraulic  Engineering,)   a,  A  wet-dock  with 

gates  to  restrain  the  reflux 

Fig.  591.  of  water  when  the  tide  ebbs. 

b.  The  space  between  gates 

in  a  dock. 

c  A  widened  space  in  a 
navigable  canal  to  pennit 
boats  to  turn,  or  to  he  and 
unload,  without  interfering 
with  the  passage  of  other 
boats. 

Ba'sin  -  Can'cet  (ffy- 
draulics.)    A  oock  for  regu- 


=^ 


B(uin-Flauc€t. 


latin^  the  flow  of  water  into 
a  basin,  etc.  Some  operate 
by  turning,  so  as  to  par- 
tially or  wnolly  unclose  the 
mouth  of  the  supply-pipe. 
In  the  example,  the  wive/ 
is  stepped  in  the  screw-shaft 
Z>,  and  has  an  elastic  disk  at 
bottom,  which  rests  on  the 
supply-tube  Aj  and  is  lifted 
from  its  seat  by  rotation. 
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Other  faucets  operate  by  vertical  pressure  on  a 
button  or  lever,  which  depresses  a  spring-valve  and 
opens  the  water-way ;  the  pressure  being  relieved, 
tne  efflux  ceases. 

Baa^et.  1.  A  vessel  made  of  flexible  materials 
lapped orinterwoven.  The  art  of  interweaving  wands, 
leaves,  and  splints  is  of  great  antiquity.  The  ark  of 
Moses  was  a  basket  of  interwoven  bulrushes,  made 
water-tight  bv  slime  and  pitch  (Ex.  ii.  3),  1671  b.  c. 
The  chief  baker  of  Phai-aoh  dreamed  that  he  had 
three  white  baskets  upon  his  head  filled  with  bake- 
meats,  which  probably  meant  cakes.  This  was  1717 
B.  c.     (Gen.  xl.  17.) 

The  ordinary  use  of  the  basket  in  gathering  in  the 
crop  is  indicated  by  the  blessing  of  wisket  and  store. 
(Deut.  xxviii.  6.) 

On  opening  one  of  the  ancient  tombe  of  Egypt,  a 
lady's  work-&sket  was  found,  containing  the  follow- 
ing articles,  which  may  now  be  viewed  by  generations 
from  twenty-five  to  thirty  centuries  subsequent  to  the 
time  of  the  lady  who  used  them.     They  are  in  the 
Abbott  collection.  New  York  City. 
Two  skeins  of  thread  ; 
A  small  white  glass  bottle  ; 
An  ointment-box ; 

A  toilet-box  to  contain  kohl,  for  blacking  the 
edges  of  the  eyelids,  as  in  the  days  of  Jezebel ; 

A  wooden  netting-needle,  charged  with  the  origi- 
nal thread  ; 
Two  bronze  needles ; 
One  blade  of  a  pair  of  scissors  ; 
A  piece  of  linen,  partly  darned  ; 
Some  bronze  pins ; 
An  ivory  dress  comb  ; 
A  wooden  comb ; 

Four  small  ivory  pegs,  use  uncertain  ; 
A  bronze  spatula,  for  spreading  unguents  ; 
Some  false  hair,  plaitea. 

Baskets  from  ancient  Egypt,  preserved  in  the  Ab- 
bott Museum  of  Antiquities,  New  York  City,  are 
made  of  grass,  reeds  covered  with  leather,  and  of 
date-tree  fiber. 

Pliny  refers  to  the  suppleness  and  graceful  slender- 
ness  of  the  osier  willow,  as  fitting  it  for  the  weaving 
of  baskets  and  many  utensils  employed  in  agriculture. 
In  ancient  Egypt,  wicker-work  oaskets  were  made 
of  osiers  and  the  stalks  of  the  pidm-leaf.  They  were 
made  with  and  without  handles,  for  various  purposes, 
and  of  different  sizes  and  shapes.  Grain  was  sown 
from  a  basket ;  eggs,  figs,  and  grapes  aro  represented 
in  baskets  in  the  neld  and  the  store-room. 

Baskets  made  of  palm-leaves  are  preserved  in  the 
British  Museum. 

The  ancient  Britons  excelled  in  making  baskets, 
which  were  largely  exported  and  sold  for  high  prices 
at  Rome.  British  articles  were  transported  to  Rome 
in  baskets,  and  the  British  name  for  these  hampers 
was  there  retained,  —  bascuda.  The  Welsh  preserve 
it  as  basgawd.  When  Britain  was  first  known  to  the 
Romans,  the  natives  made  boats  of  basket-work  cov- 
ered with  hides,  and  boats  made  in  a  similar  way 
are  still  used  in  parts  of  Wales.  See  Coracle.  Boats 
of  split  bamboo,  woven  like  basket-work,  are  used  in 
Hindostan,  and  in  some  parts  of  South  America  rush 
baskets  capable  of  holding  water  are  made  by  the 
natives. 

A  two-horse  carriage  of  basket-work,  termed  a 
'*  Holstein  wagon,"  is  used  in  some  parts  of  Europe, 
and  this  material  is  very  commonlv  employed  in  the 
United  States  for  the  bodies  of  sleighs,  and  some- 
times for  pony  phaetons.  Rattan  is,  however,  the 
neater  and  more  desirable  material. 

For  the  finer  kinds  of  baskets  particularly,  osier 
is  the  material  most  commonly  used,  but  for  a  coarser 


Fisc692. 


SpHnt  Basket. 

basket,  strips  of  split  hickory,  oak,  or  black  ash,  nrc 
frequently  employed.  Osiers  are  prepared  for  the 
basket-maker  by  being  split  asunder  or  stripped  of 
their  bark,  according  to  the  kind  of  work  for  which 
they  are  intended.  Previous  to  being  stripped,  they 
require  to  be  soaked  in  water,  and  the  stnppiu^  is 
performed  by  drawing  the  willows  through  iron 
hrakes,  which  remove  the  bark  ;  they  are  next 
cleaned  by  a  sharp  knife,  and  exposed  to  the  sun 
and  air.  The  barked  or  white  osiers  are  assorted  into 
bundles  or  fagots  according  to  size,  the  larger  ones 
being  used  for  the  strong  work  in  the  skeleton  of  the 
basket,  and  the  smaller  for  the  bottom  and  sides. 

When  the  osiers  are  used  for  ordinary  work,  they 
are  taken  whole  ;  but  for  fine  work,  they  are  divided 
by  an  instrument  consisting  of  two  edge-tools  set 
at  right  angles  to  each  other,  which  quarter  the  rod 
longitudinally  through  the  pith.  These  are  next 
drawn  through  an  implement  resembling  an  ordinary 
spoke-shave,  keeping  the  outer  part  of  the  split  next 
to  the  wood  while  the  pith  is  presented  to  the  iron 
edge  of  the  instrument ;  the  split  is  further  reduced 
and  made  regular  in  thickness  by  bein^  drawn  through 
a  flat  piece  of  steel  having  one  cutting  edge  like  a 
chisel ;  the  flat  is  bent  round  so  that  the  plain  and 
cutting  edges  are  made  to  approach  or  recede  oy  means 
of  set  screws,  regulating  the  thickness  of  the  osier. 

In  basket-making,  a  number  of  rows  are  laid  cross- 
wise to  form  the  start  for  the  bottom,  and  are  woven 
together  by  a  spiral  weft  of  wands,  which  pass  al- 
tematfely  over  and  under  the  radial  wands,  to  which 
others  are  added  as  the  size  increases ;  the  wands  ar^ 
bent  up  to  form  the  sides,  and  other  rods  are  woven 
in  and  out  between  each  of  them,  until  the  basket  is 
raised  to  the  intended  hight.     The  edge  or  brim  is 

Fig.fiOS. 
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finished  by  turning  down  tlie  projecting  ends  of  the 
ribs,  whereby  the  whole  is  firmly  and  compactly 
united.  Handles  are  formed  by  forcing  two  or  three 
osiers,  sharpened  at  their  ends  and  cut  to  the  proper 
length,  down  the  weaving  of  the  sides  close  together, 
ana  they  are  pinned  fast  about  two  inches  from  the 
brim,  so  as  to  retain  the  handle  in  the  proper  posi- 
tion. The  osiers  are  then  bound  or  plaited,  ana  the 
handle  is  finished. 

Of  late  years  much  ingenuity  has  been  exercised  in 
devising  forms  of  baskets  for  the  carriage  of  fruit  to 
market  in  packages  of  size  proportioned  to  the  char- 
acter of  the  fruit.  Osiei-s,  sphnts,  veneers,  and  pa- 
per have  been  employed.  Some  of  these  baskets  are 
made  frustum-shaped,  so  as  to  pack  in  nests  for  re- 
turn ;  others  have  been  made  folding  or  collapsible  ; 
others  of  such  cheap  material  and  workmanship  as 
to  be  sold  with  the  fruit. 

Veneer  baskets  are  made  with  bails  or  handles,  or 
simply  as  boxes.  The  parts  are  sometimes  interwoven, 
but  more  often  fastened  by  tacks  or  rivets. 

2.  (Fortificatwn,)  In  field-works,  a  gabion  or  coT' 
beille  filled  with  earth  and  built  into  a  parapet. 

8.  {ffcU-making,)  A  wicker-work  or  wire  screen 
of  an  oval  shape,  which-  collects  the  filaments  of  hair 
as  they  are  lightly  thrown  on  to  it  by  the  bow,  which 
separates  them  nx>m  the  bunch  deposited  on  the 
bench.     See  Bowing. 

Baa'ket-car'riage.  ( Vehicles.)  A  small  vehicle 
with  a  wicker  bed,  and  adapted  to  be  drawn  by  ponies. 

Baa^et-f;rate.  A  fire-gi-ate  for  burning  coal,  in 
which  the  bottom  and  one  or  more  of  the  sides  are 
made  of  bars,  with  intervening  openings  through 
which  air  is  admitted  and  heat  emitted. 

BaslKet-mak'ijig  Illa-chixie'.  A  circular  wooden 

Fig.  6M. 
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bottom-piece  with  radially  projecting  basket-strips  is 
attached  to  the  end  of  a  rotating  shaft,  and  during 
the  rotation  of  the  bottom  and  radial  strips,  a  filling- 
carrying  device  having  a  vibratory  motion  passes 
over  and  under  the  radial  strips,  and  leaves  the  filling 
carried  by  it,  and  this  filling  is  laid  in  compactly  by 
reed-like  pieces.  See  patents  for  this  class  of  ma- 
chinery to  F.  H.  Brown,  Nos.  68,966,  69,809,  70,072, 
70,160,  70,318. 

in  the  example,  the  skeleton  of  a  top  or  bottom 
is  clamped  to  the  shaft  by  set  screws.  The  end  of 
the  filling  is  fed  through  the  apron.  Motion  is  ap- 
plied to  tne  driving-shaft  which  rotates  the  sJceleton. 
The  pad  of  the  apron  is  vibrated  by  the  action  of  the 
eccentric  wheel  that  rests  upon  the  ring,  causing  the 
rods  to  vibrate  alternately  above  and  below  the  fill- 
ing, which  is  introduced  between  them. 

Bas'ket-work.  (Fartijication.)  Work  involv- 
ing the  interweaving  of  withes  and  stakes.  Such  as 
wicker-vxjrky  randingt  ucaUlingf  waling-gabionSy  fas- 
cines, hurdles,  etc. 

Ba'son.  {Hat-maJciiig.)  A  triangular  metallic 
plate  upon  which  a  covering  of  fiir  is  laid  and  felted 
to  make  a  conical  napping,  or  pull-over  for  a  hat- 
body.     The  same  as  Basin. 

Bas'aet.  {Mining  Engineering.)  The  outcrop  or 
emergence  of  a  stratum  or  seam  at  the  surface. 

Bas'set-horiL    {Mime.)    A  wind  instrument  re- 
sembling the  clarinet  in  tone  and  manipulation,  but 
larger.     It  is  seldom  employed  in  the  orchestra,  ex- 
cept in  the  execution  of  a  few  8|)ecial  pieces.     It  is 
believed  to  have  been  invented  at  Papan,  about  1770, 
and  afterwards  i)eifected  by  Lotz,  of  Presburg. 
Baa-sette'.    {Music.)    A  small  bass-viol. 
Bass-horn.     {Mtmc.)     A  wind  instrument  of 
deeper  tone  than  the  bassoon. 
saa-soon'.   {Music.)    a.  A  musical  wind  instru- 
ide  of  wood,  and  capable  of  being  divided 
middle,  so  that  the  two  parts  may  be  of  a 
ivenient  length  for  carriage.     The  bassoon 
d  and  curved  mouth-piece,  and  is  played  by 
r  keys  and  finger-holes  like  the  clarinet,  to 
forms  the  bass.     Its  compass  is  three  oc- 
taves, from  double  A  in  the  bass,  to  A  in 
^  the  second  space  of  the  treble,  and  its 
designation  geiierally  is  the  F  or  bass 
clef,  yet  in  tlie  higher  passages,  for  the 
more  con  venient  arrangement  of  the  notes, 
the  alto  or  tenor  clef  is  often  used. 
b.  A  reed-pipe  stop  in  an  organ,  tuned 
extent  of  its  compass)  with  open  diapason, 
inding  for  the  peculiar  quality  of  its  tone 
ipon  the  i>articular  shape  and  proportions 
ibe  through  which  the  vibrations  of  the 
■e  emitted.     See  Stop. 
re-lief.     {Sculplure.)     Strictly  speaking, 
low  relief,  but  frequently  used  in  a  somewhat  gen- 
eral sense  to  indicate  the  prominence  of  sculpture 
from  the  plane  surface  to  which  it  remains  attached. 
See  RiLiKVO. 
Bas'so-xili-a'va    (Sculpture.)    The  slight  pro- 
jection of  a  sculptured  object  from  the 
plane  surface,  as  in  the  case  of  the  fig- 
ures   on    medals,    coins,   friezes,   etc.  ; 
called,  also,  hyw-relitf.     See  Rilikvo. 

Bass-vi'ol.-  {Music,)  A  stringed 
musical  instrument  resembling  a  violin, 
but  larger,  and  havincr  a  graver  tone. 
It  is  held  in  an  uprignt  position  when 
played,  the  butt-end  resting  on  the  floor 
or  some  object  but  little  elevated  above 
it.  Theinstrument  now  generally  kno^iTi 
as  the  bass-viol  is,  in  fact,  the  violon- 
cello. 


Digitized  by 


Google 


BAST. 


245 


BAT. 


BaBt.  A  rope  or  cord  made  of  the  bark  of  the 
lime-tree,  bass-wood,  or  linden  ;  also  the  bark  made 
into  ropes  and  mats. 

Bas'tard  Pile.  One  of  a  grade  between  the 
roxigh  and  the  smooth^  in  respect  of  the  relative 
prominence  and  coarseness  of  the  teeth. 

The  order  is  as  follows  :  — 


Rough. 
Middle-cut. 

Second-cut. 

Smooth. 

Bastard. 

Dead-smooth. 

The  angle  of  the  chisel  in  cutting  the  bastard  file 
is  about  lO"*  from  the  perpendicular. 

The  number  of  cuts  to  the  inch  varies  with  the 
length  of  the  file  in  inches. 


Inches 

.     4 

6 

8 

12 

16 

20 

Cuts.     . 

.      76 

64 

56 

48 

44 

34 

Bas'tard  Stuo'co.  The  finishing  coat  of  plas- 
tering when  prepared  for  paint. 

Baa'tard  Typa  (Printing ."s  Type  with  a  face 
larger  or  smaller  than  that  usual  to  a  ix)dy  of  given 
size  ;  as,  bourgeois  on  a  brevier  body. 

Baa'tard  \l7heel.  A  flat  bevel-wheel,  or  one 
which  is  a  near  approach  to  a  spur-wheel. 

Bas-ter'na.  ( Kehicle. )  The  bastema  of  the  Ro- 
mans was  a  litter  or  species  of  sedan,  carried  by  two 
mules,  differing  from  the  lectica  in  that  the  latter 
was  borne  by  ^aves.  The  name  is  derived  from  a 
people  of  the  Carpathian  Mountains,  and  was  after- 
wams  applied  to  a  species  of  ox-cart  or  wagon  used 
by  the  early  kings  of  France. 

The  name  survives  in  a  modem  European  carriage. 

Bast'lng-ma-chlne'.  A  sewing-machine  mak- 
ing the  running  stitch,  and  used  in  basting  together 
the  ends  of  pieces  of  cotton  cloth,  in  order  to  form 
them  into  a  continuous  length  for  convenient  feed- 
ing and  handling  during  the  operations  of  washing^ 
blMchingt  singeing,  printing,  df/eing,  etc. 

Bas'tdon.  (FortifiaUion.)  A  projecting  portion 
of  the  main  inclosure  of  a  fortification,  consisting  of 
two  faces  and  two  flanks,  sometimes  single  or  de- 
tached, but  usually  arranged  on  the  angles  of  the 
fortification,  and  connected  by  a  retired  part  called 
a  eurtmn.  In  field-works,  a  series  of  Imstions, 
formed  at  the  angles  of  a  square  or  pentagon,  and 
thus  connected  with  an  extenor  ditch,  and  sometimes 

Fig.  586. 
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a  glacis,  frequently  comprise  the  whole  system  of 
defence ;  but  in  fortifications  of  a  permanent  char- 
acter these  are  surrounded  by  outworks,  and  the 
number  of  bastions  may  be  increased  indefinitely, 
the  polygon  forming  the  basis  of  the  works  being 
adapted  to  the  shape  and  capacity  of  the  place  to  be 
defended. 

Fig.  695  is  a  plan  of  two  bastions  {M  L)  connected 
by  a  curtain  with  outworks,  as  arranged  on  the  mod- 
em system. 

The  various  parts  not  particularly  described  here 
may  be  found  under  their  respective  alphabetical 
heads. 

A,  Interior  slope. 

T,  Terreplein  of  rampart. 
R,  Parapet  of  rampart. 
A  T  R,  Rampart. 

a.  Scarp. 

M,  Full  bastion. 
Z.  Empty  bastion. 
p  q.  Face  of  bastion. 
q  O.  Flank  of  bastion. 
K opqG.  Outline  of  bastion. 
OH.  Curtain. 
t.  Ramps. 

B.  Ditch. 
Z).  Tenaille. 

F.  Caponniere. 
e.  Batardeau. 
FFF.  Ravelin. 

iS.  Redoubt  in  ravelin. 

b.  Counterscarp. 

n.  Traverses  in  covered  way. 
C,  Reentering  places  of  arms. 
W.  Redoubt  in  places  of  arms. 
P.  Salient  places  of  arms. 
V.  Covered  way. 
X,  Glacis. 
A  hollow  bastion  is  one  in  which  the  terreplein  is 
not  continued  to  the  rear  beyond  a  certain  distance, 
at  which  a  farther  descent  occurs. 

A  full  bastion  incloses  ground  which  is  even  with 
the  rampart. 

An  empty  bastion  has  a  terreplein  adjacent  to  the 
pArapet,  and  the  middle  portion  is  much  lower. 

A  oastion  is  said  to  be  composed  when  two  sides  of 
the  interior  polygon  are  very  unequal. 

A  ditached  bastion  is  separated  from  the  inclosure 
by  a  ditch  about  its  gorge,  and  not  connected  by  a 

)mposed  of  long  parapets  of 
vals  by  bastions.    See  Line. 
A  fort  having  two  or  more 
curtains.     The  term  is  com- 
i-works.     The  essential  prin- 
t  are,  that  it  is  constructed 
so  that  the  most  promi- 
nent part  of  each  salient 
is  on  a  line  bisecting  the 
angle  of  a  polygon  ;  the 
flanks  are  arranged  per- 
I>endicularly  to  the  face 
y  of  the  opposite  bastions, 
f    so  us  to  obtain  a  raking 
fire  within  easy  musket- 
rahgi\ 
Bat.     1.  A  mallet. 
2.  A  club  for  striking  a 
f    ball  in  various  plays  ;  as, 
base  -  ball,     cricket,    cro- 
,    quet,  etc. 

8.  A  rammer  used  by 
founders. 
4.  {Briber. )  (I.  Clean  cot- 
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ton  in  loose  and  evenly  spread  condition.  The  pro- 
duct of  the  batting-machine,  in  which  the  cotton  is 
scutchedf  bloton^  and  delivci-ed  in  an  even  continuous 
wad,  which,  when  wound  on  a  roller  or  axis,  forms 
a  lap  and  is  ready  for  carding. 

b.  A  scutching  or  beating  sword  for  hemp  or  flax. 

5.  {Plumbiiig. )  A  plumber's  tool,  made  of  beech, 
about  eighteen  inches  long,  and  used  for  dressing 
and  flatting  sheet-lead. 

6.  {Hat-making.)  a.  One  or  more  slivers  of  carded 
wool,  or  a  body  of  blown  fur.  The  subsequent  pro- 
cesses are  shrinking  and  liardening  ;  the  first  by  im- 
mersion in  hot  water,  the  latter  by  pressure  and 
rubbing.     Felting  succeeds. 

Wcbt  lap,  sheet,  and  sliver  are  synonymes  in  this 
connection. 

b.  In  hand-work,  a  bat  may  be  said  to  be  a  light 
assemblage  of  felting-hair  gathered  bv  the  bow.  It 
is  compacted  by  pressure  <Jf  the  hands  on  a  piece  of 
leather  called  the  hardening-skin,  and  by  rubbing. 

7.  A  half  or  other  portion  of  a  brick  large  enough 
to  be  worked  into  a  wall. 

Bat'ar-da'te.  (NaiUical.)  A  square-stemmed 
rowing-galley. 

Bafar-dean'.  1,  {Fortification.)  A  wall  across  the 
ditch  to  retain  the  water  in  that  port  of  a  ditch  re- 
quiring  to  be  inundated.  Its  crest  is  too  narrow  to 
ffiSbrd  a  passage  for  the  enemy. 

2.  {Engineering.)  A  coffer-dam,  or  case  of  piling 
without  a  bottom,  for  building  the  piers  of  a  bridge. 
See  Coffer-dam. 

Bat-bolt.  {Machinery.)  A  bolt  barbed  or  jagged 
at  its  buU  or  tang,  to  retain  it  within  an  object  cast 
or  solidified  about  it. 

Batch.  A  lot  of  prepared  materials  or  articles, 
suitable  in  quantity  for  once  charging  a  pot,  furnace, 
or  oven. 

1.  {Glass.)  The  frit  of  a  glass-maker  compounded 
and  sifted  for  use,  ready  for  the  glass-pot  or  crucible. 

2.  A  lot  of  dough  or  unbaked  loaves. 

3.  {Mining.)  A  certain  quantity  of  ore  sent  from 
a  mine  to  the  surface  by  a  couple  of  men. 

Bate.  {Leather.)  The  alkaUne  solution  employed 
in  the  preparation  of  hides,  after  liming  and  before 
tanning,  to  remove  or  neutralize  the  lime.  See  Bat- 
ing. 

Ba-teau'.  {ITautical.)  a,  A  flat-bottom  boat, 
used  in  navigation  and  propelled  by  oars  or  by 
poles. 

b.  A  ponton  of  a  floating  bridge. 

Bath.  1.  A  vessel  in  which  the  whole  or  a  part 
of  the  person  may  be  washed  or  bathed. 

2.  A  house  or  place  where  such  conveniences  are 
provided. 

3.  A  tank  containing  a  liquid  for  galvanic  or  elec- 
tro-metallurgic  purposes. 

4.  A  vessel  containing  a  fluid  metal  or  heated 
composition,  as  a  lead- bath  or  sand-bath. 

Baths  were  long  used  in  Oriental  countries,  and 
traveled  by  the  route  of  Egypt  to  Greece.  Homer 
mentions  the  use  of  the  bath  as  an  old  custom.  From 
Greece  they  reached  Rome,  imported,  as  it  is  said, 
by  Agrippa.  The  therma)  {hot  baths)  were  very  splen- 
did, and  adorned  for  a  T)eople  who  spent  much  leis- 
ure among  the  baths  and  their  voluptuous  accessories. 
The  mar^e  group  of  Laocoon  was  found  in  1506  in 
the  Baths  of  Titus,  erected  about  A.  D.  80 ;  and  the 
Famese  Hercules  in  the  Baths  of  Caracalla,  erected 
A.  D.  217. 

A  rollicking  Greek  thus  writes  :  — 

**  And  lately  baths,  too,  have  been  introduced,  — 
things  which  formerly  men  would  not  have  permit- 
ted to  exist  inside  a  city.  And  Antiphanes  points 
out  their  injurious  character  :  — 


*  Plague  take  the  bath !  Just  see  the  plight 
In  which  the  thing  has  left  me ; 
It  fieems  t'  have  boil'd  me  up,  and  quite 

Of  strength  and  nerve  herott  me. 
Don't  touch  me !    Curst  was  he  who  taught  a 
Bian  to  soak  in  boiling  water ! ' 

AUutunu^  Spit.  B.  L  32.^' 

Homer,  however,  mentions  another  set,  who 

*'  to  the  polished  marble  bath  reiMiir. 
Anoint  with  treah  perftimes  their  flowing  nair, 
And  seek  the  banquet  hall." 

*     Iliad. 

At  one  period  there  are  said  to  have  been  more 
than  800  oi  these  esta'blishments  in  Rome,  many  of 
them  doubtless  of  the  -smaller  class,  founded  by  pri- 
vate individuals.  The  erection  of  baths  was  one  of 
the  principal  means  by  which  many  of  the  emperors 
endeavored  to  obtain  fame  and  popularity.  Nearly 
all  these  structures  have  yieldea  to  the  ravages  of 
time,  but  sufficient  remains  arc  left  to  afibrd  an  idea 
of  their  general  construction  and  arrangement. 

The  &ths  of  Caracalla  were  probably  the  most 
magnificent  structure  that  adorned  the  ancient  capi- 
tal of  the  world ;  they  occupied  a  quadrangle  of  1,011 
by  1,080  feet.  The  entrance  was  decorat^  by  a  por- 
tico composed  of  two  stories  of  arcades,  one  above 
the  other,  erected  upon  half-columns,  Ionic  below 
and  Boric  above.  Some  of  the  finest  statues  of  an- 
tiquity have  been  found  within  these  ruins,  giving 
an  idea  of  their  original  magnificence. 

These,  like  other  structures  of  the  kind  erected  by 
the  Romans,  were  heated  by  stoves,  and  had  arrange- 
ments for  affording  three  different  kinds  of  batns, 
cold,  tepid,  and  warm,  according  to  the  taste  or 
reouirements  of  the  bather. 

For  a  piece  of  money  equivalent  to  about  half  a  cent 
any  Roman  citizen  could  procure  the  advantages  of 
one  of  these  baths,  whicn  were  accessible  alike  to 
the  rich  and  the  poor. 

The  buildings  were  illuminated  at  night  by  lamps 
and  candelabra,  the  light  of  which  was,  according 
to  Seneca,  thrown  on  crystal  balls  placed  in  the 
vaulting  or  on  the  walls,  so  as  to  produce  the  most 
dazzling  reflection.  Glass  was  introduced  in  the 
time  of  Pliny,  who  caUs  it  a  modem  invention.  He 
was  mistaken. 

Remains  of  baths  have  been  found  in  all  countries 
where  the  Roman  power  extended.  At  Chester,  Eng- 
land, amon^  the  ruins  of  a  bath  were  found  bricks 
stamped  with  the  impression  LEG  XX,  leading  to 
the  inference  that  the  structure  had  been  erected  by 
the  20th  Roman  l^on,  sumamed  the  Victorious. 

Those  of  Pompeii  are  still  in  a  wonderful  state  of 
preservation. 

In  one  of  the  baths  of  Rome,  the  basin  was  found 
to  be  coated  with  a  cement  so  hard  that  it  was  im- 
possible to  dissolve  it  sufficiently  to  analyze  its  sub- 
stance. It  was  a  Roman  palm  (about  three  inches) 
thick,  and  capable  of  resisting  not  alone  the  heat  of 
the  water,  but  the  action  of  any  heat  whatever. 

The  Roman  bath  had  six  principal  apartments: — 

1.  The  Apodyterium,  appropriated  to  undressing, 
had  shelves  all  round,  on  wnicn  to  place  the  clothes, 
and  had  attendants  to  take  charge  of  them. 

2.  The  Frigidarium,  or  cold  bath. 

3.  The  Tepidarium,  situated  between  the  Frigida- 
rium and  the  warm  bath,  and  having  a  medimn  tem- 
perature. 

4.  The  Caldarinm,  heated  by  the  dry  heat  of  a 
stove ;  the  Laconicnm.     Here  the  bathers  sweated. 

5.  The  Balneum,  or  warm  bath. 

6.  The  Eleothesium  ;  an  apartment  heated  by  the 
Hypocaustum,  or  underground  furnace.  Here  the 
oils  and  perfumes  were  applied. 

A  douche  bath  is  one  in  which  the  water  is  driven 
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or  dropped  forcibly  upon  the  person  or  the  part  af- 
fected. 

An  earth  bath  is  one  in  which  the  patient  is  cov- 
ered with  wann  sand. 

The  names  of  other  baths  are  sufficiently  descrip- 
tive without  detailed  description  under  this  general 
head. 


Air-bath. 

Electro-galvanic  bath. 
Medicated  bath. 
Mercurial  bath. 
Russian  bath. 


Shower-bath. 
Sitz-bath. 
Steam-bath. 
Turkish  bath. 
Vapor-bath. 


{Photography,)  A  solution  in  which  plates  or 
papers  are  immersed  or  floated  ;  or  the  vessel  holding 
flaid  solution.  Baths  are  known  as  sensitizing  (the 
nitrate  of  silver  bath),  fixing,  toning,  or  toashing. 
They  are  of  various  forms,  horizontal  or  vertical; 
the  materials  are  glass,  porcelain,  or  hard  rubber. 

Bath-bziok.  A  fine  silicious  material,  found  in 
the  vicinity  of  Bath,  England,  compacted  into  the 
form  of  bricks,  and  used  as  an  abradant. 

Bath-chair.  {Vehicle.)  A  small  hand-carriage 
with  a  hood.  So  called  from  the  city  of  Bath,  Eng- 
land, whose  mineral  waters  are  much  freauented  by 
invalids,  and  where  the  vehicle  seems  to  nave  origi- 
nated. For  the  legends  of  Bath,  see  Pickwick  and 
the  History  of  Prince  Bladud. 

Bath-for'jiaoe.  A  furnace  for  heating  the  water 
supplied  to  a  bath. 

Bath-haat'er.  An  apparatus  for  heating  the  wa- 
ter in  a  bath.  It  may  consist  of  a  pipe  which  con- 
nects with  the  upper  and  lower  parts  of  the  bathing- 
tub,  and  has  a  middle  coil  which  traverses  a  furnace. 

Batii'ing-ma-ohina'.  A  portable  room  on  wheels, 
for  the  convenience  of  bathers.  It  is  run  down  into 
the  water,  so  that  the  person  is  not  exposed  on  the 
beach  between  the  untiring-room  and  tne  water. 

Bathing-tub.  A  tub  or  tank  for  bathing  pur- 
poses ;  usually  of  elongated  form,  to  permit  the  bather 
to  assiune  a  recumbent  posture.  The  sitz  or  hip 
bath  is  like  a  deep-seated  chair,  and  the  water  covera 
the  person  from  the  waist  to  the  knees. 

Bath-met'al.  A  brass  for  cheap  jewelry,  com- 
posed of,  brass,  32 ;  zinc,  9. 

Bath-note.  A  folded  writing-paper,  8}  by  14 
inches. 

Ba-thom'e-ter.  {Nautical.)  A  measurer  of  depth. 
A  sounding  apparatus.     The  devices  consist  — 

1.  Of  the  common  deep-sea  lead  and  line. 

2.  Of  devices  for  detacninc  the  sinker  on  reaching 
bottom,  enabling  an  attached  tube  to  be  drawn  up 
^parately,  so  as  to  secure  a  specimen  from  the  bottom. 

3.  Of  a  weight  within  which  a  line  is  coiled  to  avoid 
friction  in  descending. 

4.  Of  a  sphere  or  spheres  containing  mercury,  which 
the  pressure  at  great  depths  forces  into  a  tube  or 
gage  graduated  so  as  to  record  the  depth  attained. 

5.  Of  a  spiral  vane  actuating  a  train  of  clock-work 
which  registera  the  number  of  revolutions  made  by 
the  vane,  and  thus  indicates  the  depth.  See  Sound- 
ing Apparatus. 

Bath-atone.  {Masonry.)  An  English  building- 
stone  of  the  oolitic  formation. 

Bathing.  {Leather  Manufacture.)  The  operation 
of  steeping  hides  and  skins  in  an  alkaline  solution 
consisting  of  the  dung  of  chickens,  pigeons,  dogs,  etc. 

In  this  they  remain  six  or  eight  days,  according  to 
the  temperature  of  the  haie  and  the  thidcness  of 
the  hide. 

The  bating  follows  the  liming  or  unhairins  solu- 
tion, and  the  object  of  the  former  is  to  neutralize  the 
lime  and  render  the  leather  pliable. 

Dog*8  dung  {album  Oroicum)  was  formerly  and  is 


still  applied ;  the  ammonia  probably  being  the  active 
agent. 

Sheep-skins  are  bated  in  bran-water. 

The  bating  forms  a  chemical  combination  with  the 
lime,  the  ammoniacal  chloride  parting  with  its  chlo- 
rine to  form  the  chloride  of  lime,  which  is  readily 
dissolved  in  water. 

MagB&ide,  in  1774,  showed  the  property  pos- 
sessed by  hydrochloric  acid  of  dissolving  the  lime 
in  the  manner  accomplished  by  the  baie, 

TuRNBULL  used  sugar  in  the  proportion  of  four  or 
five  pounds  of  cane-sugar  or  molasses  to  seventy 
gallons  of  water.  This  formed  a  soluble  saccharate 
of  lime. 

Warrington,  1841,  employed  carbonate  of  am- 
monia. 

Ba-tiste'.  {Fabric.)  o.  A  very  fine,  white,  thick 
linen  cloth  or  cambric.  Made  of  a  fine  quality  of 
white  flax  grown  in  the  South  of  France,  and  called 
ranU.     (Not  the  ramie.) 

b.  An  East  India  goods  of  similar  quality. 

Bat-print'ing.  {Porcelain.)  One  mode  o( porce- 
lain printing  ;  the  other  is  termed  Press-printing 
(which  see).  The  fonner  is  printed  on  glared  ware, 
the  latter  on  the  biscuit. 

In  bat-printing  the  lines  of  the  engraving  are  fine, 
and  the  impression  is  taken  in  linseed-oil  on  a  thin 
slab  of  gelatine  cut  to  the  size.  The  oil  having  been 
transferred  to  the  glazed  ware  by  pressing  the  gela- 
tine against  it,  is  next  dusted  with  the  metallic  color 
by  means  of  cotton-wool.  The  color  is  melted  and 
fixed  in  an  enamel-kiln. 

Bafa-wing  Bom'er.  ,{Oas.)  A  form  of  gas- 
buiTier  in  which  gas  issues  at  a  slit  so  proportioned 
as  to  give  to  the  ifame  the  shape  of  a  bat's  wing. 

Batt  The  hat-maker's  term  for  the  basis  of  the 
skin,  or  bowed  materials  of  a  hat.     Bat. 

Batten.  A  strip  of  wood  or  a  scantling,  as  may 
be  required,  for  various  purposes. 

1.  {Carpentry.)  a.  A  cleat  or  bar  nailed  trans- 
versely on  a  structure  of  jointed  planks,  such  as  a 
door  or  shutter,  to  prevent  warping  and  preserve  the 
relative  position  of  the  parts. 

A  batten  door  is  formed  of  planks  laid  side  by  side, 
and  secured  together  by  slats  fastened  across  them, 
without  exterior  framing. 

b.  A  board  2  to  7  inches  wide,  and  from  g  to  2 
inches  thick.     (English  practiice.) 

e.  In  furring,  scantling  secured  to  brick  walls  to 
form  a  foundation  on  which  plastering  lath  is  laid. 

d,  A  strip  nailed  to  ;the  rafters,  to  which  slats 
are  nailed. 

2.  {Plastering.)  A  batten  is  placed  at  exposed 
eomers  so  as  to  be  flush  with  the  worked  surface  of 
plaster,  and  resist  abrasion  or  blows.  Called  also  an 
angle-siaff. 

8.  (Cotton.)    A  web  or  bat  of  fibers. 

4.  {Weaving.)  The  beam  which  forces  up  the 
weft.     Lay  or  lathe. 

6.  {NauiicaZ.)  a.  One  of  the  strips  placed  around 
the  hatches,  to  keep  down  the  tarpaulin  which  covera 
them. 

b.  Strips  tied  around  standing  rigging  to  keep  it 
from  channg. 

Bat'ter.  1.  (Engineering.)  The  backward  slope 
of  a  wall,  to  enable  it  to  withstand  an  outward  thrust, 
as  of  a  bank  which  it  retains.  Petaining  and  breast 
walls  batter  towai'ds  the  bank.     See  Breast- wall. 

2.  (F&rging.)  To  spread  metal  outwardly  by  ham- 
mering on  the  end.  The  impact  upsets  the  bar  or 
rod,  and  extends  it  outwardly. 

8.  (Pottery.)  A  plaster  mallet  used  to  flatten  out 
a  lump  of  clay  which  is  to  be  laid  and  formed  upon 
the  vmirling-iable. 
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The  batting  is  done  upon  a  batting-block  of  wet 
plaster. 

Bat'ter-ing-^un.  (Ordnunce.)  One  of  heavy  cal- 
iber, specifically  adapted  for  demolishing  works. 
Examples :  the  18  and  24  pounder  smooth-bore,  and 
the  4i-inch  rifled  gun  of  the  United  States  service. 

Bat'ter-ing-ram.  An  implement,  used  before  the 
invention  of  gunpowder,  for  making  breaches  in  the 
walls  of  fortified  places.  It  consisted  of  a  long  pole 
or  beam,  with  an  iron  head,  suspended  between  up- 
rights. The  head  sometimes  weighed  a  ton  or  more. 
The  men  who  operated  it  were  protected  by  the  tes- 
tudOf  a  movable  shed  with  a  curved  roof,  adapted  to 
resist  the  stones,  etc.,  thrown  on  it  by  the  besieged. 

This  machine  is  incorrectly  stated  to  have  been 
invented  by  Artemon,  a  Lacedemonian.  It  was  em- 
ployed by  Pericles,  about  441  B.  c.  The  pole  was 
from  80  to  120  feet  lon^,  and  suspended  by  cords  on 
which  it  oscillated,  being  retracted  by  the  united 
efforts  of  a  number  of  men,  who  pulled  the  cords  and 
then  allowed  the  spar  to  swing  forward  and  bring  its 
armed  head  against  the  masonry  of  the  besieged  for- 
tress. Its  effects  were  sought  to  be  avoided  by  low- 
ering down  bags  which  acted  as  fenders  to  deaden 
the  blow,  by  burning  the  framework,  or  by  hurling 
missiles  at  the  operators.  See  descriptions  of  Roman 
military  engines,  and  Josephus. 

Assyrian  antiquities  upset  the  Greek  claim  of  first 
invention.  Battering-rams  are  shown  in  the  sculp- 
tures of  Nimroud.  The  machine  is  worked  from 
within,  upsetting  the  walls  by  dislodging  the  stones. 
The  testiuU)  was  made  of  wicker-work,  and  ran  upon 
six  wheels. 

The  battering-ram  is  mentioned  by  the  prophet 
Ezekiel  (iv.  2  aiid  xxi.  22)  about  590  B.  c. 

Bat'ter-ing  Plumb-rule.  {Engineering.)  An 
instrument  for  leveling  sloping  work.  The  sides  are 
cut  to  the  required  angle  with  the  central  line,  over 
which  the  plummet  hangs. 

Bat'ter-ing-rule.  {Sngineering.)  A  rule  or 
templet  by  which  the  batter  or  slope  of  a  retaining 
or  breast  wall  Is  regulated  in  building. 

Bat^ter-lng-train.  {Ordnance.)  A  train  of  heavy 
ordnance  for  siege  operations. 

Bat^ter-lev'eL  UBn^ineering.)  An  instrument 
for  measuring  the  angle  of  a  slope.    See  Clinometer. 

Baf  ter-y.  A  number  of  objects  or  devices  in  po- 
sition ;  as  of  gunSt  pUUes^  kettles^  etc. 

A  position  or  place  in  which  objects  are  mounted  ; 
as  a  sunken,  barbette,  or  casemate  battery. 


Barbette  battery. 
Battery  foi^e. 
Battery  gun. 
Breeching  battery. 
Bunsen  battery. 
Callaud  battery. 
Carbon  battery. 
Casemate  battery. 
Covei*ed  battery. 
Cross-fire  battery. 
Daniell's  battery. 
Double-fluid  battery. 
Electric  battery. 
Electro-magnetic  battery. 
Elevated  battery. 
En-echarpe  battery. 
Enfilading  battery. 
En-revers  batteiy. 
Field  battery. 
Floatinjif  battery. 
Galvanic  battery. 

Many  of  these  are  described  under  their  alphabet- 
ical heads. 


Grove  battery. 
Gun  battery. 
Half-sunken  battery. 
Hat-maker's  battery. 
Leclanche  battery." 
Leyden  battery. 
Magneto-electric  battery. 
Masked  battery. 
Mountain  batterj'. 
Open  battery. 
Ricochet  battery. 
Siege  battery. 
Single-fluid  battery. 
Smee  battery. 
Stamp  battery. 
Submarine  battery. 
Sugar-kettle  battery. 
Sunken  battenr. 
Thermo-electnc  battery. 
Voltaic  battery. 


1.  {Fortification.)  a.  Barbette  battery ;  the  gyius 
are  elevated  to  fire  over  the  top  of  the  parapet,  and 
not  through  embrasures. 

b.  Breeching  battery ;  one  employed  in  making  a 
practicable  breach  in  an  enemy's  works. 

c.  Blinded  battery  ;  one  masked  or  hidden  till  the 
time  comes  to  make  it  eflective. 

d.  Casemaled  battery ;  one  firing  through  embras- 
ures in  a  bomb-proof  chamber. 

e.  Cavalier  battery ;  one  mounted  on  an  elevated 
interior  work. 

/.  Counter  battery  ;  one  on  the  crest  of  the  glacis, 
to  cover  the  storming  party. 

g.  Direct  battery;  one  firing  perpendicularly  upon 
a  work. 

h.  Enfilading  battery  ;  one  which  flanks  a  work, 
entrenched  line,  or  line  of  attack. 

i.  Fixed  battery  ;  one  permanently  established,  as 
in  a  fortress. 

j.  Floating  battery  ;  one  on  a  raft  or  ship. 

k.  Inclined  battery ;  one  on  a  sloping  ^und. 

I.  Indented  battery ;  one  with  indentations  or  oc- 
casional notches  which  command  the  face. 

m.  Joint  battery  ;  one  of  two  which  form  supports 
to  each  other. 

n.  Leveled  battery ;  one  in  which  the  interior  has 
the  natural  level,  the  parapet  being  gained  by  earth 
from  the  ditch. 

0.  Masked  battery  ;  one  artificially  concealed. 

p.  Oblique  battery  ;  one  to  deliver  an  enfilading  fire. 

g.  Open  battery  ;  one  of  field  artillery. 

r.  Ricochet  battery ;  one  delivering  its  fire  with 
small  charttes,  the  missile  rolling  and  popping  along 
the  ground. 

s.  Sunken  battery;  the  included  space  of  which  is 
excavated. 
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2.  (MetalluTgy.)  A  series  of  stamps  operated  by 
one  motive  power^  for  crushing  ores  containing  the 
precious  metals. 

The  stamps  a  (four  in  the  series  shown)  are  raised 
consecutively  by  the  cams  6  on  the  shaft  c,  to  which 
motion  is  imparted  by  a  belt  on  the  pulley  d.    • 

3.  A  number  of  connected  Leyden  jars,  adapted 
for  coincident  chai:ging  and  discharging.  See  Elec- 
tric Battery. 

4.  An  apparatus  for  generating  galvanic  electri- 
city.   See  Galvanic  Battery. 

6.  A  vessel  with  sides  protected  to  withstand  can- 
lion  projectiles,  and  pierced  for  heavy  guns.  Distin- 
guished from  an^  ordinary  war  vessel  by  its  compara- 
tively imprfect  capacity  for  navigating  in  all  waters 
and  weathers.     A  floating  battery. 

6.  (NauticaL)  The  guns  mounted  on  each  deck 
of  a  ship  of  war ;  as  the  main-deck,  lower-deck,  and 
spar-deck  batteries. 

Baf  ter-y-bniah.  A  small  brush,  shaped  like  a 
hair-brush,  used  for  cleaning  or  bruahing  off  oxides 
formed  on  zinc,  and  for  evenly  distributing  the  mer- 
curv  or  amalgam  over  the  zinc. 

Bafter-y  Com'mu-ta'tor.  (Telegraphy.)  An 
apparatus  by  which  the  strength  of  a  current  may 
be  altered,  so  that  one  third,  two  thirds,  or  the 
whole  of  the  elements  may  be  brought  into  service 
by  changing  the  place  of  a  contact-peg.  See  Sabine, 
p.  104. 

Bat'ter-y-forge.  A  traveling  foi^  which  ac- 
•  companies  a  field  battery.  The  body  is  constructed 
like  that  of  a  caisson,  except  that  in  place  of  the 
two  ammunition-chests  it  has  a  bcllows-horuse  a.   This 

Fig.  697. 


Battery-Forge. 

contains  the  bellows,  and  has  a  space  partitioned  off 
for  iron  and  steel.  In  the  rear  is  a  oox  b,  to  hold 
250  pounds  of  bituminous  coal,  and  in  front  is  the 
fireplace  c,  upon  which  the  anvil  is  placed  in  trav- 
eling. An  upright  plate  of  strong  sheet-iron  is  inter- 
posed between  the  fireplace  and  the  front  of  the 
bellows-house.  In  the  limber-chest  are  contained  a 
set  of  blacksmith's  and  farrier's  tools  packed  in  four 
boxes  (for  field  batteries).  In  the  United  States  ser- 
vice battery-forges  are  divided  into  two  classes,  A 
and  B.  One  or  the  former  accompanies  each  field 
battery,  and  contains  a  forge  as  well  as  the  black- 
smith's and  farrier's  tools,  iron  and  steel,  horseshoes, 
and  spare  parts  necessary  for  making  the  more  ordi- 
nary repairs  to  the  iron-work  of  the  battery. 

Foi^e  B,  which  is  precisely  aliljie  in  size  and  con- 
struction, contains  nearly  the  same  tools  and  stores 
as  forge  A,  but  has,  in  addition,  certain  articles  and 
spare  parts  which  are  less  likely  to  become  broken 
or  worn  out  in  service.  It  remains  in  the  rear  with 
the  field  and  siege  train. 

Bat'ter-y-gun.  A  gun  ha\in^  a  capacity  for 
firing  a  number  of  shots  consecutively  or  simulta- 


neously, without  stopping  to  reload.     There  are  a 
number  of  varieties. 

1.  A  piece  of  ordnance  having  a  number  of  load- 
chambers  attached  to  a  vertical  axis,  and  consecu- 
tively presented  at  the  rear  of  a  cannon-bore.  As 
each  takes  its  place  at  the  breech,  it  is  advanced  into 
the  bore  and  locked  before  firing.  (Hardy,  1862 ; 
Dodge,  1856.) 

2.  A  chambered  breech-piece,  revolving  in  a  verti- 
cal plane,  %nd  presenting  its  chambers  consecutively 
at  the  open  rear  of  the  barrel,  which  is  common  to 
all  the  cnambers.  The  principle  of  construction  is 
that  of  the  revolving  chambered  pistol.  (Hedrick, 
1870.)  See  also  Fire-arms,  where  Puckle's  Revolv- 
ing Battery  Gun,  English  Patent,  1718,  is  described 
and  figurea. 

3.  A  number  of  parallel  barrels  arranged  in  rank, 
and  having  connected  vents  for  intercommunication 
of  fire.  (TowNSEND,  1871.)  The  infemal  machine 
of  Fieschi,  which  he  fired  on  Louis  Philippe,  was  a 
row  of  barrels  clinched  to  a  frame,  and  had  a  train 
of  powder  which  was  laid  over  all  the  vents  in  suc- 
cession, like  the  row  of  barrels  in  a  proving-house. 

The  Reqna  battery  consists  of  25  rifles,  each  24 
inches  long,  mounted  in  a  horizontal  plane  upon  a 
field-carriage.  It  is  breech-loading,  the  cartri^es 
being  forced  into  the  chambers  by  a  sliding  bar 
worked  by  two  levers.  By  a  lever  beneatn  the 
frame  the  barrels  may  be  diverged,  so  as  to  scatter 
the  balls  120  yards  in  a  distance  of  1,000  yards. 

The  weight  of  the  battery-gun  used  at  Charleston, 
S.  C,  was  1,882  pounds.  Served  by  three  men,  it 
fired  7  volleys,  or  175  shots,  per  minute.  Its  effective 
range  was  1,300  yards. 

4.  Forms  of  manjr-barreled  cannon,  revolving  on  a 
vertical  axis,  the  pieces  being  muzzle-loaded.  (Mil- 
burn,  1866.     Divergent,  Natcher,  1864. ) 

5.  A  cluster  of  rotating  barrels,  consecutively 
loaded  and  fired  b^  automatic  action.  (Gatling, 
1861  -65.)  This  will  have  a  longer  description  pres- 
ently. 

6.  A  cluster  of  barrels,  in  whose  rear  is  placed  a 
chambered  plate,  each  of  whose  chambers  corresponds 
to  one  of  the  cluster  of  barrels,  against  whose  rear  it 
is  locked  before  firing.  The  Mitrailleur  (which 
see). 

7.  A  number  of  chambered  blocks  brought  con- 
secutively to  the  positions  for  loading,  and  then  for 
firing,  through  a  group  of  ban-els  equal  in  number 
to  the  number  of  chambers.     (Taylor,  1871.) 

The  Gatling  gun  has  a  revolving  cluster  of  paral- 
lel barrels.  In  the  rear  of  each  barrel,  and  rotating 
therewith,  is  its  own  loading,  firing,  and  spent-car- 
tridge-shell-retracting mechanism.  All  these  parts 
are  rigidly  secured  upon  an  axial  shaft,  which  is  re- 
volved by  means  ofbevel  gearing  and  a  crank,  as 
shown  in  Fig.  59S,  and  also  in  Fig.  599,  which  are 
respectively  rear  and  front  views  of  the  gun  mounted. 
In  the  rear  of  the  cluster  of  barrels  6  is  a  stationary 
cylinder  a,  within  which  are  the  loading  plungers, 
the  firing-pin,  and  the  cartridge-retractor. 
•  Each  of  these  parts  moves  horizontally  and  in  line 
with  the  barrel  to  which  it  appertains,  the  motion 
being  attained  by  the  pressure  of  lugs  on  the  moving 
mechanism  against  stationary  cam-rings  in  the  cyl- 
inder as  the  cluster  of  parts  revolves.  The  ammuni- 
tion is  fed  in  at  the  hop[)er  g  ;  or,  as  in  an  improved 
form  shown  in  the  full-pa^  engraving  opposite  to 
page  250,  the  ammunition  is  containea  in  a  feed- 
drum  which  is  placed  above  the  hopper,  and  deliv- 
ers its  cartridges  one  at  a  time  from  its  successive 
rows.  Its  capacity  is  four  hundred  cartridges,  and 
these  may  all  oe  fired  in  one  minute. 

As  the  cluster  of  barrels  revolves,  the  operative 
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mechanism  in  the  rear  of  each  barrel  comes  under  the  I  Arcangement  is  made  for  horizontal  adjustment  to 

influence  of  the  cam-rings  in  the  interior  of  the  cylin-  I  deliver  a  sweeping  fire. 

der.     The  loading-rod  of  a  given 

barrel  being  in  the  most  retracted  Fig.  £08. 
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shank  runs  parallel  with  the  loader-rod,  and  with- 
draws the  emptv  shell  of  the  cartridge,  which  drops 
out  of  the  machine.  The  baiTel  then  takes  its  turn 
again  above,  and  so  the  work  proceeds. 

e  IB  the  working-crank,  e  the  elevating-screw,  d 
the  trail,  k  the  loop  by  which  the  trail  is  attached 
to  the  limber,  ^  t  are  the  back  and  front  sights,  / 
the  cheeks  of  the  carriage.  In  the  view  on  the  oppo- 
site page  the  Gatling  gun  is  represented  as  adapted 
to  various  services :  mounted  on  tripod,  on  carnage, 
on  horse,  on  camel.  The  weight  of  the  guns  is  125, 
800,  500,  600  pounds,  according  to  size.  The  firing 
is  always  one  shot  at  a  time,  and  a  number  of  shots 

flff.69e. 


Batfter-y-haad.  (Railroad  Engineering, )  The 
end  of  an  embankment  under  formation,  over  which 
the  contents  of  the  gravel-wagons  are  dumped. 

Bat'ter-y-Tvag'on.  A  four-wheeled  vehicle,  ex- 
pressly adapted  for  the  purpose  of  transporting  the 
tools  and  spare  parts  required  for  the  repairs  of  a 
battery  of  artillery  in  the  field  ;  one  is  attached  to 
each  battery. 

It  has  a  body  98.8  inches  long  and  3  feet  wide  in 
the  clear,  and  an  arched  wooden  top,  turning  over 
on  hinges  like  a  trunk-lid.  At  its  rear  is  a  rack  for 
forage.   The  wagon-body  and  the  limber-chests  cany 

ng.dOO. 


Oatling  Gun  (F)ront  Vinp.) 


casualties  most  likely  to  occur  to  the  wood-work  and 

harness  of  the  battel^. 

Battery-wagon  D  is  precisely  similar  in  construe- 
eaual  to  the  number  of  barrels  at  each  revolution  I  tion,  but  contains  a  different  set  of  stores  and  tools, 
of  the  crank.     The  recoil  is  practically  nothing.  |  such  as  armorer's  tools  and  laboratory  implements. 
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as  well  as  such  spare  parts  of  gun-carriages  as  are 
less  likely  to  require  replacement. 

It  remains  with  the  vehicles  of  the  field-train,  and 
is  only  resorted  to  when  the  means  atforded  by  wagon 
C  are  inadequate  for  the  necessary  repairs. 

Bat'ting-blook.  {Pottery.)  A  block  of  wet  plas- 
ter on  which  a  dab  of  clay  is  flattened  out  by  a  battery 
to  prepare  it  for  being  placed  on  the  whirlhigrtahle, 
where  it  is  formed  by  a  mold  and  templet  into  a 
piece  of  circulai*  ware. 

Bat'ting-ma-chine'.  {Fiber.)  A  machine  in 
which  cotton  partially  loosened  and  cleaned  by  the 
willaunng-machine  (which  see)  is' sciUched,  bloum, 
and  lapped  so  as  to  fit  it  for  presentation  in  a 
soft,  downy,  and  even  wad  to  the  carding-ma- 
chine. 

As  a  preliminary  process,  the  cotton  is  carefully 
weighed,  a  given  quantity  being  distributed  on  a 
certain  surface  of  the  slatted  feed-apron,  which  has 


occasional  black  slats  in  order  to  mark  certain  areas. 
The  cotton,  being  spread  evenly  over  the  given  area, 
passes  into  the  tliroat  of  the  machine  under  the  com- 
pressing-roller  d,  and  then  between  the  feed-rollers 
b,  which  are  pressed  together  by  a  weight  acting 
upon  a  lever  c,  which  acts  upon  the  brasses  above 
the  rollers.  Passing  the  fluted  cylindere  6,  the  cot- 
ton is  immediately  exposed  to  the  first  scutching- 
beater,  which  consists  of  two  flat  bars  e  e  fixed  at 
right  angles  upon  a  revolving  shaft,  so  as  to  strike 
upon  the  cotton  as  it  issues  from  between  the  feed- 
rollers.  The  scutcher  makes  2,000  revolutions  per 
minute  in  near  proximity  to  the  grated  concave  (7, 
through  which  dirt  escapes.  The  cotton  is  wafted 
on  to  a  traversing  slatted  apron  Z>,  which  revolves 
on  the  rollers /gr,  passing  beneath  a  revolving  cage- 
cylinder  E,  inclosed  by  the  cover  h^  in  the  top  of 
which  is  a  dust-duct  i,  in  communication  with  a  re- 
volving fan,  which  exhausts  the  air  from  the  interior 


Fig.  601. 
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of  the  machine,  and  therewith  withdraws  the  dust. 
The  reticulated  cylinder  E  allows  the  air  and  dust 
to  pass, but  retains  the  cotton  fiber,  which  is  pressed 
into  a  bai  upon  the  apron  i>,  and  delivered  to  a  sec- 
ond pair  of  feed-rollers  I,  when  it  is  again  exposed 
to  a  scutcher  F,  which  acts  similarly  to  the  one  be- 
fore described.  This  scutcher  has  2, 200  revolutions 
per  minute,  and  delivers  the  cotton  to  an  apron  (?, 
which  carries  it  beneath  another  reticulated,  dust- 
withdrawing  cylinder  in  communication  with  the 
air-exhaust  duct  m. 

The  cotton  thence  passes  in  a  fleecy  mass  to  the 
pressure-rollers  o  ;;,  which  deliver  the  compressed 
fleece  to  the  cylinder  whose  axis  is  loaded  by  sus- 
pended weights  Z,  which  bear  it  down  upon  the 
carrying-rollers  K  JT,  whereby  the  fleece  is  condensed 
as  it  is  wound.  As  the  lap-cylinder  /  increases  in 
diameter,  the  links  rise,  carrying  the  weights  X,  and 
when  the  lap  has  attained  the  reqiiired  size,  the  main 
portion  of  the  machine  is  thro^-n  out  of  gear,  while 
the  twin  rollers  p  p  continue  to  revolve,  and  thus 
tear  the  bat  apart  in  the  middle  between  the  pairs 
of  rollers  o  p.  The  attendant  then  removes  the  lap, 
hooks  up  the  weighting  device,  places  another  lap- 
cylinder  in  position,  starts  the  machinery,  restores 
the  action  of  the  weight,  and  ^ides  the  advanced 
edge  of  the  bat  around  the  cylinder.  See  Cotton- 
cleaner. 

Baf tlngHitaft  An  implement  used  by  laun- 
dresses for  beating  linen  in  washing. 

Baf ti-tu'ra.  The  scales  which  fly  off  from  met- 
als while  under  the  hammer. 


Bat'tle-axe.  This  military  weapon  is  of  very 
remote  antiquity,  being  made  of  stone  before  the 
discovery  of  metals.  (See  Axe.)  It  was  used  by  the 
Sacffi,  wno  formed  a  part  of  the  forces  of  Xerxes. 

Fig.  602. 
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Brennus,  the  Gallic  king,  who  captured  Rome,  was 
armed  with  a  battle-axe,  and  in  remote  ages  it  ap- 
pears to  have  been  considered  peculiarly  as  the 
weapon  of  an  uncivilized  people.  It  was,  however, 
extensively  .employed  dunn^  the  Middle  Ages,  and 
was  in  use  as  late  as  the  sixteenth  century,  when 
attempts  were  made  to  improve  it  by  attaching  a 
pistol  to  tlie  handle. 

a,  battle-axe  from  Dr.  Abbott's  collection  of 
Egyptian  antiquities  in  New  York ;  made  of  bronze, 
firmly  bound  to  its  original  handle  by  means  of  slen- 
der interlaced  thongs  of  leather.  It  was  found  at 
Thebes. 

The  other  figures  represent  battle-axes,  more  or 
less  rude,  of  the  times  known  as  the  ''Roman  pe- 
riod "  and  the  **  Middle  Ages." 

Bat'tle-dora.  1.  (Glass-makirig.)  A  flat  wooden 
paddle,  used  in  flatting  glass  while  still  plastic,  as 
in  making  the  flat  bottoms  of  decanters,  etc. 

2.  An  instrument  of  play,  having  a  handle  and  a 
flat  surface,  or  palm,  formed  of  a  hoop,  and  stretched 
parchment  covers.  It  is  used  in  playing  shuttle- 
cock. 

Bat'tla-ment.  (Architecture,)  An  open  or  in- 
terrupted parapet  on  the  roof  of  a  building.  A  para- 
pet with  embrasures. 

Baoge.  {Fabric.)  A  French  fabric  made  with 
thread  spun  upon  coarse  wool. 

Bav*!!!.  A  fagot  of  brushwood,  sometimes  used 
as  a  fascine. 

BaTKr'aiii.  Leather  made  from  sheep-skin.  (Fr. 
basane.) 

Bay.  1.  (Architecture.)  One  of  the  lights  or 
compartments  between  mtdlion  and  mullion  in  the 
great  windows  of  the  pointed  style. 

2.  (Carpentry.)  A  portion  of  a  compound  or  framed 
floor  included  between  two  girders,  or  a  girder  and 
the  wall. 

a,  A  case-bay  is  between  two  girders. 

b,  A  tail-bay  is  formed  of  common  joists,  where 
one  end  of  each  is  framed  into  a  girder  and  the  other 
rests  on  a  wall. 

e.  A  portion  of  a  wall  included  between  pilasters 
or  buttresses,  or  of  a  ceiling  between  the  beams  of 
the  panels. 

3.  The  term  is  also  used  in  a  compound  form  :  — 

a.  A  bay  of  plastering  ;  between  two  screeds  which 
reffulate  the  working  of  the  float. 

0.  A  bay  of  roofing;  the  small  rafters  and  their 
supporting  purlins  between  two  principal  rafters. 

c,  A  bay  of  joists  ;  the  joists  between  two  binding- 
joists,  or  between  two  girders  in  a  framed  floor. 

Hay-bay  in  a  bam  ;  a  sick-bay  on  shipboard. 

4.  (Sh^p.)  That  part  on  each  side  between  decks 
of  a  man-of-war  wjiich  lies  forward  of  the  butts. 

5.  (Bridging.)    The  portion  between  two  piers. 

6.  (Mining.)  The  space  between  two  frames  in  a 
gallery. 

7.  (Hydraulic  Engineering.)  a.  The  head  of  a 
lock. 

b.  A  compartment  containing  water  for  a  wheel, 
as  Afore-bay. 

Bay-bolt.    One  with  a  barbed  shank. 

Bay'o-net.  A  piercing  weapon,  fixable  on  the 
muzzle-end  of  a  fire-arm.  They  were  originally  made 
at  Bayonne,  in  France,  in  the  latter  half  of  the  seven- 
teenth century,  and  used  by  that  nation  in  the 
Netherlands  in  1647.  The  wea{K)n  was  introduced 
into  the  English  army  in  1672,  and  used  at  KUlie- 
crankie,  in  Perthshire,  where  the  forces  of  William 
of  Orange,  commanded  by  Mackay,  were  defeated  by 
those  of  James  II.,  under  the  command  of  Graham, 
of  Claverhouse,  1689  ;  and  also  at  the  battle  of  Mar- 
saglia,  1693,  *'  with  great  success  against  the  enemy, 


unprepared  for  the  encounter  with  so  formidable  a 
novelty;" 

The  first  known  bayonet  was  a  kind  of  long  and 
slender  rapier,  with  a  wooden  handle,  or  plug,  which 
was  inserted  into  tho^muzzle  of  the  musket.  Previ- 
ous to  this  it  had  been  customary  to  distribute  mus- 
keteers among  the  pikemen,  the  two  mutually  sup- 
porting and  assisting  each  other.  The  above-named 
arrangement  for  fixing  the  bayonet  does  not  seem 
to  have  prevailed  long,  and  was  soon  superseded  by 
a  slotted  socket  on  the  lower  part  of  the  bayonet, 
which  slipped  oyer  the  muzzle  of  the  musket  and 
was  held  in  position  by  a  stud  on  the  barrel.  The 
ring-bayonet  was  introduced  in  1693,  and  the  socket- 
bayonet  in  1703.  This  form  continued  in  use  for 
about  150  years,  an  annular  clasp  and  screw  being 
added  about  1842  in  the  United  States  service. 

The  "sword  "  bayonet  h  seems  to  be  of  very  recent 
origin,  having  been  first  recognized  in  the  United 


^ 


Fig.  eoa. 


r^^ 


States  army  in  1856.  Its  urility  as  a  weapon  is  very 
questionable.  It  is  believed  that  this  form  of  bayo- 
net was  first  introduced  in  the  French  service  among 
the  Chasseurs  de  Yincennes,  who  used  it  in  Algiers, 
in  the  Crimean  campaign  of  1854  -  55,  and  the  Ital- 
ian war  of  1859. 

It  is  secured  to  the  rifle  by  a  ring  in  the  guard  and 
a  spring-catch  in  the  hilt. 

The  saw-bayonet,  having  a  sword  edge  and  a  saw 
back,  is  now  being  tested  for  the  British  arms.  The 
spade-bayonet  has  also  its  advocates,  it  being  intended 
to  enable  the  soldier  to  intrench  his  position.  The 
tendency  seems  to  be  to  beat  their  spears  into  trow- 
els and  their  swords  into  pnining-saws,  but  the  peace- 
able intention  is  not  apparent.  See  Intrenchiko 
Tools. 

The  bayonet-blade  is  forged  under  a  trip-hammer, 
after  which  it  is  rolled  to  a  proper  form  oy  sets  of 
rollers  adjusted  to  give  it  tne  required  shape  and 
taper.  The  socket  is  then  foi-ged,  and  the  two  por- 
tions welded  together.  It  is  next  twice  swaged  by 
the  "drop,"  then  ground  and  polished  ;  the  former 
on  a  stone,  and  the  latter  on  wheels  bound  with 
leather  and  covered  with  emery.  The  bayonet  is 
rigidly  gaged,  and  then  tested  by  weight  and  by  blow 
to  determme  its  soundness  and  temper. 

Bay'o-net-olasp.  A  movable  ring  of  metal  sur- 
rounding the  socket  of  a  bayonet,  in  order  to  strengthen 
the  socket  and  render  the  bayonet  less  easily  detach- 
able. 

Bay'o-net-joint.  A  peculiar  form  of  coupling, 
in  which  one  circular  piece,  having  a  slot  longitudi- 
nal for  part  of  its  length  and  transverse  the  remain- 
der, is  sleeved  over  another.  The  interior  piece  is 
provided  with  a  s*ud  which  enters  the  slot,  and,  by 
turning,  the  two  parts  become  locked  so  as  to  pre- 
vent withdrawal  by  a  longitudinal  movement. 

Bay'o-net  Scab'bard.  The  sheath  in  which  the 
bayonet  is  placed.  It  has  a  loop  at  its  upper  part, 
called  the /ro^,  through  which  the  waist-belt  peases. 

Bay-ataU.  (Building.)  A  fixed  seat  within  a 
wind6w-opening. 

Bay-wla'dcw.  (Building.)  A  bow-window ; 
one  projecting  from  the  general  surface  of  the  house. 
It  is  usually  of  semi -polygonal  shape,  sometimes 
semicircular  or  semi-elliptical. 
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Fig.  604. 


Bay-Window. 

Bdel-lom'e-ter.  A  cupping-glass  to  which  are 
attached  an  exhausting  syringe  and  a  scarificator. 

Bea'oon.  A  structure  erected  for  the  purpose  of 
assisting  navigation  by  pointing  out  those  dangers 
which,  owing  to  the  difficulty  ana  expense  that  would 
attend  the  placing  of  more  efficient  marks  to  serve 
by  night  as  well  as  by  day,  are  necessarily  left  with- 
out lights,  or  which,  from  the  peculiarity  of  their 
position  in  passages  too  intricate  for  navigation  by 
night,  are  considered  sufficiently  indicated  by  day- 
marks  alone.  They  are  generally  placed  on  rocks  or 
banks  only  which  are  dry  at  some  period  of  the  tide. 
On  rocks  in  exposed  situations  beacons  are  sometimes 
of  squared  masonry,  firmly  joggled  together ;  but  in 
situations  difficult  of  access,  and  where  an  uncom- 
pleted structure  of  masonry  could  not  be  safely  left 
exposed  to  the  storms  of  winter,  an  open  framework 
of  iron,  firmly  trussed,  braced,  and  secured  to  the 
rock,  is  preferable.  In  less  exposed  situations,  where 
the  bottom  is  of  rock,  gravel,  or  hard  sand,  a  conical 
beacon,  composed  of  iron  plates  and  partially  filled 
with  concrete,  is  sometimes  employed. 

In  a  comprehensive  sense,  a  lighthouse  is  a  beacon  : 
but  the  term  technically  refers  to  day  marks,  or  to 
night  marks  where  cressets  are  employed. 

A  sonorifie  beacon^  so  called,  is  one  provided  with 
an  apparatus  for  sounding  an  alarm.     See  Foo- 

ALARM. 

Bead.  1.  {Oarpeniry.)  A  small  salient  molding 
of  semicircular  section. 

a.  Cock-bead. 

b.  Quirk-bead. 

c.  Bead-butt. 

d.  Bead-flush. 

e.  DoubU'quirked  bead. 

A  small  globular  ornament,  often  oc- 
curring in  a  long  series,  forming  a  band 
or  molding. 

The  strip  on  a  sash-frame  which  forms 
'a  guide  for  the  sash.     The  beads  are 
known  as  the  insidCf  outside,  and  part- 
i*^  ing  beads. 

2.  {Bookbinding.)  A  roll  on  the  head- 
,    band  of  a  book. 

3.  The  proof  of  spirit,  consisting  in 
the  appearance  of  the  rising  bubbles. 

4.  A  perforated  piece  of  glass,  metal, 
or  other  material,  adapted  to  be  strung 

in  a  series,  and  used  for  the  purpose  of  ornament  or 
in  devotion.  This  latter  use  came  from  Asia  to  Eu- 
rope, and  from  the  latter  to  Amerioa. 

Glass  beads  originated  with  the  Egyptians,  —  at 
least,  such  are  the  indications.  One,  in  the  posses- 
sion of  Captain  Henvey,  has  a  hieroglyphic  inscrip- 
tion which  shows  its  date  to  be  about  1500  B.  c. 
Glass  bugles  and  beads  for  necklaces  were  much  used 
by  the  ^^yptians,  and  for  a  sort  of  network  in  the 
mummy  -wrappings. 

Beads  strung  in  chaplets  have  long  been  in  use  for 
devotional  purposes  among  Eastern  nations,  and  are 
worn  by  the  Chinese  and  Tartar  Buddhists,  as  well 
as  by  the  Turks  and  other  Mohammedan  nations. 


Bead*. 


The  Chinese  rosary  is  composed  of  108  beads  of  stones 
and  coral,  which  are  sometimes  as  large  as  pigeon's 
eggs.  The  use  of  beads  in  the  Christian  Church  is 
oT  great  antiquity.  St.  Augustine  mentions  them 
A.  D.  866.  Peter  the  Hermit  had  a  series  of  55 
beads.  Dominic  de  Guzlnan,  A.  D.  1202,  intro- 
duced the  rosary  of  15  lai^e  and  150  small  beads. 
Beads  were  used  by  the  Druids  in  the  time  of 
Csesar. 

Beads  are  made  of  a  great  variety  of  materials : 
gold,  diamond,  amber,  pearl,  coral,  jet,  garnet,  crys- 
tal, steel,  paste,  wood,  glass,  etc.,  much  the  greater 
proportion,  however,  being  of  the  latter  material. 
The  manufacture  is  extensively  carried  on  at  differ- 
ent places  in  Europe,  that  of  each  place  being  char- 
acterized by  some  peculiarity  in  the  style  or  manner 
of  manufacture.  Immense  numbers  are  made  at 
Birmingham,  certain  varieties  of  which  are  sold  by 
thousands  of  dozens  as  dolls*  eyes. 

At  Murano,  near  Venice,  where  great  numbers  are 
made,  tubes  of  glass  of  various  colors  are  drawn  out 
to  a  great  length  and  cut  into  very  small  pieces  of 
uniform  length,  which  are  then  put  in  a  heap  with 
a  mixture  oi  sand  and  wood  ashes,  and  stirred  with 
a  spatula  until  the  cavities  become  filled.  The  mix- 
ture is  then  transferred  to  an  iron  pan  suspended 
over  a  moderate  fire,  and  stirred  until  the  cylindri- 
cal bits  of  glass  assume  a  smooth  rounded  form.  (See 
Bead-furnace.)  When  removed  from  the  fire,  and 
their  bores  cleaned  out,  they  constitute  beads. 

A  very  beautiful  and  costly  sort  of  beads  are  made 
in  imitation  of  pearls,  from  which  the  best  qualities 
differ  so  slightly  in  appearance  as  to  require  an  ex- 
pert to  detect  the  aifference.  The  bead  is  blown 
into  a  thin  bulb,  and  the  pearly  appearance  produced 
by  pouring  into  it  a  mixture  of  liquid  ammonia  mixed 
witn  the  white  matter  from  the  scales  of  certain  kinds 
of  fish,  as  the  bleak.  The  pearl  matter  is  prejiared 
by  removing  the  scales  from  the  lower  part  of  the 
fish,  washing  them,  and  soaking  them  in  water  until 
the  pearly  film  falls  off  and.  forms  a  sediment  in  the 
bottom  of  the  vessel ;  this  is  dissolved  in  liquid  am- 
monia and  injected  into  the  beads,  so  as  to  form  a 
thin  coating  inside ;  after  which  the  better  kinds 
have  melted  white  wax  poured  in,  rendering  them 
much  more  durable.  Artificial  pearls  were  invented 
by  a  Frenchman  named  Jaquin,  m  the  time  of  Cath- 
erine de  Medicis,  and  are  principally  manufactured 
in  the  department  of  the  Seine,  where  great  improve-  • 
,  ments  have  been  made  in  the  art ;  such  as  giving 
irregular  forms  to  the  large  bulbs,  to  increase  their 
resemblance  to  pearls,  and  exposing  them  for  a  short 
time  to  the  vapor  of  hydrofluoric  acid,  so  as  to  re- 
move the  glassy  appearance  of  the  exterior  coating. 
Mucilage  of  gum-arabic  is  also  used  instead  of  wax, 
which  increases  the  translucency,  and  is  not  liable  to 
be  melted  by  heat. 

Beads  of  agate,  camelian,  and  allied  stones  are 
made  in  British  India  by  breaking  the  stones  into 
pieces  of  the  required  size,  and  chopping  them  with 
a  hammer  until  rounded.  They  are  then  fixed  in 
wooden  clams,  and  partially  polished  by  rubbing  on 
a  coarse,  hard  stone,  after  which  they  are  similarly 
treated  by  being  rubbed  on  a  board  covered  with 
emery  and  lac.  The  polishing  process  is  completed 
by  placing  a  laYge  number  of  them  in  a  leathern  bag 
partially  filled  with  emery -dust  and  a  fine  powder 
aerived  from  the  stones  themselves  in  drilling,  and 
rolling  the  bag  backwards  and  forwards  for  some  ten 
or  fifteen  days  bj'  means  of  a  thong  passing  around  it 
and  operated  by  two  men  seated  at  tne  opposite  sides 
of  a  room.  The  holes  are  afterward  drilled  with  a 
steel  drill  tipped  with  diamond  dust. 

Bead  and  Butt  ( Carpentry. )  Framing  in  which 
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the  panels  are  flush,  having  beads  stuck  or  run  upon 
the  two  edges.     See  c,  Fig.  605. 

Bead  and  Quirk.  A  bead  stuck  on  the  edge  of 
a  piece  of  stuff  flush  with  its  surface.     See  6,  Fig.  605. 

Bead-butt  and  Square-work.  {CarjmUry.) 
Framing  with  bead  and  "butt  on  one  side  and  square 
on  the  other ;  used  in  doors. 

Bead'ed  "Wire.  An  ornamental  wire  having 
globular  enlargements  at  regular  intervals. 

Bead'ed-work  Lathe.  See  Milled  Work  ; 
Gage-lathe. 

Bead-fur'naca  (Glass.)  A  funiace  in  which 
glass  beads  are  rounded  after  the  cylinders  have 
been  cut  to  the  proper  lengths.  The  back  of  the 
furnace  B  has  a  step,  into  which  the  point  of  the 
axis  t  of  the  drum  AT,  in  which  the  beads  are  placed, 

Fig.  606. 


3.  {Carpentry,)  The  crooked  end  of  the  holdfast 
of  a  carpenter's  bench. 

4.  {Forging,)  a.  The  point  of  an  anvil.  The 
Jurm.     The  heak-iron  or  btck-iron  is  all  beak. 

b.  A  toe-clip  or  a  Jiorse's  shoe  turned  up  against 
the  hoof. 

5.  {JVatUical.)  a.  A  i-am,  pike,  or  rostrum  on  the 
stem  of  a  vessel  to  run  down  an  opponent. 

b.  The  part  of  a  ship  forward  of  the  stem  and  sup- 
porting the  figure-head. 

6.  {Chemical.)  The  rostrum  of  an  alembic  whicli 
conducts  the  vapor  to  the  worm. 

7.  One  of  the  jaws  of  a  forceps  or  pliers,  named 
after  some  real  or  fancied  resemblance  to  the  pro- 
truding facial  organ  ;  as,  — 


ffawk's'bill  forceps. 
Narrow-beak  forceps. 
Long-nose  pliers. 


Hound-nose  pliers. 
Cran£*s-bUl  forceps. 
Crow's-bill  forceps. 


8.  {Gas-Filling.)  A  gas-burner  with  one  round, 
smooth  hole  ^  of  an  inch  in  diameter. 

Beak'er.  {Glass.)  An  open-mouthed  thin  slass 
vessel,  having  a  projecting  lip  for  pouring ;  used  for 
containing  solutions  requiring  heat,  etc.  Beaker- 
glass. 

Beak'-head  Beam.  {Shipbuilding.)  The  lon- 
gest beam  in  a  ship. 

Beak'ing-joint.  The  joint  formed  by  the  meet- 
ing of  several  heading-joints  in  one  continued  line, 
which  is  sometimes  the  case  in  floors  and  doors. 

Beak'-i-ron.  1.  {Sheet-iron  Working.)  Beak^ 
Beck,  Bick-iron,  Bickem.     An  anvil  with  a  long 

Fig.  607. 


Bead-Fumaee, 

is  inserted.  This  and  the  hook  I,  suspended  from 
the  upper  projecting  part  N,  serve  as  supports  for 
the  drum  in  its  inclined  position.  The  heat  is  main-, 
tained  at  a  point  sufficient  to  soften,  but  not  to  melt, 
the  beads,  and  the  rounded  form  is  imparted  to  them 
by  rotating  the  drum  by  means  of  the  handle  S. 

Bead-loom.  {fVeaving.)  A  gauze-loom  in  which 
beads  are  strung  upon  the  threads,  the  intersections 
of  the  threads  b«ing  occupied  by  the  beads. 

Bead-plane.  {Carpentry.)  A  molding-plane  of 
a  semi-cylindric  contour,  generally  used  in  sticking 
a  molding  of  the  same  name  on  the  edge  or  on  the 
side  close  to  the  arris.  A  set  consists  of  nine  planes, 
each  working  a  half-round  of  given  radius. 

Bead-tooL  {JFood-tuming.)  A  tool  for  turn- 
ing convex  moldings.  Its  end  has  a  semicircular 
or  other  curved  form,  with  a  sharp  edge  correspond- 
ing to  the  contour  of  the  bead  desired. 

Beak.  1.  {Architecttcre.)  A  small  pendent  fillet 
forming  a  channel  behind,  to  prevent  water  from 
running  down  the  lower  bed  of  the  coniice. 

2.  {ShiptvrigfUing.)  The  rostrum  or  prow  of  a 
ship.  Pisseus  is  said  to  have  added  it  to  the  an- 
cient galleys.     It  is  now  revived  in  the  rayn. 

More  technically  speaking,  a  part  of  the  ship  be- 
fore the  forecastle,  fastened  to  the  stem  and  supported 
by  the  main  knee. 


Beah-Jbwu. 

beak  adapted  to  reach  the  interior  surfaces  of  sheet- 
metal  ware. 

a.  A  tool  with  a  long  beak,  used  for  rounding  sec- 
tions of  stove-pipe,  large  tin-plate  ware,  etc.  Its 
tang  is  set  in  a  square  socket  in  the  bench. 

b.  A  tool  with  a  shorter  and  cylindrical  beak. 

c.  A  tool  with  two  beaks,  which  act  as  stakes  or 
anvils  in  the  interior  of  ware,  differently  presented. 

d.  A  conical  beak,  intended  to  be  grasped  in  a 
vise.     A  stake. 

2.  The  horn  of  an  anvil. 

Beale-light.  An  argand  burner,  in  which  the 
flame  is  fed  \vath  air  under  pressure,  rising  through 
the  central  aperture.     Named  after  its  inventor. 

Beam.  A  straight  piece  of  wood  or  iron  in  the 
frame  of  a  structui-e,  usually  occupying  a  relatively 
elevated,  horizontal,  and  transverse  position  :  as  the 
beams  of  a  ship  that  support  the  deck  (uniting  the 
sides  above  the  keel,  the  spine  of  the  vessel) ;  tiie 
beams  of  a  house  or  bam,  stretching  across  it,  and 
supported  by  the  side  walls  or  posts. 

Kelative  size,  character,  position,  and  importance 
have  caused  the  word  to  be  applied  to  a  long  straight 
piece  in  a  machine  or  tool,  whether  }X)ised  (a),  jour- 
naled  (6),  or  fixed  (c). 
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a.  The  poised  beam  of  a  balance,  to  whose  respec- 
tive ends  the  scales  are  attached.  In  the  Roman 
balance  or  steelyard,  the  beam  is  not  radically  equi- 
poised, but  one  end  is  longer  than  the  other,  so  that 
a  smaller  weight  on  one  end  shall  counterbalance  a 
lai^r  on  the  other  in  calculated  proportions,  as  in 
many  counter  scales  and  all  platK)rm  scales.  The 
larger  descriptions  of  the  latter  have  combinations  of 
beams  or  levers. 

b.  The  toorking  or  walking  beam  of  a  steam-engine, 
which  is  poised  at  its  mid-length,  and  sustains  at  its 
respective  ends  the  connecting-rod  to  the  slide  of  the 
piston-rod,  and  the  pitman  which  drives  the  crank 
of  the  paddle-wheel  shaft.  In  the  Cornish  pumping- 
en^ne,  in  place  of  the  pitman,  is  attached  tne  pump- 
rod.  This  osciUatiug  piece  is  usually  called  a  beam, 
and  such  an  engine  is  sometimes  called  a  beam-en- 
gine.   See  also  Side-beam  Engine. 

c  The  straight,  cylindrical,  horizontal  bars  in  a 
loom,  on  which  the  yam  and  fabric  are  wound,  called 
the  yam-beam  and  the  cloth-beam  respectively. 

1.  (Building.)  Specific  denominations  have  been 
conferred  upon  beams  in  framed  structures  of  wood. 

a.  Tie-beam;  one  uniting  the  ends  of  a  pair  of 
principal  rafters,  or  a  pair 

of  posts,  to  prevent  spread- 
ing or  divei^ence. 

b.  Collar- beam;  a  hori- 
zontalstrutconnecting  and 
bracing  two  opposite  raft- 
ers. 

c.  Dragon-beam;  apiece 
of  timber  to  receive  and 
support  the  foot  of  the 
hip-rafter. 

(L  Straining-beam;  one 
used  in  a  truss  or  frame  to 
confine  principal  parts  in 
place. 

e.  Ctemiffr-doiw;  a  hori- 
zontal beam  in  a  simple 
span,  whose  sill  has  two 
posts,  two  struts,  and  a 
camber-beam  uniting  the 
tops  of  the  posts. 

A  beam  bent  or  built 
into  an  arched  shape  to 
support  a  sill  or  summer. 

f.  Ramm>er-beam;  a,  titi- 
he&m  proceeding  from  the 
feet  of  a  pair  of  principal 
rafters,  but  having  its  mid- 
dle portion  removed ;  the 
ends  at  the  gap  are  stayed 
by  ribs  springing  from  cor- 
bels below,  and  support  other  ribs  which  spring  into 
an  arch. 

g.  Binding-beam;  a  tie-beam  which  binds  together 
portions  of  a  frame. 

h.  Girder-beam  ;  a  tie-beam. 

i.  Truss-beam;  the  principal  horizontal  timbers 
of  a  tniss,  called  the  top  and  bottom  chord,  and  from 
which  proceed  the  slays  and  braces  which  hold  and 
push  respectively,  so  to  speak,  and  confer  rigidity 
upon  the  frame. 

J,  Summer-beam  ;  a  central  floor  or  ceiling  timber, 
resting  at  its  ends  upon  the  walls  or  the  girders  of 
the  exterior  frame,  and  supporting  the  ends  of  the 
joints  which  are  notched  into  it. 

k.  Arched  beam ;  a  beam  bent,  cut,  or  built  into 
an  arched  form  to  support  a  structure.  See  Archei> 
Beam. 

I.  A  built-beam  is  one  made  of  several  parts  scarfed 
or  strapped  together. 


m.  A  kerfed  beam  is  one  whose  under  aide  has  a 
number  of  transverse  kerfs  penetrating  to  a  certain 
depth,  so  as  to  enable  the  oeam  to  be  bent.  See 
Arched  Beam. 

n.  Ground-beam  ;  a  sill  for  a  frame. 

o.  The  box-beamri  is  a  form  of  girder  having  a 
double  leeb,  inclosing  a  box  or  cell.  (See  Girder.) 
It  is  usually  of  iron.     See  Figs.  216,  218. 

Fig.  608  represents  four  forms  of  beams  in  Eng- 
lish use. 

B  represents  a  girder  on  the  suspension  principle, 
the  wooden  girder  a  a  being  staved  by  the  tension-rods 
eef,  which  are  looped  over  the  cast-iron  toe-plates 
b  b.  At  points  one  third  of  their  length  from  either 
end  the  rods  are  bolted  to  iron  cross-pieces  d  d,  which 
rest  ajB^ainst  blocks  c  c  beneath  the  beam. 

-4  is  a  cast-iron  girder  with  a  wrought-iron  tie- 
bolt. 

The  next  beam  in  the  figure  shows  a  pair  of  par- 
allel girders  with  cast-iron  foot-plates  c,  embracing 
the  ends  of  each,  holding  them  at  their  distance,  and 
affording  points  of  attachment  for  the  suspension- 
rods  a  a,  which  are  secured  by  screw-nuts  to  the  iron 
saddle-pieces  d  d,  the  latter  being  conjiected  by  links  b. 

Fig.  608. 
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The  lower  illustration  (Fig.  608)  is  a  combined 
wood  and  iron  girder,  used  to  support  a  large  brew- 
ery-vat, weighing,  when  fuU,  about  100  tons. 

The  main  features  of  this  beam  consist  of  three 
cast-iron  plates  a  a  a,  whose  abutting  ends  rest 
against  cast-iron  blocks  c  c,  and  which  form  a  kind  of 
arch,  supported  by  a  bow  and  string  truss  g g  dd. 
The  enas  of  the  beams  rest  on  shoes  b  and  wall- 
plates  ^. 

Mr.  Hodgkinson,  of  England,  is  said  to  have  de- 
termined the  true  shape  of  a  cast-iron  beam,  as 
deduced  from  his  discovery  of  the  fact  that  the.resist- 
ance  of  cast-iron  to  direct  crushing  is  more  than  six 
times  its  resistance  to  tearing. 

It  consists  (1,  Fig.  609)  of  an  upper  flange  a,  web 
6,  and  lower  flange  e.  The  sectional  area  of  the  lower 
flange,  which  is  subiect  to  tension,  is  nearly  six  times 
that  of  the  upper  flange,  which  is  subject  to  crush- 
ing.    In  order  that  the  beam,  when  cast,  may  not  be 
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liable  to  crack  from  unequal  cooling, 
the  thicknesses  of  the  vertical  web  at 
its  upper  and  lower  edges  are  nearly 
equal  to  those  of  the  nanges  at  top 
and  bottom  respectively. 

The  most  usual  shapes  of  cast-iron 
beams  are  shown  in  the  views,  which 
present  cross-sections. 

1,  2.  Double-T  beams. 

3.  Inverted-T  beam. 

4.  Trough-sliaped  beam. 

Fig.  610  shows  a  number  of  forms 
,  of  sections  of  fagots  for  wrought-iron 
beams,  the  webs  and  flanges   being 
made  up  of  plates  riveted  together, 
and  so  disposed  as  to  bring  the  fibrous 
strength  of  the  iron  into  the  most 
advantageous  positions.     The  fagots, 
having  been  made  up,  are  heated  in 
Ctut-Iron  Beatm.  ^  furnace,  and  then  rolled  by  a  train 
Sections.        whose  "passes"  have  the  appropriate 

Fig.  610. 
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size  and  shape  to  bring  the  beam,  by  successive  oper- 
ations, to  the  shape  and  size  required  in  the  finisned 
beam. 

2.  {Shipbuilding.)    One  of  the  curved  transverse 
timbers  of  a  vessel,  supporting  a  deck. 

The  end  of  the  beam  B  rests  on  a  shelf  S,  which 
is  bolted  through 

the   futtocks    F,  Fig.  611. 

and  its  upper  and 
lower  sides  are 
secured  by  dow- 
els d  (f  to  the  - 
water-way  ff  and 
shelf  S.  A  ver- 
tical bolt  a  b  ties 
the  water-way, 
beam,  and  shelf 
together,  while 
another  bolt  /  e 
secures  togetner' 
the  water-way 
fT,  futtock  F, 
and  planking  P. 
c  dis  the  convex 
curve  of  the  wa- 
ter-way, for  which 
may  be  substi- 
tuted the  concave  curve  shown  in  dotted  lines.  The 
water-way  forms  a  tie  above  the  beam  and  below  the 
spirketi'iig. 

F,  frame.  Kg.  612. 

0  Pj  outside 
planking. 

/  P,    inside 
plankinff. 

^,  decltbeam. 

D  Py  deck 


Beam. 
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5,  shelf  to  which  the  beam 
end  is  coaked. 

Wy  thick  water-way. 

w,  thin  water-way. 

B  S,  binding  stnUce  or  let- 
ting-down  str^e. 

K,  forked  iron  knee. 

Dotted  lines  show  the  bolts. 

A  midihip-beam  is  a  ship's  deck-beam  about  the 
waist. 

An  orlop-beam  ;  a  beam  of  the  lower  deck,  or  where 
one  would  be  were  it  laid. 

3.  {Nautical.)  a.  A  fender- beam  is  the  inclined 
beam  of  an  ice-breaker,  shod  with  iron.  A  beam 
to  protect  a  quay  or  ietty  by  receiving  the  impact 
of  tne  vessels  alongside. 

b.  The  shank  of  an  anchor  from  one  of  whose  ends 
the  arms  divei^,  and  whose  other  end  passes  through 
the  stock,  or  conversely. 

c.  The  width  of  a  vessel  is  called  her  breadth  of  beam. 

4.  ( Weaving.)  a.  The  roller  on  which  the  yam 
is  wound,  and  fVom  which  it  is  let  off  as  the  weaving 
progresses.     Tlie  yam-beam. 

b.  The  roller  on  which  the  goods  are  wound  by  a 
take-up  motion  as  the  weaving  progresses.  The 
cloth-beamy  or  breast-beam. 

6.  {Railroad  Engiiucring,)  The  swing-beam  is  a 
cross-piece  supported  by  the  frame  of  the  truck,  and 
sustaining  the  car-body  in  such  manner  that  a  cer- 
tain lateral  motion  and  play  is  allowed. 

6.  {Currying,  etc.)  The  board  over  which  a  hide 
is  placed  to  be  unhaired,  struck,  or  shaved  by  the 
knives  adapted  to  those  processes. 

The  unJiairing-beam  is  a  cylindrical  table  on  which 
the  hides  from  the  lime-pit  are  placed  while  the  hair 
is  scraped  off. 
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The  siriking-beam  is  a  cylindrical  horse  on  which 
the  hides  are  occasionally  scraped  by  a  triangular 
steel  knife,  during  the  time  they  are  drying  after 
removal  from  the  tanning-liquor. 

The  currier's  beam  is  an  inclined  post  over  which 
the  hide  is  stretched  to  be  shaved  oy  the  currier's 
knife. 

The  currier's  beam  in  a  slanting  position  is  shown 
in  the  ancient  paintings  of  Kouma,  Thebes. 

7.  Swipe-beam;  the  counterpoise  lever  of  a  draw- 
bridge. 

8.  The  oscillating  lever  of  a  steam-engine.  A 
working-beam  or  side-lever. 

9.  The  main  piece  in  the  frame  of  a  plow  to  which 
the  handles,  clevis,  and  standard  are  attached. 

10.  The  straight  working-edge  of  the  stock  of  a 
square  or  bevel. 

11.  The  bar  on  which  slide  the  sockets  carrying 
the  points,  pencil,  or  pen,  of  a  bedm-compass, 

12.  The  pole  or  tmigue  of  a  carriage  (not 
miich  iised). 

Beam-board.  The  platform  of  'a  steel- 
yard or  balance. 

Beam-oen'ter.  (Steam- Ettgiiie. )  The 
pin  on  which  the  working-beam  vibrates. 

Beam-oom'pas8.  Sometimes  called  a 
trammel.      An  instrument    for  describing  ^ 
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The  yam-threads  are  laid  uniformly  in  the  order 
in  which  they  were  placed  in  the  warping-mill  by 
means  of  a  separator  or  ravel^  which  consists  of  a 
number  of  pieces  of  cane  fixed  to  a  rail  of  wood,  so 
as  to  resemble  a  rake.  The  threads  pass  between  the 
teeth,  and  the  yam  is  spread  on  the  beam  to  the 
required  width. 

2.  (Leather.)  The  operation  of  working  hides 
with  a  slicker  over  a  beam. 

Beam'ing-ana-ohine'.  (Leather.)  One  in  which 
hides  suppoi-ted  on  a  sliding  or  rolling  carriage  are 

Fig.  614. 


Beam- Compass, 

laige  circles.  It  has  a  beam,  or  rod,  and  two  sliding 
sockets  which  carry  the  steel  point  and  the  pencU 
or  pen  points.  Set-screws  on  the  sockets  hold  them 
to  their  places  on  the  beam. 

Beaxn-en'gine.  (Steam- ETighie.)  An  engine 
with  an^  oscillating  beam,  to  whose  respective  ends 
the  connecting-rod  from  the  pistibn  and  the  pitman 
from  the  crank  are  attached. 

In  the  Cornish  engine  the  connecting-i-od  is  at  one 
end  and  the  pump-rod  at  the  other  end . 

To  avoid  the  elevation  of  the  working-beam,  so 
common  in  our  Atlantic  and  Eastern  river  steamers, 
the  side-lever  engine  has  been  invented.  This  brines 
the  engine  into  more  compact  form,  throws  the  weight 
nearer  to  the  keel,  and  places  the  engine  below  the 
water-line  in  some  cases,  —  an  especial  advantage  in 
war-vessels.  See  Side-beam  Engine;  Marine 
Steam-engine  ;  Lever-engine. 

The  old  atmospheric  engine  of  Newcomen  was  a 
beam-engine,  and  he  is  justly  regarded  as  the  in- 
ventor of  the  working  or  walking  bmm.  (See  Steam- 
engine;  Atmospheric- ENGINE.)  The  pump-rod  and 
the  piston  were  suspended  by  flexible  connections 
from  arcs  on  the  ends  of  the  working-beam.  When 
Watt  came  to  the  work,  he  devised  the  parallel  mo- 
tion as  a  means  of  communicating  a  vertical  motion 
to  a  rod  from  a  point  on  a  beam  which  oscillated  in 
an  arc. 

Beam-fill'ing.  (Maaojvry.)  FilHng-in  courses 
of  brick  or  stone  between  the  ends  of  beams  or  joists 
where  they  rest  upon  a  wall.  ♦ 

Beaxn'ing.  1.  (Weaving.)  The  operation  of 
winding  the  yam  upon  the  beam  of  a  loom. 


Beaming-Machiiu. 

operated  upon  by  a  pendulous  slicking-tool  which 
has  a  vibratory  motion.  The  motion  of  the  carriage 
brings  different  parts  of  the  leather  under  the  influ- 
ence of  the  tool. 

In  the  illustration,  the  leather  is  supported  on  a 
rotatable  tablet  k  resting  on  a  carriage  o  o,  which 
mns  baick  and  forth  on  rails.  Tlie  tablet  k  is  verti- 
cally adjustable  bv  means  of  the  treadle  p  b.  The 
beaming-tool /is  brought  in  contact  with  the  leather 
or  raised  therefrom  by  means  of  the  eccentric-rods  g 
and  rod  h,  which  are  moved  as  reqilired  by  means 
of  the  wheels  b  c. 

Beam-knife.  The  two-handled  knife  used  by 
curriers  to  shave  hides  when  they  are  stretched  over 
the  beam.     See  Currier's  Knife. 

Beam-line.  (Shipwrighting.)  The  line  indicat- 
ing the  intersection  of  the  top  of  the  beams  with  the 
frames. 

Bean-har'vest-er.  (Agriculture.)  A  machine 
for  cutting  bean-haulm  and  placing  the  vines  in  wind- 
row, cocks,  or  in  a  receptacle  of  the  traveling  ma- 
chine. 

Til  ere  are  several  forms  :  — 

A  hand-puller,  having  along  row  of  teeth  to  catch, 
and  a  movable  clamp  which  comes  down  upon  the 
teeth  to  grip,  the  vines. 

A  machine  with  a  broad,  flat  oblique  share  which 
cuts  the  roots  beneath  the  surface,  roUowed  by  lift- 
ing-bars which  raise,  and  a  rake  which  collects,  the 
vines  in  a  bunch.  By  oscillating  the  rake,  the  bunch 
is  dumped  upon  the  ground. 

A  plow  which  cuts  the  vines  below  the  surface, 
and  lifting  and  directing  rods  which  conduct  them 
to  a  box  on  the  machine. 

A  two-wheeled  machine,  having  a  rotating  wheel 
with  claws  which  catch,  lift,  and  then  deposit  the  ■ 
vines  in  a  box  on  the  machine,  whence  they  are 
dumped  in  cocks. 

A  machine  with  a  pair  of  nearly  horizontal  toothed 
wheels  rotating  in  apposition,  so  as  to  grasp  the  vines 
at  the  ground  surface  and  lift  them  so  that  they  may 
be  grasped  by  a  traveling  elevator-belt,  which  depos- 
its them  in  tne  box  of  the  machine. 

A  wheeled  machine  in  which  the  pullers  H  are 
guided  in  and  out  of  a  hollow  cylinder  by  a  cam- 
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ffuide  ^,  80  as  to  catch  the  haulm,  lift  it,  and  carry 
it  upward  and  over,  and  then,  by  retraction  of  the 

Vig.  ei6. 


Munger's  Bean-HarvesUr. 

puller-arms,  leave  the  vines  upon  the  platform  E  on 
the  rear  of  the  frame  A.  The  pullers  rest  upon 
springs  S  inside  the  cylinder,  and  are  projectea  by 
the  same  in  the  intervals  of  their  retraction  by  the 
cam-guide. 

A  fonn  of  machine  which  follows  the  row  of  plants, 
and  in  which  the  rotating  puller- wheel  has  a  contin- 
uous series  of  pairs  of  clamps,  which  close  as  they 
come  over  the  row,  grasp  and  lift  the  vines,  and  then 
open  to  deposit  them  in  a  chute  which  carries  them 
to  a  tiunsversely  moving  apron  which  deposits  them. 

A  machine  (Fig.  616)  naving  L-shaped  cutters, 
which  sever  the  vines  below  the  surface  of  the 

Fig.  616. 
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Roiur's  Btan- Harvester. 

ground,  from  which  they  are  raised  by  a  trailing 
device,  consisting  of  diveiging  prongs,  and  left  upon 
the  suiface  of  the  ground. 

Baan-milL  {Husbandry.)  A  mill  for  splitting 
beans.  Used  in  England  in  preparing  them  for 
horse-feed. 

¥%.  617. 
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A  mill  for  grinding  beans  to  meal. 

Bean-shMler.  A  machine  for  removing  the 
hulls  from  beans.  In  the  example,  the  pods  are 
fed  by  an  endless  apron  e  longitudinally,  and  cut 
by  the  serrated  wheels  i ;  the  toothed  rollera  B  B 
then  carry  off  the  huUs,  allowing  the  seed  to  drop 
into  the  receptacle. 

BeanHihot.  (Metallurgy.)  Copper  in  grains. 
Produced  by  pouring  the  melted  copper  into  water. 

Bear.  {Metal  •  working.) 
-1.  A  portable  punching-ma- 
chine  for  iron  plates.  A 
punching-bear. 

2.  (NatUical.)  A  heavy 
block  shod  with  matting, 
and  used  to  scrub  the  decks. 

Beard.  1.  (Carpentry.) 
The  sharp  edge  of  a  board. 

2.  {KnUtin^.)  The  hook 
at  the  extremity  of  a  needle 
in  aknitting-machine,  which 
retains  the  yam. 

8.  The  barb  of  an  arrow 
or  fish-hook. 

4.  {Agriculture.)  The 
awn  of  grain,  as  of  barley, 
which  is  removed  by  huni' 
meling. 

5.  {Printing.)  The  part 
of  the  type  between  the 
shoulder  of  the  shank  and 
the  face.  ' 

6.  {Locks.)    A  spring-piece  on  the  back  of  a  lock- 

bolt  of  a  common  kind, 
to  hold  with  a  moder-  . 
ate  pressure  in  either 
of  its  positions,  and 
prevent  its  rattling  in 
Its  guides. 

Beard'ing.  {Ship- 
wrighting.)  a.  A  bev- 
eling or  rounding  ;  as 
of  the  a(^acent  parts 
of  therudderandstem- 
post,  to  give  the  for- 
mer a  greater  nngp  of 
motion  without  jam- 
ming against  the  lat- 
ter. 

•         b.   The  curving  of 
the  dead-wood  to  suit 

the  shape  of  the  ship's  body. 
Beard'ing-line.    {Shipbuilding.)    The  trace  of 

the  inner  suiface  of  the  snip's  skin  upon  the  keel, 

stem,  and  stem-post. 
Bear'er.    Anything  used  by  way  of  support  to 

another  weight. 

1.  {Carpmtry.)  a.  A  member  employed  to  carry 
other  portions,  as  joists  used  in  supporting  lead  flats 
or  short  pieces  to  support  gutters. 

b.  A  bearing-partition  is  one  that  supports  a  strac- 
ture  above. 

2.  {Engineering.)  Bearing-pieri  and  bearing-walls 
are  supporting  structures. 

8.  (Lathe.)  That  part  of  the  lathe  which  supports 
the  puppets. 

4.  (li^mace.)  A  supporting  bar  beneath  the  fire- 
ban  of  a  furnace. 

5.  {Mill.)  The  housings  or  standards  of  a  rolling- 
mill,  in  which  the  gudgeons  of  the  rollera  revolve. 

6.  {Printing.}  a,  ^^pe  or  furniture  letter-high, 
to  i)Totect  the  face  of  the  type  in  printing  or  stereo- 

le  overlay  or  frisket  sheet. 
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7.  (Music.)  In  an  oiigan,  one  of  the  thin  pieces 
of  hard  wood  fiBLstened  to  the  upper  side  of  a  sfywnd- 
hoardj  to  form  guides  for  the  register-slides  which 
command  the  openings  in  the  top  of  a  wind- chest 
leading  to  the  pipes  of  the  separate  systems  of  pipes 
which  form  atop*.     See  Stop  ;  Organ. 

Bear'ing.  1.  (Architecture.)  a.  The  span  of  a 
beam  between  its  points  of  support. 

h.  The  hearing  at  the  ends  or  xcallsupport  is  the 
length  of  the  rest  on  the  wall  or  j^ier. 

2.  (Machinery.)  a.  The  portion  of  an  axle  or 
shaft  in  contact  with  its  collar  or  boxing. 

h.  The  portion  of  the  support  on  which  the  gud- 
geon rests  and  rotates. 

3.  (Vehicle.)  One  of  the  pieces  supporting  the 
framework  of  a  carriage  and  resting  on  the  axle. 

4.  (Railroad  Engineering.)  One  of  the  chairs  sup- 
porting the  framework  of  a  railroad  car  or  truck,  and 
resting  on  the  journal  of  the  axle,  outside  of  the 
wheel. 

One  mode  of  lessening  the  friction  of  journal-bear- 
ing   consists 
Mg.  619.  of   a  rolling 

support  by 
means  of 
wheels  a  a. 
This  is  famil- 
iar  in  the 
mode  of 
hanging 
grindstones. 
The  same 
idea  ampli- 
fied has  been 
adopted  for 
the  axles  of 
cars  and  car- 
riages, con- 
sisting of  an 
annular  sys- 
tem of  rollers 
c  c  in  the  box 
or  hub  rf, 
which  forms 
arolling  bear- 
ing for  the 
axle,  the  in- 
dividual roll- 
ers of  the  sys- 


Anti-JrieUoH  WheOs. 

tern  rotating  on  their  axes, 
and  in  some  cases  revolv- 
ing, also  revolve  around 
the  common  axis,  namely, 
the  axle  of  the  carria^. 
^  is  a  plate  having  radial 
slots  in  which  the  rollers  c  are  joumaled. 

In  this  case  the  bearings  c  c  are  rollers, 
not  wheels,  as  the  weight  is  not  imposed 
upon  the  axles  of  the  wheels,  but  on  their 
surfaces.     See  also  Step. 

Bear^g  Bln'na-cle.  (Nautical.)  A 
-small  binnacle  on  the  fife-rail,  in  the  cen- 
ter and  forward  part  of  the  poop. 

Bear'ing-neok.  The  part  which  revolves 
within  the  pedestal  brasses,  and  supports  the 
weight  or  strain.     The  journal  of  a  shaft. 

Bear'ing-pile.  (Hydraulic  Engineer- 
ing.) A  pile  driven  as  a  pillar  to  bear  a 
sup^tructure. 

When  driven  till  they  reach  a  firm  sub- 


stratum, the^  may  bear  a  load  of  1,000  pounds  for 
each  square  mch  of  head. 

When  standing  in  relatively  soft  ground,  not  over 
one  fifth  of  the  above. 

The  diameter  should  not  be  less  than  one  twentieth 
of  the  length.  If  rocks  are  expected  to  be  met  with, 
the  point  should  be  shod  with  iron  ;  such  dioe  may 
be  one  hundredth  the  weight  of  the  pile.  An  iron  hoop 
binds  the  head,  to  prevent  spreading.  It  is  driven 
by  a  Pile-driver  (which  see).  See  also. Ringing- 
engine  ;  Monkey-engine  ;  Pile-saw,  etc 

Bear'ing-rein.  (Saddlery.)  The  rein  which 
belongs  to  the  bridle,  and  which  is  attached  to  the 
bit  and  looped  over  the  check-hook  in  carriage-har- 
ness, and  over  the  hames  in  wagon-harness. 

Bear'ings.  (Shipvmghting.)  The  widest  part  of 
a  vessel  below  the  plank-shear.  The  line  of  notation 
of  the  loaded  vessel  when  trimmed. 

Beaf  er.  1.  (Agriculture)  The  striking  portion 
of  a  thrashing-macnine  or  other  mill  which  acts  ^ 
percussion. 

2.  (Cotton,  etc.)    a.  A  scutcher. 

h,  A  blade  used  in  breaking  flax  or  hemp. 

8.  (Weaving.)  The  lathe  or  haiten  of  a  loom  for 
driving  the  weft  into  the  shed,  compacting  the  fab- 
ric. 

4.  A  hatter's  mallet. 

5.  (Knitting-machifU.)  Another  name  for  the 
Jack  (which  see). 

Beat'er-presB.  For  baling.  One  in  which  the 
bale  is  made  by  beating  it  into  smaller  bulk ;  or, 
which  is  more  usual,  in  which  the  bale  is  packed  by 
beating,  and  finally  solidified  by  direct  and  main- 
tained pressure. 

In  the  example  (Fig.  620),  the  beater  is  lifted  by 
means  of  its  toggle-links  and  })ressure-arm8  C  C,  the 
latter  drawing  inward  to  avoid  contact  in  raising, 
and  the  arms  oecome  sockets  for  the  ends  of  the  tog- 
gles L  X,  when  the  beater  becomes  the  follower  of  the 
press. 

The  fulcmms  of  the  toggles  are  formed  by  the 
ends  of  the  pivoted  rods  A  A,  which  gradually  as- 
sume verticality  as  the  outer  ends  of  the  toggle- 
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levers  L  ascend,  when  the  rope  I  is  tightened.  This 
is  first  a  htaitr  and  then  a  ioggU  press. 

In  other  cases  the  motive-power  is  placed  a  story 
below  the  lloor  of  the  Iwvrn,  from  whence  the  hay  is 
charged  into  the  press-box.  The  drai't  animal  at- 
tached to  the  sweep  rotates  the  capstan,  which  is 
made  effective  either  to  raise  the  beater  or  to  move 
the  toggles  which  raise  the  lower  follower. 

Beaf  Ing.  The  process  of  hammering  gold  or  sil- 
ver into  leaf.    See  Gold-beatino. 

Beat'ing-brack'et  {Weaving.)  The  fto^e/i  or 
laiM  of  a  loom.  Tlie  movable  bar  which  closes  up 
the  ii;oo/-threads. 

Beat'ing-en^glne.  1.  {JE^a^^r-making,)  A  ma- 
(Shine  having  a  revolving  cylinder,  with  cutters  oper- 
ating against  a  concave  similarly  armed,  to  cut  rags 
into  stuff  for  paper-pulp. 

Two  or  more  of  such  engines  are  employed :  a 
toasher  operates  coarselv  upon  the  stuff ;  a  finisher 
completes  the  work,  ihe  first  brings  the  material 
to  half-stuff,  in  which  condition  it  is  bleached  ; 
hence  arise  the  terms  Stuff-engine,  Half-stuff 
Engine  (which  see). 

2.  {Cotton  Manufacture,)  The  machine  in  which 
cotton  or  other  fiber  is  beaten  to  rid  it  of  dust,  and 
to  loosen  it  so  that  it  may  make  a  bat  suitable  for 
farther  operations  in  course.     See  Fig.  601. 

Beafmg-machine'.  {Cotton,  etc.)  A  machine 
in  which  the  bale-cotton  is  opened  and  loosened  out 
so  as  to  rid  it  of  the  dirt  and  trash,  and  deliver  it  in 
a  comparatively  loose  bat.  The  machine  has  many 
modifications  and  names :  loolf,  devil,  opener,  toil- 
lower,  scutcher,  etc.  See  Cotton -cleaning  Ma- 
chine. 

Bea'ver.  {Fdbric.)  A  heavy,  milled  woolen  cloth 
for  overcoats. 

Bea'ver-teen.  {Fabric.)  a.  A  cotton  twilled 
soods  in  which  the  warp  is  drawn  up  into  loops, 
forming  a  pile.  This  is  left  uncut,  which  distin- 
guishes the  fabric  from  velvet,  in  which  the  pile  is 
cut. 

b.  A  strong  cotton  twilled  goods  for  men's  wear. 
It  is  a  kind  of  smooth  fustian  shorn  after  being  dyed. 
If  shorn  before  dyeing,  it  is  called  moleskin. 

Be-casse'.    (Nauiical.)    A  large  Spanish  boat. 

Beche.  ( Well-boring.)  A  tool  tor  grabbing  a  rod 
when  it  has  broken  in  the  bore. 

Beck.  A  vat  or  vessel  used  in  a  dye-house.  A 
dye-beck  contains  a  dyeing  solution  ;  a  soap-beck  con- 
tains soap-suds.     See  Back. 

Beck'et  {Nautical.)  A  bracket,  pocket,  loop, 
or  rope  to  hold  spars,  ropes,  etc.,  in  position,  to 
prevent  their  swaying  about  or  lying  around  loose. 

Bed.  1.  {Masonry.)  a.  The  line  of  the  direc- 
tion of  the  natural  strata  of  stones  in  the  quarry. 

b.  The  horizontal  surface  of  an  ashlar  or  building- 
stone  worked  for  building  or  in  position  ;  the  respec- 
tive surfaces  are  the  upper  and  lower  beds.  The 
stone  should  lie  horizontally,  as  it  laid  in  the  ouarry. 

c.  The  surface  of  a  voussoir,  represented  oy  the 
abreuvoir.  That  surface  of  a  quoin  in  an  arch  which 
abuts  upon  another  quoin  or  a  skew-back. 

d.  A  course  of  stones  or  bricks  in  a  wall. 

e.  The  lower  surface  of  a  brick,  shingle,  slate,  or 
tile  inposition. 

/.  The  place  prepared  for  the  erection  of  a  wall ; 
the  place  m  which  a  block  or  brick  is  laid. 

g,  A  layer  of  hydi-aulic  mortar  on  the  extrados  of 
an  arch. 

2.  {RaUtaay  Enaineering.)  The  foundation  of  a 
roadway  ;  in  a  railway,  that  part  on  which  the  ties 
immediately  rest,  including  the  ballasting. 

8.  {Mculiinery.)  a.  The  foundation-piece  of  a 
machine  or  engine,  as  the  bed-plate  or  a  steam- 


engine,  and  the  same  of  smaller  structures,  lathes, 
dnlls,  etc. 

i).  The  shears  of  a  turning-lathe  to  which  the  pup- 
pets are  attached. 

c.  The  lower  die  of  a  punching-machine. 

d.  The  lower  stone  of  a  grinding-mill. 

e.  The  table  of  a  planing-machine  on  which  the 
work  is  dogged. 

4.  The  wooden  block  out  of  which  are  hollowed 
the  mortars  in  which  the  materials  for  gunpowder 
are  compounded. 

6.  (SkipwrighHn  .)  a.  The  cradle  of  a  ship  on 
the  stocks. 

b.  The  part  of  a  bowsprit  having  the  greatest  di- 
ameter. 

6.  {Garp&niry.)  The  surface  in  a  plane-stock  on 
which  the  plane-iron  is  supported. 

7.  {Printing.)  The  platform  of  a  printing-press 
on  which  a  form  is  laid. 

8.  (  Weapons.)  a.  A  fridne  for  supporting  a  piece 
of  ordnance,  more  especially  a  mortar ;  as,  a  nuniar- 
bed. 

b.  The  hollowed  place  in  a  gun-stock  which  receives 
the  barrel. 

9.  {Vehicles.)  The  box,  body,  or  containing  re- 
ceptacle of  a  vehicle. 

10.  (Mining.)    A  seam  or  horizontal  vein  of  ore. 

11.  (Demestic.)  An  article  of  furniture  to  sleep 
or  rest  on. 

Goose-feather  beds  and  pillows  were  introduced  by 
the  Bomans  during  the  government  of  the  Csesars. 
They  were  imported  from  Egypt.  Introduced  into 
England  by  the  returning  Crusaders. 

Besides  feathers,  many  other  substances  have  been 
and  are  still  used  for  beds  ;  as,  sti-aw,  heather,  rush- 
es, hair,  corn-shucks,  moss,  sponge,  excelsior  (wood- 
en shreds,  curled). 

Among  primitive  nations  the  skins  of  wild  beasts 
have  been  much  employed,  and  of  these  were  the 
beds  of  the  ancient  Britons  at  the  time  of  Cssar's 
invasion.  Their  Roman  conquerors  are  said  to  have 
taught  them  the  use  of  straw ;  to  some  extent  of 
grain  also,  it  would  seem.  The  down  of  the  eider- 
duck  of  the  Scotch  cliffs  is  the  softest  and  most 
luxurious  material. 

The  beds  of  the  Greeks  were  according  to  taste 
and  ability.  The  poor  wrapped  himself  in  a  rug, 
and  laid  on  straw  or  weeds,  witli  a  billet  of  wo^ 
under  his  head.  In  cold  weather  sheep-skins  were 
added.  The  richer  had  blankets  and  fine  rugs. 
When  he  undressed,  he  added  a  linen  sheet.  He 
rolled  himself  up  in  his  bed-clothes. 

Bedsteads  were  an  afterthought,  and  even  then 
we  find  that  the  occupants  swaddled  themselves  in 
the  blankets.  They  did  not  understand,  it  ap- 
pears, how  to  make  a  partnership  matter  of  it,  — 
bed-clothes  of  generous  area  covering  a  pair.  See 
Bedstead. 

Air-beds  were  known  aeveral  centuries  ago,  being 
made  of  fabric  rendered  air-proof  by  paint  or  varnish. 
The  annexed  cut  is  from  the  first  German  edition  of 
Yegetius,  a.  d.  1511,  and  represents  some  soldiers 
reposing  on  one  in  time  of  war.  The  mode  of  infla- 
tion by  bellows  is  also  indicated. 

We  see  indications  of  the  same  idea  in  the  account 

S'ven  of  the  sports  of  Heliogabalus,  who  had  col- 
psing  cushions  wherewith  he  tricked  his  guests. 
See  Air-bed.    See  also  Hydrostatic  Bed. 

We  are  indebted  to  Dr.  Amott  for  the  invention 
of  the  water-bed,  which  was  contrived  by  him  for 
the  purpose  of  supporting  the  body  without  sensible 
inequality  of  pressure,  thus  preventing  bed-sores. 
Clark,  in  1813,  and  Maclntosn,  in  1823,  improved 
the  matter  by  contributing  a  better  material.     The 
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Air-Beft 

india-rubber  cloth  was  long  known  simply  as  "Mac- 
intosh." 

Bed-bof  tonL  A  device  attached  to  a  bedstead 
on  which  the  bed  immediately  rests.  The  object  to 
be  attained  is  to  secure  sufficient  strength  with  a 
certain  degree  of  elasticity,  and  for  this  purpose 
many  contrivances  have  been  devised,  among  the 
best  known  of  which  is  probably  the  old-fashioned 
"sacking"  bottom,  ha\ing  eyelet-holes  around  its 
inar^n,  through  which  a  rope  was  passed  for  secur- 
ing it  to  pegs  on  the  bedstead.  Another  common 
arrangement  is  merely  a  series  of  slats  passing  from 
side  to  side  and  resting  in  notches  on  the  rails. 

The  framework  in  the  accompanying  cut  is  made 
from  the  sticks  of  the  palm-branch  ;  so  says  Wilkin- 

Fi^.  G22. 


Egyptian  Mattrfxs. 

son.  It,  and  other  structures  similarly  made,  are 
known  by  the  general  name  of  kafass.  The  bed- 
stead of  palm-branches,  called  a  bals,  and  mentioned 
by  Porphyry,  was  probably  of  this  kind.  It  proba- 
bly form^  the  body  of  some  of  the  couches  and  ot- 
tomans represented  in  the  ancient  paintings  on  the 
Egyptian  tombs.  The  bed-bottoms  m^de  in  this 
way  are  usually  7  by  3^  feet,  and  from  1  to  2  feet 
inhi^t. 

In  rig.  623  are  shown  several  varieties,  some  in 
section  and  others  in  elevation. 


yi  I  I  II  I  I II  I  I  11  ,   I  ij  I    Mil /' 
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Bed-Bottoms. 


a,  the  longitudinal  spring-slats  are  curved  over  at 
the  -ends  and  attached  to  the  cross-bars. 

b,  the  slat-ends  rest  on  springs  whose  lower  coils 
rest  on  lugs  with  shanks  which  screw  into  the  raiL 

c  has  spring-bars  B  and  a  tension-wire  A. 
d  has  spring-pieces  inserted  obliquely  into  the 
slat. 
e  has  disks  and  spindles,  spring  supported. 
/  has  spiral  springs  between  upper  and  lower  webs. 
g  has  springs  supporting  an  upper  padded  frame. 
A. has  a  system  of  curved  springs,  slats,  and  spiral 
springs. 

The  above  is  a  mere  sample  of  hun- 
dreds of  varieties.  Woven  wire  fabric 
or  rattan  is  the  best  in  warm  weather. 

Bed-olothea  Clasp.  A  device  for 
preventing  the  accidental  displacement 
of  bed-clothes  ;  as,  for  instance,  a  jmir 
of  pivoted  jaws  kept  closed  by  a  spiral 
spnng  and  fastened  to  the  bedstead. 

Bed'ding.  The  seat  on  which  a 
boiler  or  other  structure  rests.  See 
Bed. 

Bed'ding  -  atone.      {Bricklaying. ) 
A  marble  slab,  accurately  level,  on  which 
the  rubbed  side  of  a  brick  is  tested  to 
prove  the  truth  of  its  face. 
Bede.    A  miner*s  pickaxe. 
Bed-latixe.    The  usual  form  of  lathe,  in  which 
the  puppets  and  rest  are  supported  upon  two  paral- 
lel and  horizontal  beams  or  shears. 

Bed-mold'ing.  A  collective  term  for  all  the 
moldings  beneath  the  corona  or  principal  projecting 
member  of  a  cornice,  which,  witliout  bed-moldings, 
would  appear  too  much  like  a  mere  shelf. 

Bed-pan.  {Domestic.)  A  convenience  for  the 
sick-room,  for  the  use  of  invalids  or  the  bedridden. 
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Fig.  624. 


Bed- Pan. 

Bed-plate.  -  (Afachinery.)  The  foundation-plate 
to  which  the  frame  of  a  machine  is  bolted,  as  of  a 
steam-engine. 

In  Blandt's  portable  engine,  the  engine  and 
working  machinery  are  all  attached  to  a  continuous 
hollow  iron  bed-plate  in  the  form  of  a  cylinder.  The 
feet  for  this  bed-plate  fit  into  seats  on  the  boiler,  so 
as  to  be  removable  therefrom  when  required.  The 
principal  object  is  to  prevent  the  unequal  expansion 
of  the  boiler  and  engine  from  throwing  the  latter  out 
oftrue,  or  from  straining  the  joints  of  the  former. 

Bed'etead.  A  piece  of  furniture  supporting  a 
mattre^  or  bed. 

Bedsteads  were  common  in  Egypt  and  among  the 
later  Greeks.  They  were  only  used,  however,  by  the 
wealthier  classes.  Many  ornate  bedsteads  are  repre- 
sented in  the  tombs  at  various  parts  alone  the  nver 
Nile.  * 

Among  the  earlier  notices  is  the  iron  bedstead  of 
Og,  king  of  Bashan ;  it  was  nine  cubits  long  and 
four  broad  (Deut.  iii.  11).  This  was  adapted  for  a  man 
twelve  feet  high.  The  Rabbinical  writers  have  exer- 
cised their  ingenuity  upon  Og,  and  their  highest 
flight  concerns  a  bedstead,  the  first  mention  of  the 
article  in  their  chronicles.  Rabbi  Ben-Somebody  — 
we  merely  condense  —  says  that  Og  lived  before  the 
flood,  and  was  so  tall  that  the  water  did  not  reach 
his  knees,  and  so  he  waded  through.  Escaping  this 
destruction,  he  afterwards  turned  up  as  Eliezer  of 
Damascus,  Abraham's  servant.  Abraham  was  of  a 
size  equal  to  74  ordinar3r  men,  but  was  no  match  for 
Eliezer,  except  in  scolding,  which  he  could  do  most 

{)rofoimdly.  As  he  was  blowing  up  Og  one  day,  the 
atter  trembled  so  violently  as  to  jerk  out  a  double 
tooth,  which  the  patriarch  converted  into  an  ivory 
bedstead.  It  was  probably  carious,  and  so  Abraham 
sawed  off  the  fangs  to  bring  them  to  a  length  for 
legs,  and  shoveled  out  the  hole  so  as  to  hold  a  few 
camel-loads  of  straw.  Abraham  appears  to  have 
discharged  him,  or  Og  ran  away,  and  again  appears 
in  opposition  to  Moses,  who  killed  him. 

Rabbi  Jochanan  admits  that  the  above  is  only  tra- 
dition, but  says  that  he  himself  chased  a  roe  into  the 
hollow  shin-bone  of  the  defunct,  and  followed  it 
three  miles  without  finding  his  roe  or  the  end  of  the 
hole.  He  became  tired  and  returned  disgusted.  A 
huge  —  bone. 

The  bedsteads  of  the  luxurious  Greeks  had  four 
rails,  legs,  straps  to  support  the  mattress,  a  head- 
boanl,  and  sometimes  a  foot-board.  They  were  made 
of  solid  maple  or  boxwood  ;  sometimes  veneered  with 
costlier  wood,  tortoise-shell,  or  ivory.  They  had 
ornamental  feet,  sometimes  of  silver. 

The  mattress  was  of  linen,  woolen  doth,  or  leather, 
and  stuffed  with  straw  or  wool.     Round  and  square 


pillows  were  used.  They  were  provided  with  soft  and 
thick  woolen  blankets  and  sheets.  The  Greeks  wore 
nightgowns.  The  sleeping  arrangements  of  the 
wealthy  Greeks  seem  to  have  been  good,  but  the 
Asiatics  said  '*the  Greeks  do  not  know  how  to  make 
a  comfortable  bed." 

"  But  no  town  with  MUetuB  Ties 
In  the  bridal-bed's  rich  canoplen.'* 

Critiab  ;  quoted  by  Athennus,  ▲.  D.  220. 

The  Roman  bedsteads  were  magnificent,  and  the 
weary  climbed  on  to  them  by  step-ladders  on  the  open 
side;  the  other  was  closed  by  a  side-board.  The 
open  side  was  sponda,  the  closed  plxUeus  ;  the  latter 
for  the  weaker  vessel. 

The  mattresses  or  beds  were  stuffed  with  wool  or 
feathers. 

We  cannot  spare  room  to  describe  the  goi^geous 
counterpanes. 

The.  bedsteads  had  canopies,  but  we  do  not  read 
of  curtains  or  testers. 

The  bed,  or  rather  bedstead,  of  Ware,  mentioned 
by  Shakespeare,  is  still  in  existence,  and  is  to  be 
seen  at  one  of  the  inns  in  that  village.  It  is  twelve 
feet  square.  Many  innovations  have  been  made  on 
the  old-fashioned  four-post  bedstead.  That  known 
as  the  four-poster  was,  however,  provided  with  four 
high  posts  and  a  tester,  forming,  with  the  curtains, 
a  complete  canopy  by  which  tne  sleeper,  if  so  dis- 
posed, could  be  fully  protected  against  fit»h  air,  and 
enjoy  the  pleasure  of  breathing  as  vitiated  an  atmos- 
phere as  he  pleased. 

It  was  formerly  the  general  practice  to  make  the 
bed-bottom  of  coarse  canvas,  having  eyelet-holes 
along  its  edges,  through  which  a  cord  was  passed, 
and  thence  over  pins  in  the  side,  top,  and  Dottom 
rails,  which  supported  the  bed-bottom,  the  arrange- 
ment admitting  of  being  laced  up  as  tight  as  de- 
sired. Of  late,  various  arrangements  of  slats  have 
prevailed.     See  Bed-bottom. 

Many  improvements  have  also  been  made  in  the 
manner  of  putting  the  parts  together,  so  that  the 
bedstead  can  be  set  up  and  taken  down  with  greater 
facility. 

Invalid-bedsteads  are  made  with  rising  sections, 
so  as  to  bring  the  body  to  a  reclining  or  sitting  posture 
for  relief  by  change  of  position. 

Wardrobe-bedsteads  are  modes  of  concealing  beds 
in  chambers  to  be  occupied  during  the  day,  where 
^e  accommodations  of  the  domicile  are  limited. 

Bed'atead-fast'en-er.  A  device  consisting  of 
two  parts,  one  attached  to  the  end  of  the  rail,  and 


Fig.  825. 
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Bedstead' Futtner. 


Bedstead-mrtmeh, 


the  other  to  the  side  of  the  bed-poet,  by  which  the 
parts  are  locked  together  or  readily  detached. 
There  are  many  varieties  :  some  of  metal ;  others 
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screws  on  the  rails  and  screw-sockets  in  the  posts, 
dovetail  tenons  on  the  ends  of  the  rails  and  slots  or 
sockets  in  the  ]K)sts,  etc. 

Bed'atead-key.     See  Bedstead- whence. 

Bed'atoad-^ench.  A  crank -wrench  employed 
in  turning  the  bolts  which  secure  the  rails  to  the 
posts  of  bedsteads. .  A  nut  is  inserted  at  a  lateral 
mortise  in  the  rail,  so  as  to  present  its  aperture  in 
the  path  of  the  screw-bolt,  which  is  rotated  by  the 
wrench.  A  tenon  on  the  end  of  the  rail  fits  into 
a  mortise  in  the  face  of  the  post. 

Another  form  combines  sockets  of  various  sizes  and 
a  screw-driver. 

Bed-atone.  (Milliiig.)  The  term  applied  to  the 
lower  or  stationary  miU-stone.  The  lower  stone, 
however,  in  some  mills,  is  the  runner.  In  some  mills, 
acain,  the  stones  are  driven  in  contrary  directions. 
The  term  bed-stone,  in  such  cases,  loses  its  signifi- 
cance, and  it  becomes  the  runyier  or  the  lotoer  run- 
ner respectively. 

Bed'way.  {Mining.)  An  appearance  of  strati- 
fication, or  nearly  horizontal  fine  of  markii^  in 
granite. 

Bee.  (Nautical)  One  of  the  pieces  of  plank 
bolted  to  the  outer  end  of  the  jib-boom  to  reeve  the 
foretop-mast  stays  through. 

Bee-blook.  {Nautical.)  One  of  the  blocks  of 
hard  wood  bolted  to  the  sides  of  the  bowsprit-head, 
for  reeving  the  foretop-mast  stays  through. 

Bee-feeder.  {Husbandry.)  A  device  for  feed- 
ing bees  in  bad  weather  or  protracted  winters.  For 
the  materials  of  the  food,  see  I^angstroth  or  other 
apiarists.  The  mode  is  usuallv  a  small  perforated 
piece  of  board  which  floats  on  the  liquid  fcKxi.  . 

Bee-fa'mi-ga-tor.  {Husbandry,)  A  blower  for 
driving  a  smudge  into  a  hive  to  expel  the  bees,  or 
compel  them  to  retire  to  a  certain  part  of  the  hive, 
while  honey  is  removed,  or  the  hive  examined  and 
cleaned.  Fumi^tion  is  also  used  to  |)artially  para- 
lyze the  bees  while  the  swarm  is  being  parted. 

Beellive.  (Husbandry.)  A  box,  crate,  basket, 
.  or  hollow  log  in  which  bees  are  kept  for  the  sake  of 
their  honey.  In  the  old  scripture  and  classic  lands 
they  lived,  and  yet  live,  in  tne  clefts  of  the  rocks. 
They  are  new-comers  to  this  hemisphere,  and  with 
OS  live  in  a  wild  state  in  hollow  trees.  In  Califor- 
nia, it  is*  said,  they  have  taken  to  the  clifls.  A 
sawed-off  section  of  a  hollow  log  is  known  in  the 
West  and  South  as  a  gurrit  possibly  from  the  use  of 
a  log  of  the  gum-tree  for  that  purpose.  Whether 
for  a  beehive  or  a  curb  for  a  spring  it  bears  that 
name ;  and  the  gum-wood  is  only  common  in  some 
localities,  whereas  the  name  is  universal. 

Hybla  and  Hymettus  are  classic  bee-ground.  £u- 
melus  of  Corinth  wrote  a  poem  on  bees  741  b.  c. 
.  There  are  enumerated  292  species  of  the  apis  ffenus. 
The  honey-bee  was  introduced  by  the  English  into 
Boston,  1670,  and  is  spreading  over  the  continent 
The  men  were  lately  ahve  who  professed  to  recollect 
the  time  when  the  swarms  first  made  their  appear- 
ance on  the  west  side  of  the  Mississippi.  They  are 
said  to  keep  a  little  in  advance  of  civilization.  Ru- 
ber wrote  on  bees  in  1796,  and  the  bee-anatomists 
and  physiologists  are  but  his  followers. 

Samson  found  a  swarm  of  bees  in  the  land  that 
flowed  with  milk  and  honey.  Honey  was  prohibited 
as  an  offering  on  the  altar  under  the  Leyitical  law, 
but  its  first-fruits  were  presented  for  the  use  of  the 
priests.     (Lev.  ii.  11,  12.) 

Honey  was  a  favorite  article  of  food  in  ancient 
^ypt,  but  the  tombs  are  silent  as  to  the  treatment 
oftne  bees. 

Yarro  (50  B.  o.)  recommends  that  hives  be  made 
of  basket-work,  wood,  bark,  hollow  trees,  pottery,  or 


reeds,  and  be  contractible  according  to  the  size  of 
the  swarm.  He  recommends  a  pane  of  transparent 
stone  (lapis  specularis),  so  as  to  enable  the  apiarian 
to  see  the  bees  at  work. 

Sallust  recommends  cork ;  a  very  good  sugges- 
tion. They  are  yet  made  of  cork  in  some  parts  of 
Southern  Europe  ;  the  wood  being  removed,  leaves 
the  cork -bark  as  a  cylinder.  In  Greece  and  Turkey 
earthenware  hives  are  in  common  use.  The  ancient 
English  hives  were  baskets  of  unpeeled  willows. 

Beehives  made  of  helical  coils  of  twisted  straw  are 
in  common  use  • 

in  England,  as  Kg-  627. 

well  as  those 
of  wood.  A 
representation 
of  one  of  the 
former  kind  is  i 
shown  in  the) 
illustration, 
the  cover  be- 
ing removed  to 
show  the  inte- 
rior glass  cap. 
The  materials 
of  which  hives 
are  made  dif- 
fer in  various 
countries,  and 
the  variations 
in  construction 
are  almost  in- 
finite. 

Pepys  thus 
refers  to  glass 
beehives :  — 

*  *  After  din-  straw  Btekhe. 

ner  to  Mr.  Ev- 
elyn's ;  he  being  abroad,  we  walked  in  his  garden  ; 
and  a  lovely,  noble  ground  he  hath  indeed  [Sayes 
Court].  And,  among  other  rarities,  a  hive  of  bees ; 
so  as,  being  hived  in  glass,  you  may  see  the  bees 
makjjig  their  honey  and  combs  mighty  pleasantly." 
—  Fepys's  Diary t  April,  1665. 

Movable  comb-hives  were  invented  in  1792.  In 
their  present  form  and  adaptation  they  are  consid- 
ered tne  invention  of  Langstroth. 

In  some  countries  it  is  usual  to  carry  bees  from 
place  to  place  in  their  hives  for  change  of  pasture. 
This  practice  is  extensively  carried  on  in  Egypt, 
where  great  numbers  of  hives  are  often  transported 
on  boats  from  place  to  place  along  the  Nile,  accord- 
ing to  the  succession  of  flowers  in  different  districts. 
An  analogous  custom  of  transporting  bees  from  one 
locality  to  another,  for  similar  reasons,  has  long 
been  prevalent  m  Persia,  Asia  Minor,  and  Greece  ; 
and  in  Scotbwd,  during  the  season  when  the  heather 
is  in  bloom,  many  hives  are  annually  carried  to  the 
heaths  from  distncts  not  in  their  immediate  vicinity. 

In  Poland,  the  bees  are  transported  in  large  colo- 
nies from  their  winter-quarters  to  their  summer  pas- 
ture, and  back  again  when  the  weather  becomes 
inclement. 

The  objects  principally  held  in  view  in  the  mani- 
fold attempted  improvements  in  beehives  are  the 
prevention  of  the  access  of  moths  to  the  hive,  and 
the  separation  of  the  portion  containing  the  spare 
honey  from  the  breeding  portion.  It  is  also  desir- 
able that  perfect  ventilation  and  ready  access  to  any 
part  of  the  hive  should  be  attained,  and  that  there 
should  be  no  difficulty  in  removing  the  surplus  honey. 

These,  and  other  considerations  involving  cheap- 
ness,  have  been  the  subjects  of  improvements  almost 
innumerable. 
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628  is  a  fair  illustration  of  one  favorite  form 
of  hive.    It  is  suspended 
Fig.  628.  by  cleats  on  the  sides. 

It  has  a  large  breeding- 
chamber  By  a  glass  door, 
and  a  sloping  floor  to 
carry  off  airt.  Above 
are  two  sliding,  remov- 
able boxes  a  a  for  the 
abstraction  of  honey 
without  disturbing  the 
contents  of  the  nmin 
chamber. 

Fig.  629  shows  the 
arrangement  of  mova- 
ble combs  in  a  box 
whose  sides  are  remov- 
able from  the  interior 
works.  The  upper  se- 
ries of  combs  are  for 
removal  of  honey. 
In  Fig.  630,  the 
Suspended  Beehive.  hinged    top    and    spare 

honey-box   compart- 
ments admit  of  being  lifted  from  the  lower  breeding- 
hive  ;  the  entrance 
Hg'  629.  to  the  lower  hive  is 

regulated  by  an  in- 
vertible  bee  -  trap 
with  swing -bars, 
by  which  the  size 
of  the  apertures 
may  be  cnanged. 
A  groove  is  cut  in 
the  bottom  for  a 
moth  -  trap,  which 
may  be  opened  by 
dropping  a  hinged 
lignting-board. 
Sectional  frames 
have  varying  gains 
on  their  different 
sides,  which,  by 
connection  with 
the  entrance-slot, 
may    prevent    the 

?ueen  or  drones 
rom  passing 
through  or  imped- 
ing the  passage  of 
the  workers. 

Bee 'hives, 
Bwarm-in'di- 
oa-tor  for.  {Hus- 
bandry.) An  ar- 
ran^ment  for  de- 
tecting the  gath- 
ering of  a  swarm 
\  previous  to  their 
i^  departure  in  quest 
of  other  homes  and 
pastures  new.  It 
IS  usually  an  alight- 
ing-board, so  ar- 
ranged as  to  cause 
an  alarm  when  a 
certain  weight  of  outlying  bees  has  accumulated  upon 
it,  —  this  being  their  habit  previous  to  flight. 

Many  of  the  improvements  in  hives  have  special 
reference  to  preventing  swarming,  by  division  of  the 
inmates  into  two  bodies  with  room  for  expansion  of 
each  party.  These  attempts  to  anticipate  or  defeat 
the  natural  inclinations  of  these  little  Hymenopteras 
are  only  partially  successful. 


Movable  Comb-Hive* 


Fig.  680. 


Kretchmer's  Beehive. 

Beer.  A  fermented  infusion  of  malted  grain,  to 
which  hops  is  usually  added. 

The  term  is  also  applied  to  beverages  made  of  in- 
fusions of  roots  and  nerbs. 

**  When  the  vine  would  not  grow  and  be  fruitful, 
Osiris  taught  the  inhabitants  to  make  drink  of  bar- 
ley, little  inferior  in  strength  and  pleasant  flavor  to 
wme  itself."  — Diodorus  Siculus  (60  b.  c). 

Hecatseus,  in  his  "Description  of  the  World,"  re- 
fers to  the  Egyptian  beer.  Sophocles  and  iEschylus 
also.     The  latter,  — 

"  And  after  this  he  drank  his  beer,  and  mnch 
And  loudlj  bragged." 

Athenffius  says  that  Thracians  and  Pseonians  drank 
of  barley-wine,  or  a  similar  drink  made  from  millet 
or  other  grain. 

"  Poly  bins  describes  the  palace  of  one  of  the  Sp^- 


ish  kings  as  being  [fumished  with]  huge  silver  and 
gold  goblets  full  of    ' 

AxHiENEUS. 


gold  goblets  full  of  the  wine  made  of  barley."  — 


"  Arist.otle  says  that  wine  of  grapes  is  stimulating, 
but  that  of  barley  has  a  tendency  to  stupefy."  — 
Ibid. 

Beer-cool'er.  {Brewing.)  a,  A  large  shallow 
vat  or  cistern  in  which  the  beer  is  exposed  to  the  air 
to  cool. 

b.  A  tub  or  cistern  in  which  beer  is  exposed  to 
cooling  influences  mechanically  exerted,  as  in  Fig. 

Fig.  681. 


Beer' Cooler. 


681,  in  which  air  is  driven  by  the  pump  A  through 
the  worm  6,  which  is  in  a  cistern  of  ice-cold  water^ 
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Wg'68Z.  and  escapes    in  jets 

through  the  beer  in 
vat  D,  d  is  a  safety- 
valve. 

In  another  form  the 
beer-vat  has  a  jacket 
in  which  ice-cooled 
water  circulates.  The 
devices  ai'e  numerous. 

Fig.  632  shows  a 
form  of  beer-cooler  in 
which  the  kegs  are 
kept  in  a  refrigerator ; 
the  ice  being  in  the 
upper  chamber,  the 
cooled  air  descends 
bygravity. 

Beer-fau'cet. 
For  draining  certain 
descriptions  of  beer  it 
is  desirable  to  foam  it, 
which  is  done,  when 
the  beer  has  not  life 
enough  of  its  own,  by 
means  of  a  piston 
which  ejects  air  along 
with  the  beer  into  the 
glass  or  pitcher.  As 
the  piston  descends, 
air  is  ejected  at  the  central  aperture,  mixing  with 

ng.  688. 


Beer- Cooler. 


Beer-Faueet, 

the  beer,  which  passes  out  at  the  annular  orifice 
around  the  air-opening. 

Beer-float  {Distilling, )  An  areometer  or  hy- 
drometer designed  to  ascertain  from  the  observed 
density  of  a  grain-wash  the  possible  yield  of  spirit 
thereftom.  The  scale  of  the  instrument  is  graduated 
to  indicate  directly  at  the  standard  temperature  the 
percentage  by  volume  of  proof-spirits  that  the  mash 
will  yield,  provided  the  fermentation  proceeds  to  a 
point  where  its  density  is  equal  to  that  of  water. 

BeeF-foun'tain.  A  form  of  pump  used  in  draw- 
ing beer  into  a  glass  for  immediate  consumption.  It 
generally  consists  of  a  lever  mounted  in  an  orna- 
mental stand,  and  connected  to  a  piston  in  a  pump 
which  raises  the  beer  from  the  cask  and  ejects  it  at 
the  faucet  by  the  lever. 

Beer^-hop^per.  A  vat  or  beck  in  which  the  infu- 
sion of  hops  is  made,  to  be  added  to  the  wort. 


The  hops  to  be  treated 
are  placed  upon  the  false 
bottom,  and  the  liquor 
is  then  introduced,  and 
steam  let  into  the  lower 
compartment.  Pipes  are 
provided  for  drawing  off 
the  liquid,  preventing  its 
overflow,  and  conducting 
the  aroma.  The  stirring 
device  is  removable,  to 
allow  the  false  bottom 
to  be  taken  out. 

Beer-ma-ohlne'.  A 
machine  consisting  of  a 
number  (say  three  to 
eight)  of  lift  or  force 
pumps,    which    connect 


Fig.  684. 


Beer-Hopper. 


with  as  many  casks  of  different  qualities  of  malt- 
liquor  in  a  cellar,  and  are  operated  by  oscillating 
handles  in  a  neat  case  at  the  counter  where  the 
liquor  is  drawn.  The  faucets  are  arranged  in  a  row 
over  a  sink  which  catches  the  drip.  The  affair  is 
one  of  the  polished  appointments  of  a  bar-room. 

Beer-yat  {Brevcnng. )  One  in  which  the  infu- 
sion of  the  malt  is  made,  constitutingthe  wort  or  sweet 
unfermented  liquid,  which,  with  the  added  infiision 
of  liops  and  the  resulting  fermentation,  becomes  beer. 

Bee'tax.  {Agriculture.)  An  instrument  for  par- 
ing turf. 

Bee'tle.  1.  A  heavy  mallet  or  wooden  hammer 
used  in  driving  wedges,  solidifying  the  earth,  etc. 
Also  called  a  maul.  The  handle  is  at  right  angles 
to  and  passes  through  the  head,  like  a  hammer ;  and, 
like  the  latter,  receives  a  swin^g  motion,  the  shoul- 
der being  the  center  of  vibration.  The  rammer,  on 
the  contrary,  receives  propulsion  in  the  direction  of 
its  length,  as  the  pavior's  rammer,  the  ramrod,  etc. 

The  beetle  was  used  by  the  Greeks  to  bruise  olives 
at  the  press. 

The  pavior's^  rammer  is  sometimes  made  so  laige 
as  to  be  operated  by  several  men.  Perhaps  it  was 
to  a  large  maul  that  Falstaff  referred  :  — 

"  If  I  do,  fllUp  me  with  a  three-man  beeUe.'' 

2.  {Cotton.)  The  beetling-machine  formerly  used 
in  cotton-mills  consisted  of  a  long  series  of  vertical 
stamps,  lifted  consecutively  by  studs  set  spirally  on 
a  horizontal  rotating  shaft,  and  coming  down  upon 
the  cloth  as  it  was  wound  upon  a  roller  rotated  slowly 
beneath.  The  action  is  similar  to'  the  ore-stamps  of 
the  mines. 

Bee'tle-head.  The  weight  oT'Tnonkey  of  a  pile- 
driver. 

Beet-root  Su'gar  Ma-ohln'er-y.  The  process 
consists  in :  — 

1.  Washing  the  roots  in  a  rotating  drum  of  laths 
submerged  in  a  cistern  of  water. 

2.  Itasping  to  a  pulp  by  a  hollow  studded  cylin- 
der, aeainst  which  the  roots  are  pressed,  a  jet  of 
water  keeping  the  drum  clear  of  the  pulp. 

3.  Pressing  the  pulp  in  woolen  ba^  m  a  hydrau- 
lic press  to  remove  the  saccharine  juice.  Pecqueur 
substitutes  a  force-pump  action  and  foraminated  cyl- 
indera  covered  with  wire-gauze.  The  cane-rolling 
mill  has  also  been  used. 

4.  The  i-esuHing  juice  is  heated  to  140',  defecated 
by  hydrate  of  lime,  filtered  and  evaporated  in  a 
vacuum-pan.  See  Condenser  ;  Evaporator  ;  Vac- 
uum-pan ;  Sugar-machinery  ;  Diffusion  Appa- 
ratus. 

Maceration  and  desiceation  have  each  been  tried 
with  some  degree  of  success.  The  first  notice  we  find 
of  the  making  of  beet»root  sugar  was  in  1747. 
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Achard's  (French)  process  made  the  manufkc- 
ture  a  success  in  1799. 

Napoleon  encouraged  it  when  the  English  cruisers 
destroyed  the  commerce  of  France,  and  cut  her  off 
from  her  sugar-producing  colonies. 

It  is  now  being  tried  in  I  llinois,  Utah,  and  California. 

Be-lay'ing-pin.  {Nautical.)  A  stout  pin  in  the 
side  of  a  vessel  or  round  the  masts,  used  for  fastening 
or  belaying  ropes. 

There  are  several  contrivances  for  belaying,  differ- 
ing especially  in  size.     We  may  cite  :  — 

Belaying-pin.  Cleat. 

Belaying-cleat.  Kevel. 

Belaying-bitt  Riding-bitt. 
Chess-tree. 

Bel'fry.  1.  A  warlike  machine  in  the  form  of  a 
tower,  formerly  used  in  sieges  as  a  cover  while  firing 
on  the  enemy. 

2.  (Architecture^  a.  A  tower,  either  forming  part 
of  a  building  or  aetached,  in  which  bells  are  sus- 
pended. 

h.  The  apartment  in  a  tower,  etc.,  in  which  the 
bells  are  placed. 

BelL  1.  a.  A  hollow,  cup-shaped,  metallic  ob- 
ject suspended  by  a  neck,  and  sounded  by  a  swing- 
ing clapper.  * 

0.  A  hollow,  metallic  sphere  sounded  by  a  loose 
ball  in  its  interior. 

BeUs  are  of  very  great  antiquity,  small  golden  bells 
heing  mentioned  in  Exodus  xxviii.  34,  as  forming, 
alternated  with  pomemnates,  ornaments  upon  the 
hem  of  the  hiffh-priest  s  robe.  Small  bells,  composed 
of  an  alloy  of  10  copper  and  1  tin,  were  found  by 
Layard  at  Nimroud. 

bells  {tintinnabiUum)  in  ancient  Greece  and  Rome 
were  of  various  forms,  hemispherical,  pyramidal, 
sometimes  like  the  modem  flaring  or  the  Chinese 
pattern.     They  also  used  flat  disks,  like  gongs. 

They  were  used  for  lustrations  ;  frames  with  bells 
of  varying  sizes  and  pitch  were  used  in  religious  ob- 
servances. They  were  hung  at  the  outer  doors  of 
houses,  as  often  to  notify  passers  that  somebody  was 
coming  out  as  that  some  one  awaited  leave  to  enter, 
for  the  doors  uniformly  swung  outward  into  the 
street.  They  were  used  to  awaken  the  family  or 
call  them  to  meals  (Seneca).  They  were  used  pub- 
licly in  the  camps  and  garrisons,  on  triumphal  cars, 
and  Plutarch  alludes  to  their  use  in  the  fisn-market ; 
they  were  also  carried  by  the  night-wafch.  They 
were  huns  upon  horses,  cattle,  and  sheep,  as  with  us, 
to  trace  tnem  in  case  they  should  stray.  According 
to  Pliny,  the  monument  of  Porsenna  was  decorated 
with  bells.  Lars  Porsenna,  of  Clusium,  he  who 
halted  at  the  Tiber,  was  contemporary  with  Daniel. 

After  this  statement  it  seems  futile  to  simply 
repeat  the  legends  of  the  introduction  of  bells  into 
Europe  in  the  fifth  and  sixth  centuries,  as  if  they 
were  then  a  new  thing. 

Sheep-bells  of  bronze  were  used  in  ancient  Italy, 
and  are  yet  preserved  in  the  Museum  of  Naples. 
Then,  as  now,  the  sheep  made  periodical  migrations 
from  their  lowland  winter  pastures  to  their  mountain 
summer  pastures,  like  those  subject  to  the  code  of 
laws  "La  Mesta"  of  Spain.  See  Merino.  Yarro 
refers  to  his  flocks  wintering  in  Apulia,  but  spending 
the  summer  on  the  mountains  of  Saranium. 

Bells  are  said  to  have  been  introduced  into  Chris- 
tian churches  about  A.  D.  400  by  Paulinus,  Bishop 
of  Nola,  in  Campania  ;  into  France  ab^ut  550.  They 
were  mentioned  by  Bede,  and  are  known  to  have 
been  used  in  England  prior  to  the  ^ear  700.  Bells 
were  first  cast  in  England  in  the  reign  of  Edmund, 
A.  D.  940. 


In  A.  D.  610,  Clotaire  II.,  king  of  France,  be- 
sieged Sens,  when  Lupus,  Bishop  ofOrleans,  ordered 
the  bells  of  St.  Stephen  to  be  rung.  The  sound  so 
frightened  Clotaire  that  he  gave  up  the  siege.  So 
they  say. 

Pope  John  IX,  ordered  bells  to  be  rung  as  a  de- 
fence aeainst  thunder  and  lightning,  a.  d.  900. 

All  the  bells  in  Europe  were  rung  in  1456,  by  order 
of  Pope  Calixtus  III.,  to  scare  away  Halley's  comet, 
which  was  supposed  to  be  in  some  way  identified 
with  Mohammed  II.,  who  had  just  taken  Constanti- 
nople.    The  comet  left,  but  Mohammed  stayed. 

Most  of  the  bells  of  Western  Europe  appear  to 
have  been  hand-bells,  of  which  some  curious  exam- 
ples are  still  preserved.  They  are  made  of  thin 
plates  of  hammered  iron,  bent  into  a  four-sided  form 
and  brazed  together  at  the  comers.  One  of  these, 
said  to  have  belonged  to  St.  Patrick,  is  preserved  in 
the  city  of  Belfast.  For  a  long  perioa  they  were 
made  of  comparatively  small  size.  One  in  a  church 
at  Orleans,  in  the  eleventh  century,  weighed  2,600 
pounds,  and  was  considered  as  remarkably  laige  at 
that  time. 

During  the  thirteenth  century  much  laiger  bells 
began  to  be  cast.  The  **  Jacqueline,"  at  Paris,  cast 
in  1800,  weighed  15,000  pounds  ;  one  cast  at  Paris 
in  1472  weighed  15,000  pounds ;  and  the  bell  of 
Rouen,  cast  in  1501,  weighed  over  36,000  jpounds. 

**  One  of  the  pieces  in  my  collection  which  I  the 
most  highly  value  is  the  silver  bell  [made  by  Ben- 
venuto  Cellini]  with  which  the  Popes  used  to  curse 
the  caterpillars,  —  a  ceremony,  I  believe,  now  aban- 
doned. Lahontan,  in  his  travels,  mentions  a  like 
absurd  custom  in  Canada,  the  solemn  excommunica- 
tion by  the  bishop  of  the  turtle-doves,  which  greatly  ' 
ii^ured  the  plantations.  For  this  bell  I  excnanged 
with  the  Marquis  of  Rockingham  all  my  Roman  coins 
in  large  brass.  The  rilievos,  representing  caterpQ. 
lara,  butterflies,  and  other  insects,  are  wonderfully 
executed."  —  Horace  Walpole. 

The  bell  known  as  the  **  Liberty  Bell,"  which,  on 
the  4th  of  July,  1776,  announced  the  signine  of  the 
Declaration  of  Independence,  was  cracked  while 
being  rung  in  honor  of  the  visit  gf  Henry  Clay  to 
Philadelphia,  and  since  then  has  been  on  exhibi- 
tion in  tnat  city,  together  with  other  Revolutionary 
relics.  The  following  inscription,  taken  from  Levit- 
icus XXV.  10,  surrounds  it  near  the  top  :  **  Proclaim 
liberty  throughout  the  land,  unto  all  tne  inhabitants 
thereof." 


The  Russians 
have  surpassed 
all  other  Euro- 
pean peoples  in 
the  size  of  their 
bells.  The 
great  bell  of 
Moscow,  cast  by 
theoideraofthe 
Empress  Anne 
in  1734,  was  by 
far  the  largest 
made  by  them, 
being  21  feet  in 
h  i  gh  t ,  and 
weighing  193 
tons.  It  re- 
mained sus- 
pended only  im- 
til  1737,  when 
it  fell  in  conse- 


ng.686. 


Cfreixt  Bett  qfMfstaie. 


quence  of  a  fire,  and  remained  partially  buried  in  the 
earth  until  1887,  when  it  was  raised,  and  now  forms 
the  dome  of  a  chapel  formed  by  excavating  the  earth 
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underneath  it     It  has  been  denied  that  this  bell 
ever  was  suspended. 

Saysacoirespondentof  the  "New  York  Observer": 
"  In  Russia  the  bell  is  an  instrument  of  music  for 
the  worshij)  of  God  as  truly  and  really  as  the  organ 
in  any  other  country.  This  is  the  key  to  what  would 
otherwise  be  diihcult  to  explain. 

"The  bell  is  a  medium  of  communication  with 
the  Infinite^  and  the  worship  of  a  people  and  an  em- 
pire finds  expression  in  the  majestic  tones  of  a  bell, 
and  it  ceases  to  be  a  wonder  that  a  bell  should  have 
a  tongue  which  requires  twenty-four  men  to  move, 
and  whose  music  sends  a  thrill  of  praise  into  every 
house  in  the  city,  and  floats  away  beyond  the  river 
into  the  plains  a&r. 

**  Moscow  is  the  *  holy  city  *  of  the  Greek  Church. 
Pilgrims  come  hither  from  thousands  of  miles  off,  and 
on  foot,  and  sometimes  without  shoes.  When  they 
draw  near  the  city,  and' on  the  evening  air  the  music 
of  these  holy  bells  is  first  borne  to  their  ears,  they 
fall  upon  their  faces  prostrate,  and  worship  Grod.  If 
they  could  go  no  fartner,  they  would  be  content  to 
die  there,  for  they  have  heard  the  bells  of  Moscow, 
and  on  their  mtg'estic  tones  their  souls  have  been 
taken  up  to  heaven  !  This  is  the  sentiment  of  the 
superstitious  peasant,  and  it  is  a  beautiful  sentiment, 
—  ideal,  indeed,  but  all  the  more  delicate  and  ex- 
alted. We  use  the  bell  simply  to  call  the  people  to 
the  house  of  worship  ;  they  speak  to  us.  Their  bells 
praise  God.  They  cast  their  silver  and  their  gold 
into  the  molten  mass,  and  it  becomes  an  offering,  as 
on  an  altar,  to  'Him  who  is  worshipped  with  every 
silvery  note  and  golden  tone  of  .the  holy  bell. 

**  Ascending  the  Ivan  tower,  we  find  on  three  suc- 
cessive stories  bells  to  the  number  of  thirty-four. 
Some  of  these  are  of  a  size  to  fill  one  with  astonish- 
ment had  he  not  seen  the  giant  below.  The  lai^est 
is  on  the  first  story  above  the  chapel,  and  weichs 
more  than  127,830  pounds.  It  swings  freely  and  is 
easily  rung.  I  smote  it  with  the  palm  of  my  hand, 
supposing  that  such  a  blow  could  not  produce  the 
slightest  vibration  in  such  a  mighty  mass  of  iron  ; 
but  it  rang  out  as  clear  and  startling  as  if  a  spirit 
within  had  resrionded  to  my  knock  without.  Two 
bells  are  of  solia  silver,  and  their  tones  are  exquisite- 
ly soft,  liquid,  and  pare.  It  was  exciting  to  go  from 
one  to  another  ana  strike  them  with  their  tongues 
or  with  your  hand,  and  catch  the  v.ariety  and  rich- 
ness of  their  several  melodies. 

"  I  had  come  down  from  the  Kremlin  to  my  lodg- 
ings, and>  wearied  with  the  wanderings  of  the  day, 
was  lying  on  the  bed  and  looking  out  on  the  city. 
It  is  just  before  sunset,  and  the  day  has  been  oppres- 
sively warm.  A  delicious  glow  from  the  gorgeous 
west  is  bathing  all  the  domes  and  roofs  with  splen- 
did colors,  and  silence  is  stealing  in  with  the  setting 
sun  upon  the  crowded  city.  It  is  the  eve  of  one  of 
the  most  holy  festivals  of  the  Greek  Church.  One 
vast  church  edifice  is  directly  in  view  of  my  window, 
and  but  a  short  way  off. 

"As  I  lie  musing,  from  this  church  near  at  hand 
comes  the  softest,  sweetest  tone  of  an  evening  bell.- 
Another  tone  responds.  A  third  is  heard.  The 
Ivan  tower  on  the  hight  of  the  Kremlin  utters  his 
tremendous  voice,  like  the  voice  of  many  waters. 
Then  all  the  churches  and  towers  over  the  whole 
city,  —  four  hundred  bells  or  more,  —  in  concert,  in 
hannony,  'with  notes  almost  divine,'  lift  up  their 
voices  in  an  anthem  of  praise  such  as  I  never  thought 
to  hear  with  mortal  ears,  waves  of  melody,  an  ocean 
of  music,  deep,  rolling,  heaving,  chancing,  swelling, 
sinking,  rising,  sounding,  overwhelming,  exalting." 

"Keeping  thne,  time,  time. 
In  a  aort  (^Bunk  rbyme." 


The  Chinese  have  likewise  produced  bellfl  of  colos- 
sal size,  one  of  which,  at  Pekin,  wsi^hs  130,000 
pounds ;  but  the  tone  of  their  bells  is  said  to  be  dis- 
cordant and  "panny,"  like  that  of  their  gongs. 

The  great  bell  of  Burmah,  at  a  temple  in  the  en- 
virons of  Amarapoora,  is  slung  on  a  triple  beam  cased 
and  hooped  with  metal,  and  resting  on  piers  of  brick- 
work. In  the  upper  part  are  visible  the  chains  of 
iron  around  whicn  the  metal  of  that  portion  was 
run,  to  stren^hen  it  at  the  point  of  suspension. 

Its  dimensions  are  as  follows  :  — 

External  diameter  at  the  lip .        .16  feet  8  inches. 
External  diameter  56  inches  above 

the  lip 10    " 

Interior  hight    .         .         .         .       11    "    6     " 
Exterior  h^ht       .        .        .        .  12   " 
Interior  diameter  at  top      .        .        8    "    6     " 

Thickness 6  to  12     " 

Weight,  about  ....      260,000  pounds. 

Klaproth  states  that  in  an  edifice  before  the  great 
temple  of  Buddha,  at  Jeddo,  is  the  laigest  bell  in 
the  world. 

"It  is  17  feet  2J  inches  in  hight,  and  weighs 
1,700,000  pounds  English.  Its  weight  is  conse- 
quently nearly  four  times  greater  than  the  great 
bell  at  Moscow,  and  56  times  larger  than  the  great 
bell  at  Westminster,  England." 

The  bell  suspended  from  a  tripod  and  hand-bells 
are  regular  accessories  in  Japanese  bands,  if  such 
they  may  be  termed. 

As  among  the  Slavonic  nations,  the  bell  is  the  great 
musical  feature  of  Tartarian  worship :  — 

**  The  Lamas  execute  a  kind  of  music  little  in  con- 
cord with  the  melodious  gravity  of  the  psalmody. 
It  is  a  stunning  noise  of  bells,  cymbals,  tamborines, 
conch-shells,  trumpets,  whistles,  etc."  —  AbbA  Hue, 
Travels  in  Tartary. 

The  Chinese  and  Mandshu  words  for  bell  are 
onomatopoetic,  being  respectively  tsictng-tsiang  and 
tang-tang. 

The  weight,  dimensions,  and  date  of  casting,  of 
some  of  the  lai^gest  bells  in  the  world  are  stated  to 
be  as  follows :  — 


Moscow  (Kremlin), 

Cast  in  1553    . 

Cast  in  1654 

Fell  in  1708. 

Recast  in  1783     . 

Broken  in  1737. 
Moscow  (St.  Ivan's) . 
Burmah  (Amarapoora) 
Pekin 
Novogorod 
Vieniia  (1711)     . 
Olmutz  . 
Rouen 
Sens 
Erfurth 
Westminster      ( "  Big 

Ben,"  1858)     . 
London  (Houses  of  Par- 
liament) . 
Paris    (Notre    Dame, 

1680) 
Montreal  (1847)       . 
Cologne 

New  York  (City  Hall) 
New  York  ( Fire-alarm, 

88d  Street)      . 
York  ("Great  Peter," 

1845)      . 


Weight. 
Pounds. 

Diameter. 
Ft.  In. 

Thkkneu 
Inches. 

86,000 
288,000 

482,000 

21. 

28 

127,880 
260,000 
180,000 

62,000 
40,200 
40,000 
40,000 
84,000 
80,800 

9.8 
8.6   ' 

80,824 

80,000 

28,672 
28,560 
25,000 
28,000 

8.6 
8.6 

8. 

7h 
H 

6ito7 

21,612 

lOi  tons 

8.8 
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Bruges 

Rome  (St.  Peters,  1680) 

Oxford  ("  Great  Tom," 

1680)       . 
Antwerp 

Exeter  (1675)       . 
Lincoln  ( *  *  Great  Tom, " 

1834)      .         .         .     _^  . _ 
London  (St. Paul's,  1709)  11,470 


Weight. 
Poandfl. 
23,000 
18,600 

18,000 
16,000 
5^  tons. 

5i  tons. 


Diameter. 
Ft.  In. 


Thicknea 
Inches. 


7.1 

6.8 

6.8 
6.7 


6i 


Fig.  636  represents  a  bell  having  a  rotatable  clap- 
per.    The  various  parts  are  — 

Bf  clapper  or  tongne. 
Big.  688.  C,  clani)er-bolt. 

Z>,  yote. 
Ff  canon  or  ear. 
Mf  mouth. 
P,  sound-bow. 
S,  shoulder. 
r,  barrel. 

Cattle  and  8?ieep  bells 
are  cast,  or  are  made  of 
wrought-metal  by  being 
doubled  over  at  the  angles 
or  cutting  and  brazing. 
Each  cames  its  clapper. 
Harness  and  sleigkheWs 
Bell.  are   sometimes    made  as 

others,  with  a  suspended 
clapper  in  the  usual  bell-shaped  article,  but  are  gen- 
erally hollow  spheres 
with  perforations, 
and  contain  globes 
of  iron  which  have 
free  play  and  give  a 
sharp  jingle  rather 
than  a  sonorous  and 
prolonged  note. 

Call  bells  are  used 
for  the  table  or  desk 
to  summon  a  servant 
or  messenger  in  the  in 
vicinity.  ^ 

Chimes^  or  peals 
of  bells,  are  of  very 
ancient    date,    the 

iirst  chime  introduced  into  England  having  been  put 
up  at  Croyland  Abbey,  a.  d.  960,  and  to  this  day 
that  country  is  noted  for  the  number  and  variety 
of  its  peals  of  bells,  which  are  an  institution  of 
almost  every  village  church. 

The  makmg  and  aiTangement  of  a  suit  of  bells  to 
constitute  a  perfect  chime  is  a  matter  of  considerable 
difficulty.  The  tone  of  a  bell  depends  coiyointly  on 
its  diameter  and  thickness,  a  small  or  thick  bell 
yielding  relatively  a  more  acute  sound  than  one 
which  IS  lai^ger  or  thinner,  owing  to  the  greater 
rapidity  of  the  vibrations  of  the  metal.  The  founder 
endeavors  to  regulate  the  diameter  and  thickness  so 
as  to  produce  a  certain  note  in  each  bell  of  a  set  of 
chimes  ;  but  as  this  is  difficult  to  be  attained  by  the 
mere  operation  of  casting,  it  is  generally  necessary 
to  remove  some  of  the  metal  afterwards  to  produce 
a  perfect  note,  by  either  reducing  the  diameter  at 
the  lower  edge  when  the  note  is  too  low,  or  reducing 
the  thickness  of  the  part  struck  by  the  clapper  when 
too  sharp.     See  Chime. 

The  thickest  part  of  the  bell  is  that  struck  by  the 
clapper,  and  is  called  the  sound-bow.  Among  the 
German  bell-foundere  this  is  taken  as  the  unit  of 
construction,  and  being  considered  as  =  1,  the  most 
approved  proportions  are :  diameter  at  the  mouth, 
a=  15 ;  diameter  at  the  top,  =  7i ;  hight,  =^  12 ;  and 


the  weight  of  the  clapper  =  ^  of  the  weight  of  the 
bell. 

The  casting  of  small  or  house  bells  is  performed  in 
a  manner  similar  to  that  of  other  small  brass  or 
bronze  castings ;  but  with  the  larger  bells,  furnaces 
capable  of  melting  large  quantities  of  metal  are  re- 
tjuired.  For  very  large  bells  the  mold  is  usually 
constructed  in  a  pit  in  the  vicinity  of  the  furnace. 
The  core  is  rough  brick -work  covered  with  layers  of 
clay  and  horse-dung,  turned  to  shape  by  a  templet. 
This  being  dried,  a  ** model**  of  earth  and  hair  is 
laid  ou,  being  the  exact  counterpart  of  the  future 
bell.  A  third  and  heavy  shell  is  laid  over  the  model, 
and  when  dry  is  lifted  from  the  model,  some  parting 
dust  having  been  sprinkled  over  the  model  before 
applying  the  material  of  the  outer  shell.  The  model 
is  now  cut  away  from  the  core  and  the  shell  replaced, 
leaving  a  spa<ie  between  the  shell  and  the  core  the 
exact  torm  and  size  of  the  bell.  The  pit  being  filled 
around  the  shell,  the  metal  is  run  into  the  mold. 

Fiff.  637  shows  a  device  for  molding  bells.  The 
templets  or  sweeps  D  D'  each  turn  on  a  guide-pin  rf, 
passmg  through  an  opening  in  the  inner  and  outer 
cases  A  B  respectively,  which  have  lips  a  b  around 
their  lower  i>eripheries,  serving  as  guides  to  the 
sweeps,  and  also  relieving  the  loam-mold  from  press- 
ure when  the  two  cases  are  brought  together. 

The  ntolds  previously  described  do  not  afibrd  ade- 
quate pro\asion  for  the  escap  of  confined  air  and 
^ses,  and  the  casring  is  liable  to  be  porous.  An 
improved  method  consists  in  the  employment  of  per- 

Flg.  687. 


BO^MM. 

forated  metallic  flasks  corresponding  to  the  interior 
and  exterior  surfaces  of  the  bell,  and  accurately  cen- 


rig.688. 


tered  to  each  other  by  a  ver- 
tical guide.  The  outer  flask 
is  coated  internally,  and  the 
inner  one  externally,  with  a 
mixture  of  loam  and  combus- 
tible matter.  The  combusti- 
ble matter  is  burnt  out  by  the 
heat  of  the  molten  metal,  al- 
lowing this  to  shrink,  and  pre- 
ventingtheoccurrence  of  what 
is  known  as  a  fire-crack  or 
strain  ;  and,  the  perforated 
flasks  being  above  gix)und, 
free  escape  is  permitted  to 
the  gases. 

This  arrangement  is  shown  ^^^ 

m  Fig.  638. 

2.  The  mouth  of  a  funnel  or  trumpet.  The  pavil- 
l<m  (Ft.). 

Bell-buoy.  (yatUieal.)  One  to  which  a  beU 
is  so  attached  as  to  be  rung  by  the  motion  of  the 
wi^ves. 

Bell-crank.  (Machinery.)  A  rectangular  lever 
having  its  fulcrum  at  the  apex  of  the  angle,  by  which 
the  direction  of  a  motion  is  changed  90**.     Ita  pri- 
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mary  application  was  for  ringing  beUs, 
hence  the  name ;  but  it  is  applicable 
to  many  other  purposes  where  a  power  is 
to  be  exerted  upon  a  weight  in  a  direc- 
tion of  90"  from  it 
Bell-glasB.  (Glass,)  A  bell-shaped 
BeU^Oank.  glass  vessel,  open  at  bottom,  and  having 
a  knob  on  top  for  convenience  of  hand- 
ling. It  is  used  in  connection  with  an  air-pump,  by 
which  the  air  may  be  exhausted  from  it ;  also  for 
holding  gases  to  be  experimented  upon. 

B^L-met'al.  An  alloy  composed  of  copper  and 
tin,  either  alone  or  with  the  addition  of  a  greater  or 
less  proportion  of  other  metals,  usually  zinc  and  lead. 
It  is  a  species  of  bronze,  and  from  its  hardness  and 
sonorousness  is  better  adapted  than  any  other  metal 
for  the  purpose  from  which  it  derives  its  name.  76 
parts  copper  to  25  tin  is  a  usual  proportion,  but  its 
constituents  vary  from  60  copper,  83  zinc,  and  17 
,  tin,  to  80  copper,  10  tin,  6  zinc,  and  4  lead  ;  some- 
times the  proportions  72  copper,  26.5  tin,  and  1.6 
iron  have  been  employed.  The  proportion  78  copper 
to  22  tin  is  generally  reco^ized  in  commerce. 
Other  approved  proportions  are  given  below. 

For  Indian  gongs . 
Church  and  large  bells 
House  and  hand  bells  . 
Paris  clock  bells 
Clock  bells  . 
Repeating- watch  bells 
Overmans    . 
Ancient  Assyrian  bells 

•*  In  some  cases  two  metals  were  used  without  al- 
loying ;  iron,  for  instance,  being  overlaid  partially 
or  wholly  with  bronze."  —  La  yard. 

Bellows.  {Pneumatics.)  A  device  for  forcing  a 
stream  of  air,  usually  as  a  means  of  uri^ng  a  fire. 

Bellows  were  used  in  Egypt  in  the  time  of  Thoth- 
mes  III.,  1490  B.  c,  and  are  represented  on  a  tomb 
bearing  the  name  of  that  Pharaoh. 

A  pair  of  leathern  bags  or  cylinders,  attached  to 
disks,  were  alternately  inflated  and  compressed, 
during  the  latter  action  driving  air  by  a  pipe  to 
the  tire.  The  cut  is  from  the  tomb  referred  to,  and  the 

Fig.  640. 


Copper. 

Tin.  Iron. 

Zlno. 

100  20-25 
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boards  joined  by  a  piece  of  leather,  was  early  known 
to  the  Greeks  and  Komaus.     See  Fig.  145. 

In  the  SpirUalia  of  Hero,  150  b.  c,  is  described 
a  steam-boiler  from  which  a  hot-air  blast,  or  hot  air 
mixed  with  steam,  is  blown  into  the  fire,  and  from 
which  hot  water  flows,  or  cold  is  introduced. 
•  Double  foot-bellows,  and  duplicate  pipes  to  the  iron 
furnace,  with  four  tuyeres,  are  shown  in  the  paint- 
ings of  Kouma,  Thebes.  The  blow-pipe  and  tongs 
in  connection  with  a  smelting-fumace  in  the  same 
place. 

The  mention  of  the  burning  of  the  bellows  in  Jere- 
miah vi.  29,  seems  to  have  been  in  connection  with 
lead  and  silver  smelting  and  refining.  This  is  a 
common  combination  of  metals  in  ores. 

Sti-abo  ascribes  the  invention  of  the  bellows  to 
Anacharsis  the  Scythian,  who  was  coeval  with  Solon. 
The  anchor  and  the  potter's  wheel  are  also  ascribed 
to  this  man  by  Pliny,  Seneca,  and  other  Romans  ; 
the  declaration,  however,  is  quite  inadmissible  as'  to 
the  potter's  wheel,  and  equally  untrue  as  to  both 
the  bellows  and  the  anchor.  Homer  mentions  the 
potter's  wheel,  and  it  was  used  in  Egypt  one  thousand 
years  before  Homer.  On  the  walls  of  the  tombs  of 
ancient  Egypt  are  painted,  Ptah,  the  Creator,  and 
Neph,  the  Divine  Spirit,  sitting  at  the  potter's  wheel 
turning  clay  to  form  men. 

Among  the  ancient  forms  of  bellows  may  be  cited  : 

Skins  of  animals  sewed  up  to  form  bags,  and  used 
in  a  manner  analogous  to  the  bellows  of  the  bagpipe. 


Fig.  641 


Egyptian  Bdlows  ( Ttubes). 

men  are  shown  working  the  bellows  with  the  feet  and 
hands,  throwing  the  weight  on  the  bags  alternately, 
and  lifting  with  a  cord  the  one  which  is  just  exhaust- 
ed ;  the  other  man  is  holding  the  rod  or  metal  in  the 
fire.  The  oldest  form  of  wind-bag  was  probably  the 
skin  of  an  animal  sewed  up,  or  else  a  wooden  reed 
with  a  piston  like  that  of  a  popgun,  until  tubes  were 
bored  out  of  wood  or  made'  of  a  ring  of  bark  taken 
from  a  tree.     Our  common  bellows,  consisting  of  two 


Japanes*  EUukamUk's  Bdlows. 

Two  such  skins  used  alternately  would  give  a  contin- 
uous blast  :  such  was  the  ancient  Roman  foige-bel- 
lows. 

A  pair  of  hollow  cylinders,  made  of  bamboo  or 
hollow  logs,  and  having  pistons  actuated  by  manual 
power. 

A  pair  of  large  calabashes  con- 
nectea  by  two  reeds,  and  having 
large  openings  at  the  top,  covered 
by  tubes  of  soft  goatskin,  which  are 
closed  down  alternately. 

A  cylindrical  bag  of  soft  skin 
closed  at  the  ends  by  two  wooden 
,    disks,  by  which  it  was  opened  and 
/    closed  like  a  Chinese  lantern.    This 
device  in  its  duplicated  form,  to 
render  the  blast  continuous,  is  still 
used  in  Europe  and  South  America. 
The  Japanese  bellows  consists  of 
a  box  a,  with  a  reciprocating  pis- 
ton by  and  two  eduction-tubes  c  c, 
5  leading  from  the  respective  ends  of 
-  the  box  to  the  fire.     Our  illustra- 
tion does  not  indicate  the  valves  in 
the  tubes  to  prevent  reflux  of  air, 
nor  the  air-induction  openings.     The  artist  leaves 
them  to  be  supposed,  which  is  not  difficult  to  do. 

The  smelting  of  the  ferruginous  sand  of  the  Non- 
kreem  VaUey,  on  the  confines  of  English  India,  is 
very  rudely  carried  on  in  charcoal  fires  blown  by 
double-action  bellows,  worked  by  two  persons,  who 
stand  on  the  machine,  raising  trie  flaps  with  their 
hands  and  expanding  them  with  their  feet,  as  shown 
in  the  cut.    There  is  neither  furnace  nor  flux  used 
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in  the  reduction.  The  fire  is  kindled  on  one  side  of 
an  upright  stone  (like  the  head-stone  of  a  grave),  with 
a  small  arched  hole  close  to  the  ground  ;  near  this 

Fig.  0«2. 


tain  by  whom  they  were  invented.     I^bsinger  of 
Nuremberg  (1550),  and  Schelhom  of  Schmalebuche, 
in  Coburg  (1630),  are  cited  as  having  introduced 
them. 

They  are  described  in  a  work  by  Reyner, 
professor  at  Kiel,  1669,  as  being  "pneumatic 
chests,"  and  as  consisting  essentially  of  a 
lid  moving  in  a  closely  fitting  box.  In  an- 
other form  we  find  that  two  ^xes  were  used, 
one  fitting  closely  within  the  other,  and  the 
two,  being  perhaps  quadrantal  segments  of 
cylinders,  were  hinged  together  so  that  the 
movable  one  vibrated  on  the  common  axis. 

The  ordinary  bellows  in  its  simplest  form 
consists  of  two  flat  boards,  usually  of  trian- 
gular shape,  each  having  a  projecting  han- 
dle ;  and  between  the  b(»rds  are  two  or  more 
hoops  bent  to  the  figure  of  the  bellows.  A 
piece  of  leather  is  nailed  to  the  edges  of  the 
boards,  partially  infolding  the  hoops,  and 
forming  an  inclosed  chainber,  which  is  en- 
larged or  contracted  by  raising  the  upper 
board  while  the  lower  one  remains  stationary. 
The  lower  board  has  a  metallic  pipe  attached 
and  a  valve  in  its  center,  opening  upward, 
which  rises  when  the  upper  board  is  raised^ 
admitting  air  into  the  chamber,  which  is,  ex- 
pelled through  the  pipe  by  depressing  the 
upper  board  ;  this  arrangement  does  not  af- 
forcl  a  continuous  blast,  the  air  issuing  in 
pufi's,  and  accordingly  the  smith's  bellows  is 
fui-nished  with  a  tnird  board,  of  the  same 
shape  as  the  other  two,  connected  to  the  low- 
er board  by  a  piece  of  leather,  and  dividing 
the  bellows  into  two  similar  chambers  con- 
nected by  a  valve  opening  upward  ;  the  blast- 
pipe  is  connected  to  the  middle  board,  issu- 

Flg.  644. 
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hole  the  bellows  are  suspended  ;  bamboo  tubes  from 
each  of  its  compartments  meet  in  a  larser  one,  by 
which  the  draft  is  directed  under  the  nole  in  the 
stone  to  the  fire. 

The  ore  is  run  into  lumps  as  large  as  two  fists,  with 
a  rugged  surface  ;  these  lumps  are  afterward  cleft 
nearly  in  two  to  show  their  purity. 

Fig.  643  shows  a  bellows  employed  by  the  Fou- 
lah  blacksmiths  on  the  west  coast  of  Africa.     It  con- 
sists of  two  calabash- 
^•6*8.  es  connected  togeth- 

er by  two  hollow 
bamboos  or  reeds  in- 
serted into  their  sides 
and  united  at  an  an- 
gle to  another  which 
leads  to  the  fire.  A 
lai-ge  opening  is  made 
in  the  top  of  each 
calabash,  and  a  cylin- 
drical bag  of  soft 
goatskin  stitched  or  otherwise  secured  around  the 
edges.  The  workman  seats  himself  on  the  ground, 
and,  placing  the  machine  between  his  legs,  grasps  the 
ends  of  the  bags,  and  by  alternately  raising  each 
with  the  mouth  open  and  pushing  it  into  the  cala- 
bash when  closed,  the  contained  air  is  forced  into 
th«  tubes  and  a  continuous  blast  maintained. 

Wooden  bellows  were  known  in  Germany  in  the 
middle  of  the  sixteenth  century,  but  it  is  not  cer- 


FOviak  BeUows. 


ing  from  the  upper 
chamber.  The  low- 
er  board  is  held 
down  by  a  weight, 
and  a  weight  is  dso 
attached  to  the  up- 
per board.  In  work- 
ing the  bellows  the 
middle  board  is 
raised,  drawing  the 


Forge-BeUmcs. 


air  through  the  valve  into  the  lower  cavity,  and  the 
descent  of  the  board  forces  it  into  the  upper  cavity, 
the  valves  preventing  its  return,  and  the  weight,  de- 
pressing   the  _ 
upper   board,                            ng.  ote. 
forces  the  air 
out    through 
the  pipe  in  a 
continuous 
blast ;  the  as- 
cent   of    the 
middle  board 
fills  the  lower 
cavity,   while 
its       descent 
fills  the    up- 
per cavity,  the 
irregular  puff- 
ing action  be- 


Otd  Konum  Ijomp. 


ing  confined  to  the  lower  cavity  of  the  bellows  ;  the 
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blast  is  however,  though  continuous,  not  quite  reg- 
ular, as,  when  the  air  is  forced  into  the  upper  cavity, 
-  there  is  an  excess  of  pressure  over  the  pressure  dur- 
ingthe  descending  motion  of  the  lower  board. 

The  smith's  bellows  is  worked  by  means  of  a  rocker 
with  a  cord,  chain,  or  rod  attached.  By  drawing 
down  the  handle  b  of  the  rocker  the  movable  board 
rises,  forcing  the  air  through  the  valve  into  the  up- 
per chamber ;  the  weight  on  the  board  c  forces  the 
air  out  through  the  pipe  d  to  the  fire  on  the  forge- 
hearth. 

Fig.  645,  from  an  ancient  Roman  lamp,  is  an  ex- 
act counteqMirt  of  the  modem  domestic  bellows. 

Various  machine-worked  bellows  have  been  in- 
vented, but  generally  those  which  rise  to  the  dignity 
of  machines  lose  the  pulsative  character  and  have 
come  to  be  called  blowers. 

In  Fig.  646  the  Y-shaped  bottom  is  pivoted  in  the 
middle,  and  has  a  rocking  motion  imparted  by  lever 

Fig.  646. 


Bello'wv-oain'e-ra.  {Photography.)  A  form 
of  expanding  caniei-a  in  which  the  front  and  after 
bodies  are  connected  by  an  expansible  portion,  like 
the  sides  of  a  bellows  or  accordeon. 

Beriows-pump.  (Hydraulics.)  A  form  of  at- 
mospheric pump  in  which  the  part  of  the  piston  is 
played  by  the  upper  leaf  of  the  bellows.  The  cut 
IS  from  Vegetius  ;  Erffurt,  1511. 

The  &a^-pump  and  diaphragm'^vaap  are  other 
forms. 

Bell-pull  The  knot  and  attached  cord,  or  series 
of  wires  and  bell-crank  levers,  by  which  a  house-bdl 
is  caused  to  strike. 

Bell-ring'er.  In  England  each  bell  of  a  chime 
is  provided  with  a  yoke  and  wheel,  and  is  oscillated 
in  the  usual  manner,  a  ringer  being  required  for  each 
bell. 

In  this  country  they  are  usually  mounted  station- 
arily,  except  the  tenor,  and  rung  by  means  of  cords 

Fig.  648. 


Bellows. 


Xj  treadle  F,  or  pulley  with  fly-wheel  B  Z,  either 
affording  a  continuous  blast.  See  also  Bloweb; 
Battkry-foroe,  etc. 

A  blowing-engine  in  which  the  blast  of  air  is 
supplied  by  a  falling  column  of  water. 


Bdloma-Pitmp. 


BeO-Rimger. 

attached  to  the  clappers  and  led  to  the  ringer's  room 
below,  where  they  are  connected,  in  the  order  of  the 
notes,  with  lever-handles  b,  so  arranged  that  the  bells 
may  all  be  chimed  by  one  person.  The  tenor-bell  is 
provided  with  mountings  for  swinging,  in  order  that 
it  may  be  rung  as  an  ordinary  church-bell,  and  is 
usually  placed  in  the  center  of  the  bell-room,  the 
others  being  grouped  about  it  in  such  relative  ^osi- 
tionsas  will  most  aavantageously  distribute  the  weight 
and  allow  the  best  arrangement  of  the  ringing-cords. 

Among  the  devices  for  the  mechanical  ringing  of 
bells  may  be  cited  steam  acting  upon  a  piston  to  vi- 
brate the  clapper  ;  air  acting  upon  vanes  to  move 
a  pitman  connected  to  the  clapper  or  the  axis  of  the 
bell ;  springs  released  to  cause  a  certain  number  of 
pulsations  to  give  a  specific  alarm  set  in  operation  by 
the  touch  of  a  trigger.     See  Chime. 

Bell-4»l'e»graph.  A  form  of  apparatus  invented 
by  Sir  Charles  Bright,  in  which  the  signals  are  given 
by  strokes  upon  two  bells  of  different  pitch,  one  of 
which  represents  the  movements  of  the  needle  to  the 
left  and  the  other  to  the  right. 

Bell-trap.  (Pneumatiea.)  One  form  of  air  or 
stench  trap  to  prevent  the  reflux  of  foul  air  from 
drains.  It  consists  of  an  inverted  cup  whose  edges 
are  submerged  in  the  water  of  a  basin  which  over- 
flows into  the  drain.  This  permits  an  overflow  of 
water,  but  prevents  a  reflux  of  air.    See  Air-trap. 
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Belly.  The  front  or  lower  Hurface  of  an  object ; 
as  — 

(BaUtoay  Bngineering.)  The  belly  of  a  railway 
rail ;  a  descending  flange  between  bearings. 

(Mitsie,)    The  front  of  a  musical  instrument. 

{Engraving.)    The  lower  edge  of  a  graver. 

( Wheeliarighting. )  The  wooden  covering  of  an  iron 
axle. 

The  rounded  surface  of  an  object ;  as  of  a  bottle, 
retort,  etc 

(Metallurgy.)  The  upper,  rounded  part  of  the 
boshes. 

(ArchiUetwre.)    The  batter  of  a  wall. 

{Nautical, )    The  swell  of  a  saiL 

( Shipwrighting. )  The  hollow  of  a  compass-timber ; 
the  convexity  of  the  same  is  the  hack. 

(Ma^incry.)  A  swell  on  the  bottom  surface  of 
anything ;  as,  a  depending  rib  beneath  a  grate-bar, 
iron  beam,  or  girder,  to  strengthen  it  from  downward 
deflection  between  supports. 

{Saddlery.)  A  piece  of  leather  attached  to  the 
back  of  the  cantle,  and  forming  a  point  of  attach- 
ment in  some  saddles  for  valise-straps. 

The  unburnt  side  of  a  slab  of  cork. 

{LocksinUhinq.)  The  lower  edge  of  a  tumbler 
against  which  the  bit  of  the  key  plays. 

Belly-band.  1.  (Saddlery. )  The  strap  which 
•goes  beneath  the  belly  and  is  buckled  to  the  ends  of 
the  back-band,  completing  the  girth. 

2.  (Nautical.)  A  strengthening  strip  of  canvas 
half-way  between  the  close-reef  and  the  foot. 

Belly-brace.  (Steam- Engine.)  A  cross-brace 
stayed  to  the  boiler  between  the  frames  of  a  locomo- 
tive. 

Belly-raiL  (Hailroad  Engineering.)  A  railroad 
rail  with  a  fin  or  web  descending  between  the  por- 
tions which  rest  on  the  ties.  It  is  seen  in  the  im- 
proved Penrhyn  rail,  1805  ;  also  ill  Stephenson  and 
Losh's  Patent,  1816. 

Belly-rolL  (Agriculture.)  A  roller  with  a  pro- 
tuberant midlength,  to  roll  the  sloping  sides  of  adja- 
cent lands  or  ridges. 

Belt.  1.  (Machinery.)  A  strap  or  flexible  band 
to  -communicate  motion  from  one  wheel,  drum,  or 
roller,  to  another.  Belts  are  made  of  leather,  gutta 
percha,  caoutchouc,  wire,  woven  fabric,  and  other 
materials. 

Two  leathern  belts  have  lately  been  made  in  Paw- 
tucket,  composed  of  two  thicknesses  of  leather  firmly 
cemented  together,  without  a  stitch,  rivet,  or  peg  in 
either  of  them,  and  are  half  an  inch  thick.  The 
larger  of  the  two  was  made  from  64  lai^e  ox-hides, 
is  136  feet  long,  48  inches  wide,  and  weighs  1,000 
pounds.  The  other  is  87  feet  long,  36  inches  wide, 
and  weighs  475  pounds. 

The  ratio  of  friction  to  pressure  for  belts  over 
wood  drums  is,  for  leathern  belts,  when  worn,  .47  ; 
when  new,  .5  ;  and  when  over  turned  cast-iron  pul- 
leys, .24  and.  27. 

A  leathern  belt  will  resist  a  strain  of  850  pounds 
per  square  inch  of  section,  and  a  section  of  .  2  of  a 
square  inch  will  transmit  the  equivalent  of  a  horse- 
power at  a  velocity  of  1,000  feet  per  minute  over 
a  wooden  drum,  and  .4  of  a  square  inch  over  a  turned 
cast-iron  pulley. 

A  vulcanizea  india-rubber  belt  will  sustain  agreater 
stress  than  leather,  added  to  which  its  resistance  to 
slipping  is  from  50  to  85  per  cent  greater. 

2.  (Masonry.)  A  range  or  course  of  stones  or 
bricks  projecting  from  the  rest,  either  plain  or  fluted. 

Belt-olaap.  (Joint.)  A  device  for  attaching  the 
ends  of  belting  together  so  as  to  form  a  continuous 
band.     See  Belt-coupling. 

Belt-ooupling.     (Machinery.)     A  device  for 


joining  together  the  ends  of  one  or  more  bands  or 
belts.  This  is  commonly  effected  by  cutting  or 
punching  holes  near  the  two  extremities  to  be  joined, 
and  lacing  them  together  by  thongs  of  lacing-leather 
or  calfskin.  Many  special  devices  have  been  con- 
trived to  dispense  with  lacing,  for  which  see  also 
Buckle. 

In  the  figure,  A  represents  a  coupling  in  which 
the  ends  of  the  belt  b  are  secured  by  eyelets  or  rivets 
between  bent  me- 
tallic  straps    a,  Fiff.6i9. 
which       form 
leaves  of  a  hinge 
e.   A  pintle  pass- 
es   through   the 
eye  of  each  por- 
tion of  the  hinge. 

For  the  round 
belts  of  foot  and 
hand  lathes,  a 
figure- 8  hook  B 
is  used  for  a  coup- 
ling, or  a  couple 
of  sockets  C,  into 
which  the  ends 
of  the  belt  are 
inserted,  and 
which  have  a 
h6ok  and  eye  re- 
spectively. 


BtU'CoupHmg. 


For  fiat  belts  in  which  lacing  is  not  deemed  advis- 
able, the  ends  may  be  joined  by  hooks  inserted  from 
alternate  sides  and  hammered  flat  as  at  D. 

Other  modes  of  coupling-belts  are  to  be  found ;  some 
involving  hooks  E,  and  othera  lapping-plates  F, 
Other  forms  approach  the  buckle  and  various  peculiar 
interlacing  devices,  such  as  curved  bars  of  metal  O, 
slotted  plate  and  toggle-jaws  iT,  or  rivets  which 
pass  through  the  out-turned  end  of  the  belt,  as  at  /. 

Z  is  a  tie  in  which  a  plug  with  two  grooves  is  made 
the  means  of  connection  ;  the  belt  is  tubular,  and  the 
respective  ends  are  throttled  by  wires  into  the  grooves 
of  the  plug. 

Belt-ont'ter.  a.  A  machine  or  tool  for  slitting 
tanned  hides  into  strips  for  belting.  In  a  machine 
for  this  purpose  the  knives  are  set  at  gaged  distances 
apart,  or  the  knife  at  a  gaged  distance  from  the  gov- 
erning edge,  and  the  leather  passed  along  below  the 
knife,  or  conversely. 

h.  A  tool  for  this  purpose  has  a  fence  which  runs 
along  the  governing  edge,  and  a  cutter  adjustable  to 
the  required  distance,  equal  to  the  width  of  the  strip 
desired.  Such  tools  are  used  by  harness-makers  for 
cutting  out  lines  and  straps  for  harness.  See  Gage- 
knife. 

c.  An  implement  for  preparing  belts  for  being  laced 


B^  Cutter. 


or  coupled.   That  shown  combines  a  cutting-blade  b, 
punch  0,  awl  n,  and  pliers  k  m. 

Belt'ing.  (Machinery.)    A  flexible  band  for  com- 
municating motion.    See  Belt. 
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Belts  are  made  of  leather,  india-nibber,  gutta- 
percha, hempen  roiie,  webbing,  etc. 

A  belt  is  said  to  be  quartered  when  it  passes  around 
pulleys  whose  axes  are  at  right  angles  to  each  other, 
as  at  b. 

Belts  crossed  so  as  to  run  the  pulleys  in  opposite 
directions  are  said  to  be  crossed  or  halved  (a,  Fig. 
651). 
A  haTtd  is  a  flat  belt. 

e  d  (Fig.  651)  are  respectively  side  and  end  eleva- 
tions of  a  driving 
fig*  651  and  driven  pulley, 

/«^  moving  in  the  same 
^  direction,  the  rela- 
0  tive  speed    being 
I  proportionate     to 
I  I      their      respective 
radii. 
a  shows  the  belt 


causmg 
the  driven  pulley 
B  to  move  in  a 
direction  opposite 
to  that  of  the  driv- 
er A. 

Drums  and  Belts.  llih  b  two  pul- 

leys C  and  D, 
driven  immediately  from  Ay  are  caused  to  rotate  in 
reverse  directions  by  means  of  a  guide-pulley  By  un- 
der which  the  band  passes. 

e  shows  a  mode  ofdriving  two  pulleys  from  a  sin- 
gle driver  by  one  belt. 

*  India-rubber  belting  is  prepared  by  folding  rubber 
doth  to  a  sufficient  thicKness  and  desired  width. 
The  folded  stuff  is  then  placed  in  a.^fUU-press,  and  sub- 
jected to  a  steam-heat  of  280**  Fahr.  to  vulcanize 
the  rubber  and  blend  all  the  plies  into  one. 

Artificial-leather  belting  is  made  of  leather  scraps 
and  shavings  washed  in  alkaline  water,  pulpe4  with 
gelatinous  and  resinous  substances,  vegetable  fiber, 
and  bullock's  blood. 

When  properly  pulped,  the  same  may  be  run  off 
on  an  ominary  paper-machine  or  between  rollers, 
and  doubled  to  a  proper  thickness,  and  may  be  used 
either  with  or  without  farther  preparation  by  ja- 
panning, stitching,  or  water-proof  applications.  The 
belting  is  usually  subjected  to  a  high  temperature  of 
heat,  to  set  the  gluten  and  other  resinous  properties. 

A  form  of  belting  called  angular  belting  has  been 
lately  introduced,  which  has  riveted  on  the  working 
side  of  the  continuous  plies  of  the  belt  a  series  of 
rectangular  truncated  pyramids  of  leather.  The  sides 
of  the  pyramidal  frustums  have  an  angle  of  about  60*" 
with  the  belt  in  the  example  at  the  American  Insti- 
tute Fair,  1872;  but  this  would  probably  vary  with 
the  diameter  of  the  pulley  over  which  these  bell-sJioes 
were  designed  to  be  lapped. 

Leather  belting  is  ordinarily  prepared  in  the  fol- 
lowing manner :  both  oak  and  hemlock  bark  are  used 
in  tanning,  but  oak-tanned  leather  is  decidedly  supe- 
rior, and  commands  a  higher  price  in  the  market. 

Slaughter  hides  are  limed  and  bated  in  the  usual 
way,  closely  trimmed  and  green  shaved,  after  having 
been  well  washed  in  the  washing-wheel,  and  when 
the  hair  has  been  removed  they  are  put  into  the  tan 
liquor,  being  tacked  to  laths  which  rest  upon  ledges 
along  the  sides  of  the  vat. 

After  the  tanning  process  has  been  completed, 
each  hide  is  split  into  four  pieces,  of  which  the  mid- 
dle piece,  comprising  the  back,  is  for  heavy  belting. 
These  pieces  are  now  put  into  the  barrel- washer,  and, 
after  a  few  revolutions,  for  the  purpose  of  cleaning 
them,  they  are  passed  between  two  iron  cloth-covered 
rollers,  constructed  similarly  to  a  clothes-wringer,  by 


which  they  are  pressed  dry  enough  to  receive  the  staff- 
ing, the  work  being  done  by  hand ;  the  pieces  are 
then  hung  up  to  dry. 

When  the  stuffing  has  had  time  to  drv  in  suffi- 
ciently, each  piece  is  thoroughly  dampened  and  then 
passed  througn  a  powerful  lever-stretching  machine, 
where  it  may  be  subjected  to  a  strain  of  sixty  tons  to 
the  piece,  ajter  whicn  it  is  oiled  and  hung  up  to  dry. 
The  effect  of  this  stretching  is  to  make  it  almost  im- 
possible for  the  belt  to  stretch  by  ordinary  use  after 
completion. 

These  pieces,  after  becoming  thoroughly  dry,  are 
passed  to  the  belt-room,  where  are  machines  for  plan- 
ing off  the  laps,  joining  the  different  parts,  and 
straightening  the  edges.  After  the  riveting,  the 
edges  are  pared  or  rounded,  and  for  this  purpose  the 
belt  is  passed  between  two  paring-bits,  wnich  are  set 
one  on  each  side  of  a  groove  the  width  of  the  belt. 
As  the  belt  is  drawn  along  the  edges  are  rounded, 
the  belt  being  wound  around  an  arbor.  If  a  square 
edge  is  required,  the  coU  is  simply  taken  from  the 
arbor,  scraped  with  a  slicker,  and  burnished  until  it 
has  a  glazed  appearance. 

Beltr4ao'mg.  Leather  thongs  for  lacing  together 
the  adjacent  ends  of  a  belt  to  make  it  continuous. 

Machines  for  cutting  narrow  strips  of  leather  for 
lacing  operate  by  means  of  a  gang  of  circular  knives, 
which  split  into  strips  the  leather  which  passes 
against  them.  The  knives  are  secured  by  collars  on 
a  mandrel,  at  gaged  distances  apart,  and  their  edges 
cut  against  a  parallel  roller  set  over  ax;ainst  the  for- 
mer at  such  distance  as  may  suffice  to  allow  the  leather 
to  pass  in  the  interval.  Another  form  of  the  machine 
is  a  gang  of  stationary  knives  which  cut  the  side  or 
strip  of  leather  which  is  drawn  against  and  between 
them  by  means  oi  rollers. 

Belt-pipe.  {Steam-Engine.)  A  steam-pipe  which 
surrounds  the  cylinder. 

Belt-puiioh.  A  punch  for  forming  the  holes  in 
a  belt  into  which  lacing,  rivets,  or  clasps  are  in^rted. 
The  punch  c  acts  against  an  anvil  on  the  other  jaw, 

Fig.  662. 


Belt-Punch. 

the  latter  is  graduated,  and  has  an  ai^ustable  gage 
O,  which  may  be  set  at  such  a  distance  from  the 
nose  of  the  pliers  that  a  row  of  holes  may  be  readily 
punched  at  a  set  distance  from  the  edge  of  t^e 

Belt-eaw.    A  Band-saw  (which  see). 

Belt-ehift'er.    (Machinery.)    A  device  for  shift- 
ing a  belt  from  a  fast 
to  a  loose  pulley,  or  Wg.  668. 

vice  versa,  or  from 
one  pulley  to  finoth- 
er, to  cause  a  change  i      |  ^l^-^^^^rp      ^^Q| 

in  the  motion  of  the n 

belt,  or  to  shift  the  '  , — L 
power  of  the  belt  to 
another  pulley  run- 
ning in  the  same  di- 
rection. In  the  illus- 
tration, the  pivoted 

levers  connected  by  Beit-ShifUr. 

jointed  rods  with 
the  rocking-bar  simultaneously  shift  the  belts. 

Belt-epeed'er.    (Machitiery.)    A  pair  of  cone- 
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pulleys  carrying  a  belt  which,  by  shifting,  become 
the  medinm  of  transmitting  varying  rates  of  motion. 
It  is  much  used  in  some  spipning-machines  to  vary 
the  rate  of  rotation  of  the  spool  as  the  cap  increases 
in  size.     See  Cone- pulley. 

Belt-Bplio'mg.  {Machinery.)  A  mode  of  fast- 
ening ends  of  belts  or  belt-lengths,  by  splitting  one 
end  so  as  to  hold  the  long  tapered  edge  of  the  other 
one,  which  is  cemented  between  the  lips  of  the  fonner. 

BdLt-Btretch'er.  A  device  for  drawing  together 
thrf  ends  of  a  belt,  in  order  that  they  may  be  sewed 
or  riveted  to  render  the  belt  continuous. 

The  belt  is  placed  around  a  couple  of  pulleys,  and 
its  ends  approached  to  lap  upon  each  other  for  sew- 
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BeU' stretcher. 

Ing.  The  stretcher  consists  of  a  pair  of  clamps  K  C, 
J  F,  and  a  ti^htening-cord  N,  the  leather  in  each 
damp  being  pinched  by  a  serrated  eccentric.  The 
rope  winds  upon  the  roller  /,  the  pawl  M  engaging 
the  ratchet  L  to  maintain  the  stretch. 
Belt-tiglit'en-er.  Fig.  6.55  shows  a  double  clamp 
Fig.  666.  *^^.  *  tightening- 

device,  in  which  A 
represents  a  lever 
acting  through  tog- 
gles JS  to  draw  the 
clamps  C  towards 
each  other.  When 
they  are  drawn  as 
nearly  together  as 
may  be  requisite, 
they  are  held  by 
the  bars  or  link  J) 
until  the  belt  is 
laced  or  riveted. 

Another  form  of 
belt-tightener  b 
a  device  to  rest 
against  the  belt  in 
some  part  of  its 
length  oetween  two 
dnims  over  which 
it  runs,  so  as  to  in- 
crease its  frictional 
adherence  to  the 
drums.  The  device 
is  usually  an  idler- 
pulley  on  a  swinging  frame  or  weighted. 

B^t-weav'ing  Loom.  One  for  weaving  heavy 
narrow  stuff  suitable  for  making  belts  for  machinery. 
It  does  not  differ  in  any  substantial  respect  from  a 
narrow-ware  loom,  as  belting  only  difft-rs  from  web- 
bing in  proportions  or  material,  if  at  all. 
Bencn.     1.  (Engineering,)    A  horizontal  ledge  on 


BeU'TtghUner. 


the  side  of  a  cutting,  an  embankment,  or  parapet. 
A  herme ;  a  banquette. 

2.  A  support;  for  tools  and  work  in  various  me- 
chanical operations,  as  carpentry,  metal  and  leather 
working,  etc. 

The  bench  is  of  a  thick  plank,  or,  better  still,  a 
number  of  pieces  of  scantling  glued  and  bolted  to- 
gether, —  a  combination  which  resists  warping  better 
than  any  mere  plank,  however  thick  or  well  braced. 
At  the  back  part  is  a  shallow  trough  I  to  hold  small 

Fig.  666. 


Carpenter's  Bench, 

tools,  a  b  ai-e,  respectively,  a  toothed  and  a  square 
bench-hook,  which  slip  in  vertical  mortises  so  as  to 
assume  any  required  elevation,  or  be  driven  down 
flush  with  the  surface  of  the  bench.  X;  is  a  holdfast, 
which  clamps  work  to  the  bench. 

rf  c  are  the  screws  of  a  bench -vise  c,  by  which  work 
is  held.  The  screw  d  has  a  garter/,  which  enters  a 
notch  in  the  cylindrical  neck  of  the  screw,  keying 
it  in  the  jaw,  so  that  the  latter  follows  the  inward 
and  outward  motions  of  the  screw.  A  number  of 
stops  are  placed  along  the  front  of  the  bench,  either 
of  which  may  be  raised  to  hold  one  end  of  a  piece  of 
work,  while  the  other  end  is  held  by  the  stop^  on  the 
sliding-piece  A,  which  is  moved  by  the  end-screw  g. 

When  a  board  is  placed  edgeways  in  the  vise  «,  its 
bottom  e<lge  may  rest  on  a  pin  m,  which  is  placed  in 
either  one  of  the  vertical  series  of  holes  in  tne  post. 

Benoh-olamp.  A  jaw-tool  attached  to  a  work- 
bench for  holding  an  article  to  be  operated  on  in  place. 

The    bench  -  clamp    is 


shown  on  a  paintinf^  in 
Herculaneum;  where  it  is 
used  to  do^  a  timber  to  a 
bench  while  it  is  being 
sawed  by  a  frame-saw. 

In  one  form,  a,  the 
board,  when  set  on  edge,' 
is  clamped  by  two  wedges 
between  tne  angular 
cheeks. 

In  another,  the  clamp  h 
has  an  arm  c,  which  is 
pressed  downward  upon 
the  work  to  be  held  by 
means  of  the  screw  d^ 
whose  end  rests  on  the 
base-piece  of  the  clamp  e. 

Another  clamp  is  formed 
of  two  pivoted  dogs  g  g^ 
between  whose  heads  the 
board  slips.  The  board  is 
shown  in  <lotted  lines,  and 
])ressure  against  the  tails 
of  the  dogs  clamps  their 
heads  against  the  sides  of 
the  board. 


Fig.  667. 


Bench- Gamps. 
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Flg.658.  Bench -drilL 

A  drill  adapted  to 
be  used  on  a  ma- 
chinist's or  car- 
penter's bench. 
in  the  example 
shown,  a  post  a  is 
erected  l)etween 
the  iaws  of  the 
bench-vise  b^  and 
has  a  vertically 
ac^ustable  arm  c, 
in  which  is  the 
feed-screw  rf, 
which  forms  the 
pintle  or  back-cen^ 
ter  of  the  brace  e. 
The  work  /  is 
placed  on  the 
.  bench  g,  and  the 
'  brace  is  rotated 
by  the  hand,  which 
■asps  the  loose 
sleeve  k. 

Benoh-ham'- 
mer.      {Metal- 
toorking.)    A  fin- 
Btneh'DriU.  isher's   or  black- 

smith's  hammer. 
They  are  of  various  sizes  and  shapes  for  different 
kinds  of  work. 
Bench-hook.     A  stop  or  abutment  which  occu- 
pies a  vertical  mortise  in  a  car- 
penter's bench,  and  is  adjustable 
to  any  required  elevation,  to  stay 
,  the  wood  being  planed  ;  or  may 
be  driven  flush  with  the  surface 
of  the  bench  when  its  services 
are  not  needed. 
One  of  the  hooks  a  has  a  notched 

Slate  ajgainst  which  the  wood  is 
riven  in  planing ;  the  other  hook 
b  is  sijuare,  so  as  not  to  damage 
nearly  fi#shed  work. 

Benoh-lathe.     A  small  lathe  such  as  may  bt^ 
mounted  on  a  post  which  stands  in  a  socket  in  a 

Fig.eeo. 


Bench-Hooks. 
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Bench-Lathe. 

bench.  In  the  illustration,  the  mandrel  carries  a 
face-plate  with  centering  devices,  and  may  be  driven 
by  a  cord  from  a  treadle  or  by  a  bow.  The  tail-stock 
and  rest  are  adjustable  by  thumb-nuts. 

Bench-mark.  {Surveying.)  A  mark  showing 
the  starting-point  in  leveling  along  a  line  ;  also  sim- 
ilar marks  affixed  at  convenient  distances  to  substan- 
tial or  permanent  objects,  to  show  the  exact  points 
upon  wnich  the  leveiing-staffs  were  j)laced  when  the 
various  levels  were  read,  thus  facilitating  reference 
and  correction. 

Bench-plane.  A  joiner's  plane  for  working  a 
flat  surface'.     They  are  named,  in  the  order  of  their 


flneness,  jack,  long,  trying  panel,   smooth,  jointer 
planes  (which  see). 

It  consists  of  a  stock  traversed  by  a  slot  in  which 
is  wedged  a  slanting  knife,  sharpened  at  its  lower 
edge,  and  called  the  plane-bit.  The  opening  in  the 
fiole  through  which  the  bit  protrudes  is  called  the 
throat.  The  degree  of  protrusion  of  the  bit  deter- 
mines the  rankness  of  tne  cut  and  the  consequent 
thickness  of  the  shaving.     The  bit  is  usually  held 

Fig.  661. 


Benek-Ii(me, 

by  a  wedge  driven  in  from  above,  but  clamping  ar- 
rangements have  been  suggested,  though  they  are  not 
in  much  favor.  In  the  one  shown,  the  cap-piece  is 
held  against  the  bit  by  means  of  a  screw  /  passing 
from  the  heel  of  the  plane  to  the  nut  N  in  contact 
with  the  cap  H  and  bit  C,  and  a  second  screw  F, 
which  pushes  down  the  nut  in  the  cap-piece. 

Bench-reeL  A  spinning-wheel  on  the  pirn  of 
which  the  sailmaker  winds  the  yam. 

Bench-BCrew.  (OarpeiUry.)  The  wooden  screw 
which  operates  the  movable  jaw  of  the  joiner's  bench- 
vise.     See  Bench. 

Bench-eheaxB.  Hand-shears,  the  end  of  whose 
lower  limb  is  turned  at  right  angles  and  is  received 
in  a  socket  in  the  bench. 

Bench-Btrip.  (Carpentry.)  A  batten  or  strip 
on  a  carpenter's  bench  which  may  be  fixed  at  a  given 
distance  from  the  edge  to  assist  in  steadying  the 
work.     It  may  form  a  fence  or  a  guide. 

Bench-vlBe.  A  vise  provided  with  means  for 
attachment  to  a  wood  or  metal  worker's  bench.  In 
the  vise  of  the  carpenter's  bench  the  movable  wooden 
jaw  is  clamped  against  the  stationary  iaw  of  the 
bench  by  means  of  a  wooden  screw  rotated  by  a  lever 
occupying  a  slot  in  the  head. 

In  the  ordinary  metal-worker's  vise  the  jaws  are 
both  of  iron,  and  one  of  them  has  a  spreadmg  claw 
which  is  screwed  fast  to  the  bench.      In  parallel 

Fig.  662. 


Bench'  Vise. 

vises,  however,  other  means  of  fastening  are  adopted. 
(See  Vise.)  In  the  illustration,  one  jaw  slips  on 
the  bar  as  the  nut  is  rotated  by  the  handle  ;  the 
other  jaw  is  fixed  in  the  required  position  on  the  said 
bar  by  means  of  a  pawl. 

Bend.  \.  {Shipwrighiing.)  a.  One  of  the  strong 
planks  or  todies  on  a  vessel's  sides  to  which  the  beams, 
knees,  and  futtocks  are  bolted.     See  Wale. 

b.  The  cross-section  of  a  building-draft.  A  bend 
n^prest^nts  the  molding  edge  of  a /raww;. 
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2.  {Mining.)  An  indurated  ai^g^llaceoua  substaoce. 

3.  (NatUical,)  A  knot  by  wmch  one  rope  is  fast- 
ened to  another,  or  to  un  object  such  as  a  nng,  spar, 
or  post. 

PI^  668, 


a,  a  ^Qop-bend.  d,  a  rolling  bend. 

h,  Vi  fisherman! 8  bend.        0,  a  carrick  bend. 

e,  a  common  bend. 

/,  a  ma(?rtn^-bend,  in  wbich  the  rope  is  bent  to  a 
post  or  bollard  on  a  pier  or  wharf. 

Bend'ing.  A  process  applied  to  nlates  to  form 
them  into  cylindrical  shapes,  or  angular  shapes  for 
boilers,  angle-iron,  etc. 

When  the  material  is  brought  to  a  corrugated  form 
it  is  termed  Corruoatino  (which  see). 

The  bending  of  wood  for  thills,  bows,  fellies,  plow- 
handles,  etc.,  IS  usually  while  steam-hot,  and  sup- 
ported in  clamps  and  formers. 

Angle-iron  for  ships*  frames  is  bent  to  give  the 
proper  figure  to  the  molding  edge,  by  means  of  a 
levding-block  or  by  a  sujage.  The  former  is  adapted 
to  produce  sharp  curvatures.     See  Lkveli ng-block. 

The  stooge  consists  of  a  fixed  curved  bed  and  a  re- 
ciprocating block.  One  side  of  the  bar  to  be  bent 
or  straightened  rests  against  a  pair  of  fixed  blocks, 
with  slightly  rounded  surfaces.  Midway  between  those 
fixed  blocks  the  opposite  side  of  the  bar  is  pressed 
against  by  a  block  having  a  reciprocating  motion. 
The  position  of  ihe  fixed  blocks  and  the  length  of  the 
stroke  of  the  movable  block  are  capable  of  adjust- 
ment, according  to  the  alteration  to  be  produced  in 
the  figure  of  the  bars. 

Bending  of  plates  for  ships'  sides  is  performed  by 
passing  them  between  a  pair  of  bed-rollers  and  a  free 
roller  above,  whose  beanngs  are  acHustable  by  Ineans 
of  screws  so  as  to  give  any  required  curvature  to  the 
plate. 

Boiler-plates  are  bent  in  the  same  way. 

Bend'ingHitrake.  (Shipwrighting.)  Twostrakes 
wrought  near  the  coverings  of  the  deck,  worked  all 
fore  and  aft  a  little  thicker  than  the  rest  of  the  deck, 
and  let  down  between  the  beams  and  ledges  so  that 
the  upper  side  is  even  with  the  rest. 

Bend-leath'er.  A  superior  qual  ity  of  sole-leather. 

Ben-gal'.  (Fairic.)  a.  A  thin,  light  Bengalee 
stuff,  made  of  silk  and  hair,  for  women's  appard. 

h.  An  imitation  of  stri[)ed muslin.    (BengaX-slripes.) 

Ben-gal'-Ught  (Pyrotechnics,)  A  kind  of  fire- 
work, giving  a  vivid  and  sustained  blue  light,  used  as 
a  signal  ;^also  written  Bengola. 

'The  composition  for  Bengal-lights  is,  1  part  anti- 
mony, 2  sulphur,  2  mealed  powder,  and  8  nitrate  of 
soda.  These  are  finely  pulverized  and  thoroughly 
incorporated  together,  and  the  composition  is  pressed 
into  earthen  bowls  or  similar  shallow  vessels.  When 
not  used  immediately,  the  mouth  should  be  covered 
with  waxed  paper  to  exclude  moisture. 

Ben-gal'-Bmpas.  (Fabric. )  A  Bengalee  striped 
cotton  cloth. 

Bent.  One  section  of  the  frame  of  a  building, 
which  is  put  together  on  the  gp:x>und  or  foundation, 
and  then  raised  by  holding  the  feet  of  the  posts  and 


elevating  the  upper  portion.  A  bent  consists  of  posts 
united  by  the  b^ms  which  pass  transversely  across 
the  building.  When  raised,  it  is  secured  by  the  beams 
of  the  side  to  the  other  bents. 

Bent-gage.  (Wood-ioorking,  etc.)  One  whose 
blade  forms  an  angle  with  the  handle.  Used  by 
wood- workers  and  sculptors. 

Bent-gonge.  (Wood-working.)  A  gouge  bent 
towards  the  basil,  and  used  for  scooping  or  hollowing 
out  concave  surfaces.     A  beiU-neck  gouge. 

Bent-gr&'ver.    1.  (Jewelry.)    A  soorper. 

2.  (Engraving.)  A  graver  with  a  blade  so  bent  as 
to  reach  a  surface  whose  plane  is  lower  than  a  mar- 
ginal rim.  Used  in  chasing  and  in  engraving  mono- 
grams in  sunken  tablets. 

Bent-le'ver.  A  lever  the  two  arms  of  whioh 
form  an  ai^le  at  whose  apex  is  the  fulcrum  ;  as,  a 
bell-crank  lever. 

Bent-le'ver   Bal'ance.     A  weighing-scale  in 
which  the  scale-pan  IV 
is  attached  to  the  short  Fig.  064. 

end  A  o{  0.  bent-lever, 
which  is  pivoted  on  the 
summit  of  a  post  B,  and 
whose  weighted  end  O 
traverses  a  graduated 
arc  to  a  distance  pro- 
portioned to  the  weight 
m  the  pan  IF.  As  the 
weight  C  ascends,  its 
leverage  becomes  great- 
er, and  it  balances  a 
correspondingly  greater 
weight  in  the  pan  JV, 
Its  leverage  in  the  po- 
sition shown  is  indicated 
by  the  vertical  dotted 
line  dropped'from  />. 

Bent-pipe  Fil'ter. 
containing  re- 
ceptacle lor  a 
certain  quan- 
tity of.  sand 
through  which 
water  passes, 
entering;  at  one 
leg  and  being 
dischai-ged  at 
the  other. 

Bent-raap. 
One  having  a 
curved  blade. 
Used  by  gun- 
stockers  and 
sculptors. 

Ben'zole.  Discovered  by  Faraday  in  oils  in  1826, 
and  by  C.  B.  Mansfield  in  coal-tar,  1849.  The  lat- 
ter was  fatally  burned  while  experimenting  with  it  in 
1855.  Aniline  is  produced  from  it,  and  is  the  source 
of  the  celebrated  modem  dyes,  mauve,  magenta,  etc 

Ber'ga-mot.  (Fabric.)  A  coarse  tapestry,  said 
to  have  been  first  made  at  Beigamo,  Italy.  It  is 
composed  of  flocks  of  wool,  hair,  silk,  cotton,  or 
hemp. 

Berlin.  (FehicU.)  A  species  of  four-wheeled 
carriage  having  a  sheltered  seat  behind  the  body  and 
separate  fi-om  it.  Introduced  previous  to  1673  by 
Philip  de  Chiese,  of  Piedmont,  in  the  service  of  Wil- 
liam, Elector  of  Brandenburgh 

Berme.  1.  (Fortification^  A  narrow,  level  space 
at  the  foot  of  the  exterior  slope  of  a  parapet,  to  keep 
the  crumbling  of  the  parapet  from  falling  into  the 
ditch.     See  Abattis. 

2.  (Engineering.)    A  ledge  or  bench  on  the  side 
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A  tube  whose  bend  forms  a 
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Bent-Pipe  FOUr. 
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or  at  the  foot  of  a  bank,  parapet,  or  catting,  to  catch 
earth  that  may  roll  down  the  slope  or  to  strengthen 
the  bank. 

In  canals,  it  is  a  ledge  on  the  opposite  side  to  the 
tow-path,  at  the  foot  of  a  talus  or  slope,  to  keep  earth 
whicn  may  roll  down  the  bank  from  falling  into  the 
water. 

Slopes  in  successive  benches  have  a  berme  at  each 
notch,  or,  when  a  change  of  slope  occurs,  on  reaching 
a  different  soil. 

Berth.  A  sleeping-space  of  limited  dimensions 
on  board  ship  or  on  a  railway-car.  It  consists  of  a 
box  or  shelf^  usually  permanent  on  shipboard,  occu- 
pying a  space  against  the  wall  of  a  state-room  or 
cabin. 

In  railway-cars  berths  are  usually  made  at  two 
elevations  ;  the  lower  one  is  made  up  by  bridginff  the 
space  between  two  adjacent  seats,  the  upper  ber&  by 
letting  down  a  shelf  from  above.   See  Slbbpi no-car. 

Berth  and  Spaoe.  {Shipwrighting,)  The  dis- 
tance between  the  molding-edge  of  one  bent  or  frame 
of  a  ship  to  the  molding  of  another  bent  or  frame. 
Same  as  room  and  space. 

Bes'se-mer  Pro'oeea.  A  metalluigic  process 
which  serves  as  a  substitute  for  puddling  with  certain 
descriptions  of  cast-iron,  and  for  the  manufacture  of 
iron  or  steely-iron  for  many  purposes. 

Steel  is  a  compound  of  ii-on  and  carbon,  stand- 
ing in  the  series  between  wrought-iron  and  cast-iron, 
the  former  having  less  carbon,  and  the  latter  more, 
than  steel.  An  old  authority  gives  the  contents  of 
carbon  in  different  classes  as  follows  :  — 

Pure  refined  iron  contains 

Soft  cast-steel  " 

Common  cast-steel  **    . 

Harder  cast-steel  ** 

White  cast-iron  "     . 

Mottled  cast-iron  ** 

Black  cast-iron  "    . 

The  old-fashioned  way  of  manufacturing  the  so- 
called  blister  steel  was  to  first  produce  a  refined 
iron,  and  then  cause  the  bars  to  re-absorb  the  neces- 
sary quantity  of  carbon  in  the  cementation  furnace, 
where  thev  were  treated,  imbedded  in  charcoal  for 
at  least  a  fortnight.  This  steel  broken  up  and  re- 
melted  in  cmcibles  forms  co^-steel.  The  refining  of 
iron  in  a  puddling-fumace  to  the  point  where  it  as- 
sumed the  character  of  steel  was  the  next  step  in 
the  process.  See  Steel. 
Mr.  Bessemer's  process  is  as  follows  :  — 
The  iron  which  is  to  be  converted  into  steel  is  melted 
in  cupola  furnaces,  and  tapped  off  into  a  laige  ladle 
stancung  upon  scales,  where  the  weight  of  the  charge 
may  be  accurately  determined.  When  everything 
is  ready,  the  chanze,  of  about  twelve  thousand  pounds, 
is  run  into  one  ofthe  **  convertors."  This  is  an  egg- 
shaped  iron  vessel,  about  fifteen  feet  high  and  nine 
feet  diameter,  hung  by  trunnions  upon  a  ponderous 
iron  framework.  To  one  trunnion  is  attached  a 
heavy  pinion,  worked  by  a  rack,  driven  by  a  water- 
engine,  which  rotates  the  vessel  in  a  vertical  plane. 
Through  the  other  trunnion,  which  is  hollow,  pass- 
es an  air- pipe,  which  is  continued  down  the  out- 
side of  the  vessel,  and  opens  into  a  chamber  at  the 
bottom  of  the  **convertor."  (See  Convertor.) 
This  chamber  communicates  with  the  main  cavity  of 
the  vessel  through  120  holes,  each  three  eighths  of 
an  inch  in  diameter.  These  holes  are  contained  in 
ten  cylindrical  fire-bricks,  imbedded  in  refractory 
materials,  and  the  whole  bottom  —  chamber  and  all 
—  is  removable  at  pleasure.  The  main  cavity  is 
lined  a  foot  thick  with  a  mixture  of  crushed  nuartz, 
sand,  and  clay,  and  opens  at  the  top  obliquely  up- 
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ward  through  a  '*  noee  "  pointing  towards  the  chim- 
ney. It  is  evident  that  tne  blast  must  pass  through 
a  trunnion,  because  the  vessel  could  not  be  rotated 
if  received  in  any  other  manner.  Prior  to  receiving 
the  chai^  the  lining  is  heated  nearly  to  whiteness, 
and  the  vessel  is  inclined  to  a  horizontal  position,  or 
beyond,  in  order  to  keep  the  air-holes  above  the  fluid 
iron  while  chaining.  The  blast  is  then  turned  on, 
the  vessel  righted,  and  the  pressure  of  the  blast  keeps 
the  metal  from  pouring  through  the  air-holes.  Im- 
mediately the  reactions  commence. 

The  cast-iron  used  in  the  convertor  contains  about 
two  per  cent  of  silicon,  which  has  a  powerful  affinity 
for  oxygen,  and  the  combustion  of  which  generates 
enormous  heat  When  the  carbon  oxidizes,  which, 
it  does  in  the  later  stage  of  the  conversion,  a  long 
body  of  flame  issues  from  the  convertor  of  a  dazzling 
whiteness.  It  is  so  brilliant  that  the  eye  can  scarce- 
ly endure  it,  and  with  the  heavy  roar  of  the  blast, 
the  rumbling  from  the  volcanic  turmoil  within,  and 
the  showers  of  sparks  blown  out  of  the  vessel  in  thou- 
sands of  scintillating  pellets,  forms  a  scene  which 
must  be  witnessed  in  order  to  be  aporeciated. 

The  completion  of  the  blow  and  tne  exhaustion  of 
the  impurities  is  denoted  almost  instantaneously  by 
a  change  in  the  whiteness  of  the  flame  to  a  hollow, 
lurid,  translucent  |;lare,  accompanied  with  smoke. 
The  change  occupies  scarcely  three  seconds,  and 
great  care  must  be  taken  to  turn  down  the  vessel  the 
moment  the  conversion  is  complete.  The  product 
contained  in  the  convertor  is  nearly  pure  iron,  in  a 
state  of  perfect  fluidity.  A  small  quantity  of  oxide  of 
iron  is  mechanically  mingled  with  it,  which  must  be  re- 
moved, and  for  this  purpose  five  or  six  per  cent  of 
spiegeleisen  is  run  into  the  vessel.  The  manganese 
of  this  metal  at  once  decomposes  the  oxide  of  iron, 
takes  up  its  oxygen,  freeing  the  iron,  and  passes  into 
the  slag  an  oxide  of  man^^anese.  The  carbon  of  the 
spiegeleisen  is  partly  oxidized  and  partly  remains 
in  the  iron,  ffiving  it  its  steel  properties.  Afterwaiting 
a  few  seconds  for  this  reaction  to  complete  itself,  the 
vessel  is  rotated  farther  down,  and  its  contents  dis- 
charged through  the  noee  into  the  ladle  wielded  by 
a  hu^  hydraulic  crane,  and  then  })oured  through  a 
hole  m  the  bottom  of  the  ladle  into  iron  ingot-molds. 
The  blowing  occupies  about  twenty  minutes,  and  the 
loss  of  metal  is  about  thirteen  per  cent. 

The  rotation  of  the  convertor,  which,  together  with 
its  charge,  weighs  over  thirty  tons,  the  shifting  of 
the  ingot-molds,  ladles,  and  other  parts,  and  the  re- 
moval of  the  ingots,  are  all  effected  by  hydraulic 
power.  The  American  form  of  the  apparatus  is  the 
work  of  Mr.  Holley,  and  is  a  total  renovation  of  the 
Eliu^lish  method  and  a  great  improvement. 

Hou.et'8  convertor  has  a  joint  below  the  trun- 
nions, and  the  lower  portion  of  the  bulb  may  be  tak- 
en off,  placed  on  a  car,  and  wheeled  away,  so  that  the 
workmen  may  be  able  to  get  directly  at  the  tuyeres, 
and  can  set  them  quickly  and  strongly  by  ramming; 
ganister  solidly  around  them,  instead  of  pouring  it 
around  them  in  a  semi-fluid  state,  as  in  the  cases 
where  the  bottom  ofthe  convertor  is  reached  through 
the  mouth.  By  having  some  supplementary  bottom- 
sections  to  replace  at  once  those  in  which  the  tuyeres 
have  become  Dumed  out  or  worn  too  short,  the  daily 
working  capacity  is  about  doubled. 

The  ingots  are  hijghly  crystalline,  and  generally 
contain  many  cavities,  which,  however,  nave  not 
been  exposed  to  the  air,  and  therefore  close  together 
perfectly  under  hammer  or  in  the  rolls.  The  weight 
of  the  ingot  is  about  1,400  pounds,  and  it  will  make, 
two  railway  bars.  It  cannot  usually  be  hammered 
until  after  it  has  been  cooled  and  reheated.  It  aver- 
ages a  foot  square,  is  three  or  three  and  a  half 
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feet  high,  and  has  considerable  taper.     In  or- 
der to  enter  a  23-inch  train  of  rolls,  it  must  be 
"bloomed"  down  to  about  six  inches,  and  for 
this  purpose  it  is  reheated  to  full  orange  red- 
ness, nammered,  and  cut  in  two.    It  is  reneated       if^ 
a  second  time  for  rolling,  and  each  **  bloom  " 
receives  17  passes,  issuing  from  the  last  one 
over  30  feet  m  length.     The  ragged  ends  are    **^- 
sawed  off  by  two  saws,  placed  28  feet  5  inches 
apart,  and  when  cool  the  bar  is  just  28  feet  long, 
having  contracted  6  inches,  and  weighs  usu- 
ally 67  pounds  to  the  yard,  —  more  or  less,  of  course, 
according  to  the  pattern. 

Best-work.  (Mining.)  A  miner's  term  of  the 
best  or  richest  class  of  ore. 

B6-ton'.  Specifically,  the  French  term  for  con- 
crete ;  a  concrete,  the  invention  of  M.  Coi^et,  com- 
posed usually  of  sand  5,  lime  1,  hydraulic  cement 
.25.  The  materials  are  mixed  by  a  shovel,  ground 
violently  in  a  tempering-mill,  water  being  added 
sparingly  from  time  to  time.  The  jjug-mill  has  a 
vertical  cylinder  and  a  shaft  armed  with  knives  spi- 
rally arranged,  beneath  which  is  a  cycloidal  pressor 
which  drives  the  plastic  b^ton  out  at  holes  in  the 
bottom  of  the  mill.  This  is  carefully  and  persistently 
rammed  in  molds,  a  stratum  at  a  time,  till  the  mold 
is  full.  The  top  of  each  stratum  is  deeply  scratched 
to  bind  its  successor  thereto.  The  molds  are  cotters 
in  sUu,  or  ordinary  molds,  according  to  circumstances. 
The  reduction  by  ramming  is  very  great,  about  1.7 
to  1.  The  weight  becomes  140  pounds  to  the  cubic 
foot.  The  resistance  to  crushing  is  5,000  pounds  to 
the  square  inch  ;  ten  times  that  of  a  common  mor- 
tar made  of  the  same  materials  and  proportions. 

Sewers  made  on  this  plan  may  have  the  centering 
removed  in  eight  hours,  and  in  four  or  five  days  they 
maybe  used.    Arches  \^'ith  a  pitch  of  1  in  10  have  pro- 

?)rtion8,  sand  5,  lime  1,  hydraulic  cement,. 5.  In 
aris,  arches,  floors,  foundations,  ban-acks,  and 
churches  are  made  of  this  material.  A  dwelling 
of  five  stories,  in  Miromesnil  Street,  Paris,  is  con- 
structed of  a  single  mass  of  b^ton ;  a  staircase  of  the 
same  material  runs  in  helicoidal  form  from  the  base- 
ment to  'the  highest  floor,  molded  in  the  position 
where  it  stands. 

In  making  foundations  of  blocks  of  hydraulic  con- 
crete, sheet  piling  is  first  driven,  and  forms  a  wall  or 
curb  to  maintain  the  concrete  in  place  until  set. 

This  is  an  old  Roman  method,  and  was  described 
by  Vitruvius.  It  has  also  been  used  by  the  French 
in  their  works  in  Algiers.  Blocks  of  324  cubic  feet 
were  floated  out  and  dropped  from  slings  into  their 
places. 

English  recipe  : 

Puzzuolana 12 

Quicklime '9 

Sand  .......       6 

Stone  spalls 9 

Iron  scales 3 

Molded  or  mixed  in  a  box. 

M.  Coignet  erected  a  test  arch  at  St.  Denis,  near 
Paris,  whose  dimensions  are  as  follows :  — 

Span 196  feet. 

Rise  of  arch 19    " 

Cross-section  at  the  crown  .  4  feet  bv  3.25  " 
Cross-section  at  the  springing  6.5  feet  by  6.5  *' 
Specific  gravity  of  the  material        .        .  2.200 

Weight  of  arch 260  tons. 

The  arch  was  constructed  in  six  days,  being  formed 
in  thin  concentric  layers.  After  it  had  reached  what 
was  deemed  a  sufficient  size,  it  was  allowed  to  remain 
for  five  or  six  weeks,  at  the  end  of  which  time  all 
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extraneous  supports  were  removed.  This  was  several 
years  ago,  and  it  yet  stands  uninjured,  and  prom- 
ises to  remain  an  enduring  monument  of  the  skill 
of  its  constructor.  The  total  amount  of  depression 
sustained  by  the  center  of  the  arch  after  tne  cen- 
tering had  been  removed  was  barely  three  eighths 
of  an  inch. 

Bet'ty.    {Slang. )    A  short  crowbar  ;  a  jemmy. 

Be-tween8^  A  grade  of  needles  between  sharps 
and  blunts. 

Bev'eL     1.  Any  angle  except  one  of  90". 

2.  An  instrument  for  setting  off  any  anffle  or  bevel 
from  a  straight  line  or  surface,  much  used  by  artifi- 
cers of  all  descriptions  for  adjusting  the  abutting 
surfaces  of  work  to  the  same  inclination.  It  is  com- 
posed of  two  Jointed  arms,  one  of  which  is  brought 
up  square  agamst  the  line  or  surface  from  which  the 
angle  is  to  be  set  ott*,  and  the  other  then  ac^usted  to 
the  desired  bevel  or  inclination.   See  Bevel-squarb. 

3.  {Printing.)  A  slug  cast  nearly  type-high  and 
with  chamfered  edges.     Used  by  stereotypers. 

4.  The  obliquity  of  the  edge  of  a  saw-tooth  across 
the  face  of  tlie  blade. 

Bev'el-ge€u:'in(^    {Gear.)    Cogged  wheels  whose 
axes  form  an  angle  with 
each  other,  the  faces  of  Pig.  667. 

the  cogs  being  oblique 
with  tneir  shafts,  the 
sum  of  the  angles  of  the 
teeth  with  their  respec- 
tive shafts  being  equal  to 
90^  The  illustration 
shows  a  breast-drill  in 
which  a  bevel  -  wheel 
drives  two  bevel-pinions 
on  the  stock  of  the  drill ; 
one  pinion  is  for  cutting, 
the  other  for  feed. 

Bev'el-ing.  1.  {Car- 
pentry.) The  sloping  of 
an  arris,  removing  the 
square  edge. 

2.  {Shiptorighting.)  a. 
The  opening  and  closing 
of  angle-iron  frames  in 
order  to  meet  the  plates 
which  form  the  skin  of 
the  ship,  so  that  the  fay- 
ing snn&ce  of  the  side-arm 
of  the  angle-iron  may  exactly  correspond  to  the  shape 
of  the  plating. 

The  beveling  is  performed  by  smiths  while  the 
iron  is  lying  hot  upon  the  leveling-block. 

b.  The  angles  wnich  the  sides  and  edges  of  each 
piece  of  the  frame  make  with  each  other. 

A  standing  beveling  is  made  on  the  outside ;  an 
under  beveling  is  one  on  an  inner  surface  of  a  frame 
of  timber. 

Bev'el-ing-board.  {Shipbuilding.)  A  flat  piece 
of  wood  on  w-hich  the  bevelings  of  the  several  pieces 
of  a  ship's  structure  are  marked. 

Bev'el-ing-edge.  {Shipbuilding.)  One  edged 
a  ship's  frame  which  is  in  contact  with  the  skin,  and 
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which  is  worked  from  the  moUHng-edge  or  that  which 
is  represented  in  the  draft. 
Bev'el-ing-ma-ohine'.    (Bookbinding.)    A  ma- 
Fig.  668. 


BeveHng'Maehifte 


chine  in  which  the  edge  of  a  board  or  book-cover  is 
beveled.  The  table  on  which  the  material  is  laid 
is  hinged  to  the  bed-piece,  and  may  be  supported  at 
any  desired  angle  by  the  pawl-brace  and  a  rack,  so  as 
to  present  t)ie  material  at  any  inclination  to  the 
knife. 

Bev'el  Plmnb-nile.   (Engituering.)    A  survey- 
or's i  n  strumeu t  for  adj  usting  the  slope  of  emban  kmen ts. 
Bev'el  Bcroll-Ba'^.   A  machine  for  sawing  shi]^ 
timber  to  the  proper  curve  and  bevel.     The  saw  is 
mounted  on  a  circular  frame  a,  and  reciprocated  by 
means  of  a  rod  b  and  eccentric  c.     By  inclining  the 
saw  in  its  frame  any  required  bevel  may  be  cut,  the 
curve  being  given  by  moving  the  carriage  d  donits 
circular  track  a,  so  as  to  vary  the  presentation  of  the 
I  timber.     The  timbers  rest  on  the  rollers  //  of  the 
j  table ;  but  if  long,  are  likewise  supported  by  the  roll- 
ers A;  A:  of  the  carriages  e  e,  which  run  towards  and 
'  from  the  saw  on  tracks  i  i.    To  change  the  presenta- 
I  tion  for  oblique  or  circular  cut,  the  carriages  i  i  move 
I  in  concert —  if  the  timber  be  long  enough  to  bring 
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them  both  into  action  —  around  the  track  g,  against 
whose  flange  the  guide-rollers  h  h  bear. 
Bev'^HEKinare.    One  whose  blade  is  a^'ustable 

Fig.  «7n. 
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Sevti-Sjttare. 


to  any  angle  in  the  stock,  and  retained  at  any  set  by 
a  clampiug-screw  ;  a  bevel.  The  cut  shows  several 
forms  and  positions. 

Bev'el-tooL  (Turning.)  A  turner's  tool  for 
forming  grooves  and  tapers  in  wood.  Right-hand  or 
Uft'hand  bevels  are  used,  according  as  the  work  ta- 
pers to  the  right  or  left  of  the  workman. 

Bev'el-wheel.    (Gmr.)    The  term  is  applied  to 

Fig.  671. 
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a  oog-wheel  whose  working-face  is  oblique  with  the 
axis.  Its  ase  is  usually  in  connection  with  another 
bevel-wheel  on  a  shaft  at  light  angles  to  that  of  the 
former,  but  not  always  so.  When  the  wheels  are  of 
the  same  size  and  their  shafts  have  a  rectangular  re- 
lation, the  working-faces  of  the  wheels  are  at  an 
angle  of  45*"  with  the  respective  shafts,  and  the  result 
is  miter  gears  a.  If  this  relation  of  the  shafts  be 
maintain^,  but  the  wheels  are  varied  in  size,  6,  the 
angles  of  their  faces  will  vary.  As  before,  however, 
their  cogs  are  cut  at  right  angles  to  the  surface  of 
two  cones  whose  apexes  coincide  with  the  point  where 
the  axes  of  the  wheels  would  meet. 

When  the  shafts  are  arranged  obliquely  to  each 
other,  c,  a  certain  obliquity  of  the  cogs  of  the  wheels 
becomes  necessary. 

The  lower  figure  in  the  cut  shows  a  mode  of  obtain- 
ing two  different  speeds  on  the  same  shaft  from  one 
dnving-wheel. 

The  term  bevel-wheel  applies  in  strictness  only  to 
a  wheel  the  angle  of  whose  working-face  is  more  or 
less  than  45",  the  latter  being  a  mUer-wheel. 

Be-zan.  {Fabric.)  A  Bengalee  white  or  striped 
cotton  cloth. 

Bex'eL  A  term  applied  b^  watchmakers  and 
jewelers  to  the  groove  and  projecting  flange  or  lip 
by  which  the  crystal  of  a  watch  or  the  stone  of  a 
jewel  is  retained  in  its  setting.     An  ouch. 

Bib'bltt-preas.    A  press  mr  rolling  rocket-cases. 

Bibbs.  (Nautical.)  Cleato  bolted  to  the  hounds 
of  a  mast  to  support  the  trestle-trees. 

Bib-oook.  A  cock  or  faucet  having  a  bent  down 
nozzle ;  a  bib. 

Fig.  672. 
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a  is  a  bib-cock  with  a  square  for  the  key. 

5  is  a  bib-cock  with  a  union-joint  on  the  nose  for 
the  connection  of  hose. 

c  is  a  bib-valve^  the  closure  being  by  a  recipro- 
cating slide  instead  of  a  rotary  spigot. 

Bi'ohord  Pi-a'no-for'te.  {Music. )  A  piano 
with  a  grand  movement,  but  possessing  but  two 
strings  to  a  note.     A  semi-grand  piano-forte. 


Biok-4'roiL  A  small  anvil  with  a  tang  which 
stands  in  a  hole  of  a  work-bench.     A  beak-iron, 

Bi^oy/de.  {Fehicle.)  A  two- wheeled  velocipede. 
The  wheels  are  in  line  ;  the  fore-wheel  is  driven  by 
the  feet. 

Johnson's  old  English  patent  for  a  hobby  was  a 
bicycle.    8ee  Velocipede. 

Bid'der-7-ware.  {AUoy.)  This  is  made  at 
Bider,  a  town  about  sixty  miles  from  Hyderabad* 
India.     Dr.  Heyne  states  its  proportions  as  — 


Tin 


To  3  ounces  of  this  alloy  16  ounces  of  zinc  are 
added  when  the  alloy  is  melted  for  use.  It  is  col- 
ored by  dipping  into  a  solution  of  sal-ammoniac,  salt- 
peter,  common  salt,  and  sulphate  of  copper.  This 
colors  it,  and  the  color  forms  a  ground  for  the  silver 
and  gold  inlaying.  Chisels  and  gravers  are  employed, 
and  after  the  inlaying  is  comp&te,  the  ware  is  pol- 
ished and  stained. 

Another  formula  gives,  zinc  128,  copper  16,  lead  4, 
tin  2.     See  Alloy. 

Bi-def .  A  form  of  sitting-bath  used  for  washing 
the  body,  the  administration  of  iigections,  and  treat- 
ment 01  hemorrhoids. 

Bid-hook.    {Nautical.)    A  small  boat-hook. 

Bier.  1.  A  hand-barrow  adapted  to  carry  a  corpse 
or  coffin,  or  both.     Its  purpose  is  its  only  distin* 
l^ishing  peculiar- 
ity to  constitute  a  Iff.  679- 
difference  between 
it  and  a  stretcher , 
litter,    or    hand- 
barrow. 

The  bier  repre- 
sented in  the  ac- 
companying cut 
was  the  ordinary 
form  for  support- 
ing the  dead  in  2K«r. 
ancient  Egypt. 

The  illustration  is  from  the  temple  at  Eamak. 

2.  {Weaving.)  A  count  of  40  threads  in  the 
warp  or  chain  of  woolen  cloth.  The  number  of 
warp-threads  is  counted  by  biers;  the  threads  are 
termed  ends.     Thus,  — 

In  ordinary  broadcloth  there  are  3,600  threads  in 
the  warp  ;  these  are  set  in  a  sl^  or  reed,  about  8i^ 
yards  wide.  Such  a  warp  is  said  to  be  90  biers.  In 
England,  5  biers  or  200  threads  go  to  the  hundred. 
This  is  one  of  the  absurd  overdrafts ;  as,  a  hundred- 
weight of  112  pounds ;  a  dozen  consisting  of  18.  In 
some  trades  a  hundred  consists  of  120  pieces  or 
pounds. 

40  warp-threads  of  woolen  yarn  on  the  beam  ; 
5  biers  make  100  ;  that  is,  100  pairs  of  threads,  100 
above  and  the  same  number  below,  in  the  shed.  Com- 
mon broadcloth,  1}  yards  wide,  has  18  double-hun- 
dreds, or  3,600  warp-threads.  Fine  broadcloth  may 
have  6,000  warp-threads. 

Bight.    {Nautical.)    The  loop  of  a  bent  rope. 

Bi*la'io.    (Vessel.)    A  two-masted  vessel  of  Ma-  * 
nilla. 

Bil'an-der.  {Vessel.)  A  small  two-nwsted  ves- 
sel used  in  Holland,  principally  on  the  canals. 

Biia>o.  (Weapon.)  1.  A  flexible-bladed  cutlass 
from  Bilboa. 

"To  be  conmassed,  like  a  good  bilbo,  in  the 
circumference  oia  peck,  hilt  to  point,  heel  to  head.** 
—  FcUstaff  (in  the  buck-basket). 

2.  A  form  of  fetters  for  prisoners,  named  from 
Bilboa,   Spain,  where  they  were  manufactured  in 
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laige  qouitities,  and  shipped  on  the  yeasels  of  the 
Spanish  Armada. 

A  long  bar  of  iron  was  bolted  and  locked  to  the 
deck  ;  a  shackle  slipped  loosely  on  the  bar,  and  was 
aecored  to  the  ankle  of  the  prisoner. 

*«MathoaghtIlaT 
Wone  than  Um  matinee  In  the  bUboes.^' 

OatmUt. 

Bilge.  1.  (ShApbuilding.)  The  flat  portion  of  a 
ship's  bottom.  Here  water  collects,  and  is  called 
bUgt'tooUer.  The  water  is  derived  from  leakage  and 
condensation.  The  bilpe-waier  alarm  announces  any 
unusual  depth  ;  the  bilge-pumps  remove  it. 

2.  {Coopering.)  The  protuberant  middle  portion 
of  a  cask. 

Bilge-board.    (Shipbuilding.)    The  board  cov- 
ering the  limbers  where  the  bilge-water  collects. 
Eilge-keeL      {Shipbuilding.)      A    longitudinal 
beam    or  plate    on    the 
Wg.  «74.  bilge  of  a  vessel,  for  pro- 

tection from  rubbing ;  or, 
in  the  case  of  iron  vessels 
without    true   keels,   to 
prevent   rolling.      Used 
with  vessels  having  flat 
bottoms  and  light  draft. 
The   "Wamor"  and 
some  other  British  iron- 
clads have  bilge-keels. 
Bilge-pieoe.    {Ship- 
Bilge-Kee'M.  wrtghting.)     An  angle- 

iron  or  wooden  stringer 
placed  at  intervals  along  the  bilge  of  an  iron  ship  to 
stay  and  stiffen  the  frame. 

Bilge-plank.    {Shipwrighiing.)     Strengthening 
planks  of  the  inner  or  outer  skin,  at  the  bilge. 
Bilge-ptunp.    {Nautical.)    a.  One  for 
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pumping  the  water  from  the  bilge  of  a  vessel, 
in '    ' 


0= 


in  its  old  form  it  had  a  rod  carrying  a  disk 
(called  a  burr),  to  which  is  nailed  a  hollow 
inverted  cone  of  strong  leather,  the  upper 
edge  of  which  is  equal  to  the   diameter  of  the 
chamber.     When  it  is  thrust  down  it  collapses,  al- 
lowing the  water  to  pass  ;  whefi  it  is  raised,  the 
leather  cap  spreads  by  the  weight  of  the  column, 
and  makes  a  tight  joint  with  the  sides  of  the  cham- 
ber. 

Formerly  also  known  as  a  6urr-pump. 

Bilge-pumps  are  fitted  to  marine  en^es  as  a  se- 
curity to  the  ship  in  case  of  extraordinary  leaka^, 
as  well  as  to  save  the  work  of  the  crew  in  pumpmg 
Hie  hold  dry.  The  bilge-pipes  should  be  made  of 
lead,  which  suffer  less  corrosion  than  copper  from 
the  acidulous  bilge-water  of  wooden  ships. 

6.  A  pump  to  withdraw  water  when  the  ship  is 
laying  over  so  that  l^e  water  cannot  reach  the  lim- 
bers which  are  reached  by  the  main  pumps. 

Bilge-wa-ter  A-lann^  {Hauiical.)  The  ordi- 
nary  form  of  these  alarms  is  a  well  in  the  hold  and  a 
float  whose  rise  is  made  to  free  an  escapement  and 
sound  an  ordinary  clock-alarm  mechanism.  In  many 
cases  the  stem  of  the  float  is  either  graduated  to  show 
the  hight  of  the  water,  or  has  a  rack  which  operates 
a  spur-wheel  and  turns  an  ipdicator-finger  on  a  dial. 
These  may  be  read  as  occasion  requires,  but  are  not* 

Sroperly  alarms  unless  with  them  is  associated  a 
evice  to  call  attention  to  the  condition  of  the  appa- 
ratus. 

One  form  of  bilge-water  alarm  has  a  vertical  rec- 
tangular box  A  permanently  placed  in  the  water 
whose  rise  is  to  be  announced.  The  float  B  rises 
with  the  water,  and  its  stem  B*  has  an  oblique  slot  6, 
in  which  a  pin  moves  and  gives  motion  to  a  bar  C 
connected  to  clock-work.   The  latter  is  placed  in  any 


Hydrmilie  IndicaUr. 

convenient  position,  and  connected  to  the  i)ar  by 
wire  or  rods,  so  as  to  trip  the  escapement  of  the  clock- 
alarm  when  the  float  reaches  a  certain  hight.  The 
figures  represent,  respectively,  the  indicator -dial, 
the  slotted  stem  and  moving  bar,  the  clock-work, 
and  a  vertical  section  through  the  float  and  the  lower 
part  of  the  trunk. 

In  another  form  a  tube  is  bent  to  conform  to  the 

Iig.«76. 
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transverse  sectional  shape  of 
the  vessel,  and  is  provided 
with  a  whistle  at  each  end. 
At  the  lowest  midship  por- 
tion the  bilge-water  is  ad- 
mitted at  a  gauze-oovered 
opening.  When  a  consider- 
able amount  of  bilge-water 
has  collected  in  the  nipe,  the 
rolling  of  the  vessel  causes 
the  water  to  expel  the  air 
at  alternate  ends  of  the  pipe, 
and  sounds  an  alarm. 

Bilge-wa'ter  Dia- 
ofaarge'.  {NauHcal.)  A 
device  to  secure  automatic 
discharge  to  the  bilge-water. 
A  tube  extending  from  the 
limber  through  the  outer  skin 
has  a  rear  opening  through 
which  a  current  is  induced 
as  the  vessel  passes  through 
the  water. 

Bilge-wa'ter  Gage. 
{Nautical.)     A    device    for 
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showing  the  depth  of  bilge-water  in  the  hold.  A  \ 
graduated  stem  extending  upward  from  a  float  in  the  ' 
well  where  tlie  bilge-water  collects.  As  the  float  | 
riseSf  the  graduations  are  ivad  by  the  officer  of  the  j 
watch.  ! 

Bilge^'way.  {ShipbuUdimj.)  The  foundation  of 
the  cradle  supporting  a  ship  upon  the  sUdinrj-ways 
during  building  and  launching.  The  sliding-ioays 
consist  of  planKs  3  or  4  inches  wide  supported  on 
blocks,  and  the  bilge  ways  of  the  cradle  slip  thereon. 
The  bilgeways  are  about  five  sixths  the  length  of  the 
ship,  and  are  about  2  feet  6  inches  square.  The 
cradle  is  the  carriage  which  bears  the  ship  into  the  wa- 
ter and  separates  fn>ra  the  ship  by  the  act  of  floating. 

BilL  1.  {Agriculture.)  A  hook-shajied  cutting- 
implement,  used  in  heavy  pruning,  hedging,  etc.  A 
bill-hook. 

2.  ( Wmpo/i. )  A  hook-shaped  blade  on  a  stafl', 
formerly  used  ;  the  halberd  of  the  infantry  soldier. 

*'  Hare  a  care  that  your  bills  be  not  stolen." 

Do^)erry. 

The  bill  or  bill-hook,  under  the  name  of  falx  or 
/alculuy  was  a  common  weapon  among  the  Romans. 
A  similar  implement  was  used  by  the  Greeks.  The 
figures  of  Perseus  and  Saturn  are  represented  thus 
armed.  With  this  weapon  Jupiter  wounded  Typhon 
and  Hercules  slew  the  Lernsean  Hydra. 

8.  {Na^UiciiK)  The  point  on  the  end  of  the  arm 
of  an  anchor  beyond  the  fluke  or  palm  ;  the  pee.  It 
is  the  first  part  to  penetrate  the  ground,  and  is  made 
slightly  hooking.     See  Anchor. 

4.  •  (Shipwrighting.)  The  end  of  a  compass  or 
knee  timber. 

5.  {Agriculture,)     A  mattock. 

6.  The  point  of  a  hook. 

Bill-board.  {Shipbuilding.)  An  iron-covered 
board  or  double  planking  which  projects  from  the 
side  of  the  ship  and  serves  to  support  the  inner  fluke 
of  the  anchor. 

Bil'let.  {Saddlery.)  a.  A  strap  which  enters  a 
buckle. 

b.  A  pocket  or  loop  which  receives  the  end  of  a 
buckled  strap. 

Billet-head.  {Nautical.)  A  piece  of  wood  at 
the  bow  of  a  whale-boat  around  which  the  harpoon- 
line  runs  ;  a  logsferhead. 

Billeted  Cabbie.    {Architecture.)    Cabled  mold- 
ing with  cinctures. 
Billet-ing-rolL  {RoUing-MiU.)    A  set  of  rollers 
for  reducing  iron  to 
W«'  678.  ahape,  to  merchant- 

able bar.  In  tlie 
illu.Htrationthe  \nisa- 
e^  are  shown  with 
flattening  and  eilg- 
ing  grooves. 

Billet -mold'- 
ing.  {Architecture.) 
An  ornament  used 
in  string  courses 
and  the  archivolts 
of  windows  and 
doors.  It  consists 
of  cylindrical  blocks 
with  intervals,  the 
blocks  lying  length- 
wise of  the  cornice. 
Sometimes  in  two 
SiUetin^RoU.  rows,  breakingjoint 

Bil'let-note. 
A  folded  writing-paper  6  by  8  inches. 

Bill-hold'er.  A  device  by  means  of  which  bills, 
memorandums,  ur  other  sli)>K  of  paper,  an*  held  and 


secured,  so  as  to  be  readily  referred  to  and  withdrawn 
as  required. 

There  arc  numerous  forms  :  one  consists  of  an  up- 
per and  a  lower  band,  whose  distance  apart  may  oe 
regulated  by  means  of  two  elastic  straps  fastened 
by  hasps  or  fasteners,  which  allow  the  straps  to  be 
taken  up  or  let  out  as  required. 

Another  form  is  a  spring  clasp  ;  a  third  is  a-  wire 
for  impaling,  either  suspended  or  standing  on  a  foot. 

BiU-hook.  A  thick,  heavy  knife  witn  a  hooked 
end,  useful  for  chopping  ofl*  small  branches  of  trees 
or  cutting  apart  entangled  vines,  roots,  etc. 

When  a  sliort  handle  only  is  attached,  this  imple- 
ment is  sometimes  called  a  ha^id-bill. 

Its  lighter*  forms  correspond  in  their  application 
to  the  Spanisli  inacliete. 

The  bill  is  made  of  a  weight  and  shape  proportioned 
to  the  work. 

The  long-handled  bill  a  is  c^ed  a  ftcimiter ;  the 
handle  four  feet  long. 

The  short-handled,  light-tool  b  is  called  a  dtr^- 
hooky  and  is  used  for  trimming  ofl*  twigs,  pruning  or 
cutting  back  the  smaller  limbs  to  preserve  the  sha{>e 
of  a  hedge,  shrub,  or  ornamental  tree 

The  other  two  figures,  e  rf,  represent  varieties  of 
bill-hooks  for  heavier  work.     The  illustrations  are 


^ 
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from  English  tools ;  the  bill-hook  is  but  little  known 
among  us.  The  axe,  hedge-shears,  pruning-knife, 
and  ociuisionally  the  corn-knife  pressed  into  service 
as  a  waclietr^  do  the  work  in  the  United  States.  One 
of  the  ]>rincipHl  uses  of  these  tools  in  England  is  for 
hedging.  Tins  is  on  the  advance  with  us  ;  but,  as 
usual,  we  have  I'ontrived  a  machine,  founded  on  the 
principle  of  the  harvester ^  which  is  drawn  by  horses 
and  trims  the  hedge  to  any  required  shape.  See 
IIedc.k  Plantkrs  and  ('lippers. 

Billiard-cue.  The  rod  with  which  the  billiard- 
ball  is  stnit^k.  It  is  sometimes  tipped  with  a  vulcan- 
ized rublKT  blo<!k. 

Bil'liard-mark'er.  A  counting  apparatus  for 
registering  the  points  and  games  at  billiards.  There 
are  many  varieties. 

Billiarda.  A  game  of  skill,  played  on  a  smooth, 
level  table  of  peculiar  construction,  with  hard,  elas- 
tic l>alls  propelled  by  a  tapering  stick  called  the  cue. 
It  was  invented  either  in  France  or  Italy,  probably 
during  the  sixteenth  century.  The  invention  is 
generally  ascribed  to  Henrique  Devignc,  an  artist 
in  the  reign  of  CharleR  IX.,  1671.  The  game  is 
s})oken  of  by  Shakesiieare. 

In  1578,  during  tne  reign  of  William,  Prince  of 
Orange,  permission  was  given  to  some  residents  of 
Amsterdam  to  keep  billiard-tables. 

**  Up  all  of  us  and  to  billiards."  —  Pepys,  1665. 

*' Alter  dinner  \o  billiards,  where  I  won  an  an- 
gel."—  Ibid. 
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BiUiard'ThbU  Cushion. 


Billiard-tables  of  the  best  quality  have  marble 
tops  covered  with  cloth.  The  general  app«»arance 
is  well  known.     The  full-size  table  is  6  feet  by  12, 

havingsixpock- 
Wg.  080.  ets,  one  at  each 

corner  and  two 
opposite      each 
other     at     the 
-,  midlength       of 
the  table.     The 
cushions  are  tlie 
ledges    running 
around   the   tA- 
ble,  which  pre- 
vent the    balls 
from  being  pro- 
jected   over  its 
edges  ; .  they  are 
lined  with  resil- 
ient material,  to  cause  the  balls  to  rebound,  and 
various  materials  and  devices  have  been  contrived 
for  this  purpose,  many  of  which  have  been   the 
subjects  of  patents.     The  cue  was  introduced  about 
1670. 

Carom  tables,  destitute  of  pockets,  have  come  into 
great  favor.  The  different  modes  of  constructing 
the  cushions  have  formed  the  subjects  of  many  pat- 
ents. 

A  Kansas  billiard-table  is  thus  described  :  **  First, 
in  the  middle  of  the  floor  was  anenonnously  large  box, 
on  which  was  laid  about  a  wagon-load  of  sandstone, 
covered  with  about  eight  yards  of  blue  jean.  The 
pockets  were  made  of  old  boot-legs;  for  cues  they 
had  old  hoe-handles  ;  mock -oranges  ser\'ed  for  balls  ; 
and  to  count  this  lovely  game  they  used  dried  apples 
strung  on  a  clothes-line.' 

Billon.  {Alloy.)  A  German  coin-alloy  of  cop- 
per and  silver,  the  former  predominating. 

Billy.  1.  {Wool - Manufucturc.)  A  slubbing; 
machine  in  which  the  ])artially  compacU^d  .slivers  of 
wool,  in  the  condition  of  cardings  or  rolh,  are  joined 
end  to  end  and  receive  a  slight  twist,  —  the  prelim- 
inary operation  in  wool-spinning.      See  Slubbing- 

MACHINE. 

2.  A  policeman's  mace  or  club. 

Billy-f^te.  (  JVool-Mamifacture.)  The  moving 
carriage  in  a  tslabhing-machine. 

Bi'na-xy--en'giiie.  Usually  an  engine  having 
one  cylinder  whose  piston  is  impelled  by  .steam, 
which,  having  done  its  work  there,  is  exhausted  into 
another  part  of  the  apparatus,  where  it  is  allowed 
to  communicate  its  unutilized  heat  to  some  liquid 
volatile  at  a  lower  temperature  ;  the  vapor  of  this 
second  liquid,  by  its  expansion  in  a  second  cylinder, 
yields  additional  useful  force.  Ether,  chloroform, 
and  bisulphide  of  carbon,  have  all  been  tried. 

Bind'er.  1.  (Carpentry.)  A  tie-beam.  A  bind- 
ing-joist supporting  transversely  the  bridging-joists 
above  and  the  ceiling-joists  below,  to  shorten  the 
bearings.     See  Joist  ;  Floor. 

2.  {Shiplynildvig.)  A  ])rincipal  part  of  a  ship's 
frame,  such  as  keel,  transom,  beam,  knee,  etc. 

3.  (Sevn^ig-machine,)   A  device  for  folding  a  bind- 

Fig  «81. 
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ing  about  the  edge  of  a  fabric  and  sewing  it  thereto. 
See  **  Sewing-machine  Attachments,"  a  complete  di- 
gest to  1872,  by  George  W.  Gregory,  Washington, 

4.  (Agriculture.)    a.  An  attachment  to  a  reaping- 
machine  which  binds  the  gavels  into  sheaves. 

b.  A  wisp  of  straw,  a  cord,  wire,  or  other  band  for 
binding  a  sheaf  of  grain.  * 

5.  (Wcavina.)     A  lever  Fig.  682. 
applied  in  a  shuttle-box  to 
arrest  the  shuttle  and  pre- 
vent its  i-elx)unding. 

6.  (Bookbifiding.)  A  cov- 
er for  music,  magazines,  or 
pai)ers,  foiming  a  tempo- 
rary binder  to  keep  them 
in  order  for  convenient  ref- 
erence. 

Bind'er-frame.  A 
hanger  with  adjustable 
beanngs  by  which  the  an- 
gular i)osition  of  the  shaft-  Music-Bindn. 
mg  may  be  regulated  to 
suit  the  plane  of  motion  of  the  belting. 

ng.  688. 


Binder-Fhtme. 

Blnd'er'B  Board.  (Bookbinding.)  A  thick  sheet 
of  hard,  smooth,  calendered  pasteboard,  between 
which  printed  sheets  are  pressed  to  give  them  a 
smooth  surface.  Also  the  stiff  pasteboards  which 
form  the  basis  of  the  sides  of  book  covers. 

Bind'ing.  (Bookbindittg.)  The  putting  of  a  cover 
on  a  book.  In  the  trade,  binding  is  putting  on  the 
sides  ;  following  the  operations  of  folding,  gathering, 
semng,  rounding j  and  edge-cutting,  and  preceding 
the  coiJcring,  tooling,  lettering,  and  edge-gilding. 

Vaiious  kinds  of  binding  are  known  as  — 


Antique, 
Beve  ed, 

India-rubber, 

Levant, 

Boards, 

Morocco, 

Buff, 

Muslin, 

Calf, 

Roan, 

Cloth, 

Russia, 

Crushed, 

Sheep, 

Full, 

Vellum, 

Half. 

Velvet,  etc. 

Bind'ing-oloth.  (Fcibric.)  Dyed  and  stamped 
muslin  for  covering  books.  The  dyed  cloth  is  ])assed 
between  engraved  rollers,  or  is  worked  after  being 
cut  into  patterns  of  the  required  size.   The  engraved 


Digitized  by 


Google 


BINDING-GUIDE. 


284 


BIN17ACLE. 


cylinders  of  hard  steel  confer  the  impress  duuncter- 
istic  of  the  back  and  sides  along  with  embossed  de- 
signs over  the  surface  in  sharp  relief.  It  is  a  cheap 
and  good  substitute  for  leather,  which  it  has  nearly 
superseded  for  general  use. 

Bind'ing-S^da.   {Sewing-Machine, )  The  device 

is  adapted  to  receive  a  binding  and  fold  it  about  the 

•  edge  of  a  piece  of  material  to  be  bound.    Are  of  two 

FIg.eM 


vent  the  spreading  of  the  arched  roofs  of  the  fomace 
and  iron  chamber.    See  Puddlino-furnace. 

Bind'ine-ralt'er.  (Carpentry.)  A  longitudinal 
timber  in  a  roof,  supporting  the  rafters  at  a  point 
between  the  comb  and  eave.    See  Purlin. 

Bind'iiifB.  1.  {Shipbuilding,)  The  timbers  of 
a  ship  which*  hold  the  frames  tc^;ether.  Such  are 
the  beams,  knees,  clamps,  waUr^ways,  etc. 

2.  (Nautuxd,)  The 
iron  wrought  around 
the  dead-eyes, 

Bind'ing-Aorew. 
A  set- screw  which 
binds  or  clamps  two 
parts  together.  The 
term  is  applied  espe- 
cially, in  instruments 
of    graduation    and 


Binding- QuUU 

general  classes :  1.  A  flattened  tube  folded  ^pulually 
on  itself  longitudinally  from  near  its  receiving  to  its 
delivering  end,  but  with  a  space  left  for  the  edge  of 
the  material.  (See  patent  to  Sweet,  December  20, 
1853.) 

2.  Adjustable  hooks  projecting  through  the  face 
of  a  guide  and  facing  each  other ;  the  binding  is 
directed  by  the  guide  and  hooks,  the  material  to  be 
bound  rests  between  the  hooks,  and  the  latter  are 
adjustable,  to  lap  the  binding  more  or  less  on  either 
side.    (See  patent  to  Price,  June  19,  1860.) 

Some  binders  turn  in  or  hem  the  ed^  of  a  bias 
strip  of  cloth  as  it  is  applied  for  a  binding.  (See 
patent  to  Douglas,  October  5,  1858.) 

Bind'ing-joist  (Carpentry,)  A  joist  whose 
ends  rest  upon  the  wall-plates,  and  which  8up|>ort 
the  bridging  or  floor  joists  above  and  the  ceiling  joists 
below.    A  binder.    See  Joist  ;  Floor. 

The  binding-joist  is  employed  to  carry  common 
joists  when  the  area  of  the  floor  or  ceiling  is  so  laive 
that  it  is  thrown  into  bay^.  With  large  floors  ue 
binding-joists  are  support^  by  girders.  See  Gird- 
er. 

Binding-joists  should  have  the  following  dimien- 
sions :  — 

Width. 
InchM. 

4 

H 

5 

5i 

6 

7* 

Bind'ing-plate.  One  of  the  side-plates  of  a 
puddling  or  boiling  furnace,  which  are  tied  together 
oy  bolts  across  the  furnace,  and  by  flanges,  ana  serve 
to  bind  the  parts  of  the  furnace  togeUier  and  pre- 


Length  of  B«trtog. 

Depth. 

Feet 

Inehei. 

6 

6 

8 

7 

10 

8 

12 

9 

14 

10 

16 

11 

48 

12 

20 

18 

Binding- Scnw. 

measurement,  to  a  screw  which  clamps  a  part  in  a 
given  position  of  adjustment.  A  screw  by  which 
the  wire  of  a  galvanic  battery  is  held  in  close  contact 
with  other  metallic  portions  in  the  circuit 

Bind'ine-sorew  Clamp,  ((^a/vanitm.)  A  device 
used  with  voltaic  batteries ;  the  lower  portion  is  a 
clamp  for  the  zinc  or  copper  element,  wnich  is  sus- 
pended in  the  bath ;  the  upper  has  a  hole  for -the 
conductor-wire,  and  a  screw  which  comes  forcibly 
down  upon  it  to  ensure  contact. 

Bind'ing-strakas.  (Shipbuilding,)  Thick 
strokes,  planking,  or  wales,  at  points  where  they 
mav  be  bolted  to  knees,  shelf-pieces,  etc. 

Binding-wlra  The  wrapping-wire  for  attach- 
inff  pieces  which  are  to  be  soldered  together,  or  to 
hmd  in  intimate  contact  the  parts  concerned  in  a 
voltaic  circuit. 

Bind-ndL  (Hydraulic  Engineering,)  A  piece 
to  which  the  heads  of  piles  are  secured  by  mortising 
or  otherwise,  servinff  to  tie  several  of  them  t<^ther 
and  as  a  foundation  for  the  flooiing-joists  or  stringers. 
A  cap, 

Bmc.  (Mining,)  A  place  for  receiving  ore  readv 
for  smelting.  The  bing-nole  is  the  opening  through 
which  it  is  thrown. 

Blnk.  (Cotton-Manufacture.)  A  stack  of  cotton 
in  a  bin  or  on  the  floor,  consisting  of  successive  lay- 
ers of  cotton  from  different  bales  laid  in  alternating 
strata,  in  order  to  blend  them.     A  bunker. 

The  supply  of  cotton  for  the  machinery  is  taken 
by  raking  down  the  take  so  as  to  mix  the  cotton  of 
the  successive  layers  at  each  take, 

Bin'na-ola.  (Fr.  habittaele),  (Nautical,)  A  case 
or  box  for  containing  the  compass  of  a  ship  and  a 
light  by  which  it  is  illuminated  at  night. 

It  is  placed  immediately  in  front  of  the  wheel  or 
steering-apparatus,  and  secured  to  Uie  deck,  usoallyy 
by  metal  stays.  The  after  portion  has  glass  win- 
dows, so  that  the  compass  is  at  all  times  visible  to 
the  helmsman,  who  stands  at  the  wheel. 
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Fig.  688. 


Bin'o-de.  (Op- 
ties.)  A  Binocu- 
lar Telescope 
(which  see). 


Eye- Piece  for 
Optical  IrutrunuHis^ 

Bi-noo'u-lar 
Eye-pieoe.  {Op- 
tics.) One  in  which 
the  eye-piece  is  so 
oonstnictcd  and 
applied  to  the  ob- 
ject-glass as  to  di- 
BinnaeU.  vide    the    optical 

rncU  transmitted 
part  of  the  di- 
vided pencil,  a  real  or  virtual  image  of  the  object 
beyona  the  place  of  division. 

Bl-noo'u-lar  Qlasa.  (Optics.)  An  eye-glass  or 
telescope  to  which  both  eyes  may  be  applied. 

Alhazen,  the  Saracen,  who  flourished  in  Egypt 
and  in  Spain  a.  d.  1100,  **was  the  first  to  correct  the 
Greek  misconception  as  to  the  nature  of  vision,  show- 
ing that  the  rays  of  light  come  from  the  external  ob- 
ject to  the  eye,  and  do  not  issue  from  the  eye  and 
impinge  on  external  things,  as  up  to  his  time  had 
been  supposed.  His  explanation  does  not  depend 
upon  mere  hypothesis  or  supposition,  but  is  plainly 
based  upon  anatomical  investigation  as  well  as  on 
geometncal  discussion.  He  aetermines  that  the 
retina  is  the  seat  of  vision,  and  that  impressions 
made  by  light  upon  it  are  conveyed  along  the  optic- 
nerve  to  the  brain.  With  felicity  he  explains  that 
we  see  single  when  we  use  both  eyes,  because  of 
the  formation  of  the  visual  images  on  symmetrical 
portions  of  the  two  retinas."  —  Draper. 

The  camera-obscura  of  Leonardo  da  Vinci,  b.  1452, 
was  an  imitation  of  the  mechanical  structure  of  the 
eye. 

Samuel  Pepys,  in  "His  Diary,"  records  a  conver- 
sation with  Dr.  Scarborough  on  board  the  ** Charles," 
formerly  the  "  Nazeby,"  on  the  voyage  of  Charles  II. 
from  the  Hague  to  Dover,  May  24, 1660.  Dr.  Scar- 
•  borough  remarked  that  custom  taught  children  to  di- 
rect the  axes  of  the  two  eyes  convei-gingly  upon  an 
object,  and  presumed  that  the  visual  image  of  but 
one  eye  was  appreciated  at  a  time.  Dr.  Scarborough 
does  not  seem  to  have  deduced  from  this  that  the 
differed,  and  thus  imparted  the  sensation  of  ro- 


tunditv  or  saliency  to  the  ooject,  nor  the  other  fact 
that  the  angle  of  convergence  of  the  axes  gave  the 
impression  of  distance.  He  came  very  near  to  these 
great  deductions. 

A  good  illustration  of  the  principle  of  binocular 
vision  is  furnished  by  the  stereoscope,  invented  by 


Professoi^  Wheatstone,  and  forming  one  resalt  of  his 
discoveries.  When  we  are  looking  at  a  raised  object 
with  one  eye,  the  result  is  just  the  same  as  if  we 
looked  at  a  flat  surface,  so  far  as  the  colors,  shades, 
etc.,  are  skillfully  imitated  ;  but  when  we  look  with 
both  eyes,  the  inuu^e  in  the  right  eye  is  not  exactly 
like  that  in  the  left,  because  we  view  it  from  a  differ- 
ent point  of  sight.  It  is  true,  that  this  difference  • 
depends  only  on  the  small  distance  between  the  eyes, 
but  this  suffices  to  produce  different  ocular  ima^^ 
Wheatstone  has  shown  that  our  appreciation  of  raised 
objects  depends  mainly  on  this  circumstance ;  and 
his  stereoscope,  or  biTumlar  plass,  is  an  ingenious 
contrivance  for  making  two  plain  pictures  seem  to 
coalesce  into  one  rilievo,  or  raised  object. 

Bi-noo'u-lar  Mi'oro-Bcope.  (Optics.)  The  in- 
vention of  the  binocular  microscope  followed  that 
of  the  stereoscope  by  Professor  Wneatstone,  which 
led  to  a  general  appreciation  of  the  value  of  binocu- 
lar vision. 

Professor  Riddel,  of  New  Orleans,  and  after  him 
Wenham,  of  London,  made  attempts  to  adapt  the 
principle  to  microscopes.  Professor  Nachet,  of 
Paris,  devised  a  construction  in  which  the  pencil 
of  rays  issuing  from  the  objective  is  divided  by  an 
equilateral  triangular  prism,  and,  issuing  from  the 
right  and  left  sides  respectively,  the  divided  pencils 
are  received  bv  similar  prisms,  which  give  them  a 
direction  parallel  to  their  original  course ;  the  inter- 
val of  separation  being  determined  by  the  distance 
between  the  central  and  lateral  prisms. 

Wenham's  binocular  microscope  has  but  a  single 
prism,  which  reflects  one  half  of  the  rays  paasipg 

Fig.  689. 


WenhamU  Binoemlar  Weroteope. 

through  the  object-glass  into  the  additional  thbe  of 
the  binocular  body. 

This  instrument  can  be  used  as  a  monocular  or 
binocular.  In  the  former  case  the  prism-box  is  drawn 
back  so  as  to  allow  the  whole  of  the  rays  from  the 
object-glass  to  pass  into  the  straight  body. 
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Bi-noo'u-lar  Tel'e-soope.  {Optics.)  A  pair 
of  telescopes  'iiiounted  in  a  stand,  and  having  a  paral- 
lel adjastment  for  the  width  between  the  eyes.  The 
tubes  have  a  coincident  horizontal  and  vertical  ad- 
jastment for  altitude  and  azimuth. 

Galileo  inventdl  the  binocular  telescope  with  which 
he  experimented  in  the  harbor  of  Leghorn  on  a  ves- 
sel in  rough  weather  in  the  year  1617,  with  a  view 
to  the  more  convenient  observation  of  Jupiter's  satel- 
lites on  board  ship.  The  invention  has  usually  been 
attributed  to  the  Capuchin  monk  Schyrleus  de 
Rheita,  who  had  much  ex^rience  in  optical  matters, 
and  was  seeking  to  find  the  means  of  constructing 
telescopes  which  would  magnify  four  thousand  times. 
Bl'not  (Agriculture.)  A  kind  of  double-mold 
board-plow.     (Englisli. ) 

Bira-bolt.  A  thick,  pointless  arrow  to  kill  birds 
without  piercing  them.  ♦ 

Bird-cage.  A  box  or  case  of  wire,  small  sticks, 
wicker,  or  other  suitable  material,  forming  open- 
work, for  confining  birds.  Pepys  states  that  he 
bought  two  fine  cages  for  his  "canary-birds.  {Di- 
ary, January  25,  1661.)    See  Cage. 

Bird-caU.  A  short  metallic  cylinder,  with  a  cir- 
cular perforated  plate  at  each  end  ;  used  to  make  a 
trilling  noise,  as  a  decoy  for  birds. 

Bird-house. 
«g.«89.  A  box  for   birds, 

usuallv  set  on  a 
pole  planted  in  the 
ground  to  prevent 
access  of  cats  and 
other  vermin.  May 
be  made  an  archi- 
tectural feature,  but 
is  usiLally  a  modest 
affair,  put  up  for 
the  pleasure  or  see- 
ing the  birds  and 
the  satisfaction  of 
affording  them  com- 
fort and  protection. 
Bird'ing-piece. 
A  fire-arm  for  kill- 
ing birds.  A  shot- 
gun or  Fowling- 
piece  (which  see). 
Blrd-or'gan. 
A  small  barrel-or- 
|i;an,  used  in  teach- 
ing birds,  especial- 
ly the  bullfinch,  to 
smg. 

Bird's-mouth. 
(Carpentry.)  The 
notch  at  the  foot  of  a  rafter  where  it  rests  upon  and 
against  the  plate. 

Bird*B-ne8t  (Nautical.)  A  lookout-station  at 
a  mast-head  for  a  seaman  who  watches  for  whales. 

Bird-trap.  A  two-winged  flap-net  sprung  by 
hand,  or  a  box-trap  supported  on  a  figure-of-4,  with 
a  trigger  to  be  touched  by  the  bird  or  sprung  by  a 
person  on  watch.  The  netting  of  birds  by  the  former 
method  is  well  pictured  in  the  ancient  Egyptian 
paintings. 
Bi'reme.  {Nautical,)  A  two-banked  galley. 
Bir'lin.  (Nautical.)  Bior-linn  ;  a  galley  of  the 
Hebrides. 

Bir'rua.  (Fabric.)  An  old-time  coarse  woolen 
cloth. 

Bia-oay'an  Forge.    A  furnace  in  which  mallea- 
ble iron  is  obtained  direct  from  the  ore.    See  Cata- 
lan. 
Bis'ooit    1.  (Bread,)    a.  A  hard  cake  of  unfer- 


Bird'House. 


mented  Thread,  suitable  for  sea  use.  Formerly  it  was 
Imked  a  second  time  to  expel  the  moisture  more  com- 
pletely, in  order  that  it  might  keep  without  molding. 
A  cracker. 

b.  A  small  baked  cake,  rendered  spongy  by  carbonic- 
acid  gas  resulting  from  fermentation,  or  adding  soda 
and  an  acid.  Or,  a  small  baked  cake  with  shorten- 
ing of  lard  or  butter. 

2.  Articles  of  pottery  molded  and  baked  in  an 
oven,  pi'eparatory  to  the  glazing  and  burning.  In 
the  biscuit  form,  pottery  is  bibulous,  but  the  glaze 
sinks  into  the  pores  and  fuses  in  the  kiln,  forming  a 
vitreous  coating  to  the  ware. 

Biscuit,  by  its  derivation,  means,  ttoice  bakedy  and 
is,  or  was,  true  of  the  edible  biscuit ;  but  the  name  as 
applied  to  pottery  is  derived  from  the  similarity  which 
the  ware  in  this  sta^e  bears  to  the  edible  biscuit. 
It  is  a  favorite  matenal  for  statuettes  and  ornaments, 
owing  to  its  soft  tone  and  creamy  unglaring  sur- 
face. 

Bis'cuit-mak'ing  BCa-ohine'.  Previous  to  the 
introduction  of  machines  for  kneading  the  materials, 
rolling  the  dough,  and  cutting  out  th&  biscuits,  the 
flour  and  water  were  mixed  and  kneaded  by  hand, 
and  then  placed  on  a  platform  where,  by  means  of  a 
hinged  lever  called  a  break-staff,  the  process  is  com- 
pleted, the  person  sitting  on  the  break  and  bouncing 
up  and  down,  and  at  the  same  time  traveling  in  the 
arc  of  a  circle,  leaving  the  dough  in  a  thin  sheet, 
very  compact  and  comparatively  dry.  This  was  re- 
moved from  the  platform,  cut  into  slices,  molded  by 
hand,  pricked,  and  baked. 

The  oiscuit-machine  of  the  Navy  Victualling  Es- 
tablishment, Portsmouth,  England,  is  thus  described 
in  the  United  Service  Journal :  — 

**  The  first  operation  in  making  the  biscuits  con- 
sists in  mixing  the  meal  and  water.  18  gallons  of 
water  are  poured  into  a  trough,  and  then  280  pounds 
of  meal.  The  lid  is  shut  down,  and  an  apparatus, 
consisting  of  two  sets  of  knives,  is  made  to  revolve 
among  the  flour  and  water  by  machinery.  The  mix- 
ing lasts  2^  minutes,  during  which  the  stirrers  make 
26  revolutions. 

"The  lumps  of  dough  are  then  thrown  under  the 
breaking-rollers,  which  are  cylinders  of  iron  weighing 
about  1,500  pounds  each,  and  moved  by  maohinery 
upon  the  bench  whereon  the  dough  is'  laid.  ThV 
dough  is  thus  formed  into  masses  about  6  feet  long, 
3  feet  broad,  and  several  inches  thick.  The  mass, 
being  as  yet  imperfectly  kneaded,  is  cut  into  sections 
about  12  X  18  inches  of  the  thickness  mentioned,  and 
is  again  and  again  mashed  out  flat  by  the  traversing 
roller,  being  doubled  upon  itself  after  each  rolling. 

**  The  dough,  now  perfectly  kneaded,  is  carried  oy 
machinery  to  the  rollers,  where  it  is  made  into  sheets 
of  the  required  thickness.  The  cutting  is  effected 
by  a  plate,  consisting  of  a  network  of  52  sharp-edged 
hexagonal  frames,  each  as  large  as  a  biscuit.  The 
frame  is  moved  slowly  up  and  down  by  machinery, 
and  the  workman,  watehing  his  opportunity,  slides 
under  it  the  sheet  of  dou^h,  which  is  about  the  size 
of  a  leaf  of  a  dining-table.  The  cutting-frame,  in 
its  descent,  indents  the  sheet,  not  cutting  it  quite  ' 
through,  but  leaving  sufiicient  substance  to  enable 
the  workman  at  the  mouth  of  the  oven  to  jerk  the 
whole  mass  of  biscuits  undivided  into  the  oven.  A 
follower  in  each  of  the  cutter-fram^  moves  up  and 
down,  giving  way  as  the  cutters  are  pressed  upon 
the  dough,  and,  as  the  cutters  rise,  ejecting  the 
dough  from  the  frames. 

**  The  establishment  has  9  ovens,  each  11  x  13  feet, 
and  17^  inches  in  hight.  They  are  heated  by  sepa- 
rate furnaces,  so  constructed  that  a  blast  of  not  air 
and  fire  sweeps  through  them,  and  gives  to  the  inte- 
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rior  the  requisite  dose  of  heat  in  an  incredibly  short 
space  of  time.  Fifteen  minutes  is  sufficient  for  bak- 
ing, and  the  biscuit  are  afterwards  placed  for  three 
days  in  a  drying-room  heated  to  80^  or  90%  which 
completes  the  process. 

"The  producing  capacity  of  the  machinery  is  1,790 
pounds  of  biscuit  jier  nour."' 

Bi-seot'ing  Di-vid'ers.    Pronortional  dividers 
whose  legs  are  ])eniianently  pivoted  at  one  third  of 
their  length  from  the  shorter  end,  so  that  the  dis- 
tance between  the  two  points  at  that  end,  when  the 
dividers  are  opened,  is  just  one  half  that  measured 
by  the  longer  legs. 
Bi-Boof  ing  Gage.    The  bar  has  two  cheeks,  one 
acyustable.    The  ends 
Fig  690.  of  the  toggle-bar  con- 

nect to  the  respective 
cheeks,  and  at  the 
pivot  of  the  toggle  is 
a  pencil  or  scribe-awl 
which  marks  a  medi- 
an line  between  the 
facing  sides  of  the  two 
cheeks. 

BiA^muth.  Equiv- 
alent,  212;    symbol, 
Bi;  specific  gravity, 
9.823 ;    fusing-point, 
Bueeti$%g  Oage.  497"*  F.     A   reddish - 

white,    hard,    brittle 
metal,  of  radiated  crystalline  structure. 

Its  principal  use  is  as  an  ingredient  in  alloys,  es- 
pecially those  which  are  designed  to  fuse  at  low  tem- 
peratures, such  as  the  solders  and  fusible  plugs  for 
steam-boilers. 

The  oxide  of  bismuth  is  a  cosmetic.  See  Alloys, 
under  the  heads  of  white  inUaU  ;  solders  ;  fusible 
alloys. 

Bis'muth  Fur'naoe.  At  Scneeberg,  in  the  Saxon 
Erzegebii^e,  bismuth  is  reduced  in  a  furnace  similar 
to  that  shown  in  the  cut.     The  raw  mineral  is  in- 

Fig.  681. 


Pig.  692. 


Bismuth  JWnocf. 

serted  into  the  higher  ends  of  the  iron  tubes  P,  which 
are  then  shut.  The  lower  ends  of  the  tubes  are 
closed  by  plates  having  an  aperture  near  the  lower 
edge,  through  which  the  melted  metal  flows,  and  is 
received  in  clay-pots  c,  which  are  kept  hot  by  a  fire 
beneath.  In  this  state  it  contains  a  proportion  of 
sulphur  and  arsenic,  which,  however,  may  be  removed 
by  fusing  the  metal  with  one  tenth  its  weight  of 
niter. 

Bisque.  (P&rcelain.)  The  baked  ceramic  articles 
which  are  subsequently  glazed  and  burned  to  form 
porcelain.     See  Biscuit. 

Bie/tou-ry.  {Surgical. )  From  Pistori,  a  French 
town  where  these  knives  were  early  made. 

A  surgical  instrument  for  making  incisions,  having 
a  handle  and  a  blade,  which  may  be  either  fixed  or 


movable,  and  variously  formed  to  adapt  it  to  spe- 
cial purposes.  Bistouries  are  known  as  straiglit, 
curved,  sharp,  probe,  etc. 

Bi-sul'phide  of  Car'bon  Bn'gina  A  com- 
pound engine  in  which  the  vapor  from  bisulphide 
of  carbon  is  employed  in  the  second  cylinder  instead 
of  steam  as  a  motive-power.     A  binary  engine. 

Two  engines  are  used  in  the  Ellis  arrangement. 
They  may  be  coupled  together  or  used  independently. 
One  of  these  engines  is  run  by  steam  in  the  usual 
way,  and  its  exhaust  taken  to  heat  the  boiler  that 
drives  the  other  engine  ;  this  boiler  is  filled  with  a 
mixed  volatile  liquid,  consisting  principally  of  the 
bisulphide  of  carbon,  which  boils  at  110  F.,  and  at 
the  usual  temperature  of  exhaust  steam  ^ves  a  press- 
ure of  65  pounds  to  the  inch.  This  boiler  is  heated 
by  passing  the  exhaust  steam  through  its  flues  on  its 
way  from  the  cylinder  to  the  atmosphere,  and  the 
vapor  which  is  produced  in  it  is  used  to  drive  the 
second  engine.  The  exhaust  vapor  from  this  en^ne 
is  condensed  to  liquid  by  cooling,  and  pumped  into 
the  boiler  again,  and  used  continuously  with  very 
little  loss. 

Bit.  1.  {Locksmithing.)  The  part  of  a  key 
which  enters  the  lock  and  acts  upon  the  bolt  and 
tumblers.     See  Key. 

The  bit  of  a  key  consists  of  the  loeb  and  the  wards. 
The  loeb  is  the  portion  left  after  the  wards  are 
notched,  sawn,  or  filed  out. 

In  the  permutations  locks,  each  separate  piece 
composing  the  acting  part  of  the  key  is  termed  a 
bit.  These  fit  upon  the  stem  of  the  key,  from  which 
they  are  removable,  and  are  interchangeable  among 
themselves,  so  as  to  allow  the  key  to  be  set  up  with 
various  combinations  agreeing  with  the  set  of  the 
tumblers. 

2.  (Wood-vjorking.)  a.  A  boring  tool  used  by 
attachment  to  a  bracef  whereby  it  is  rotated.  An 
atiger  has  many  points  of  resemblance  to  a  bit,  but 
has  a  cross-handle  whereby  it  is  rotated,  whereas  a 
bit  is  stocked  in  the  socket  of  a  brace,  and  is  rotated 
thereby. 

The  following  are  the  varieties  of  Boring-Bits,  and 
their  adjuncts :  — 


Annular  bit. 

Auger. 

Auger-bit. 

Awl. 

Bit-holder. 

Boring- bit. 

Brad-awl. 


Broach. 

Bung-borer. 

Center-bit. 

Chamfering-bit. 

Coal -boring  bit. 

Cone-bit. 

Countersink-bit. 
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Dowel-bit. 

DriU. 

DriU-bit. 

Ducks-bill  bit. 

Expanding-bit. 

Faucet-bit. 

Felloe  auger. 

Flute-bit. 

French -bit. 

Gennan-bit. 

Gimlet-bit 

Gouge-bit. 

Grooved  bit. 

Hollow  auger. 

Shell-auger. 

Lip-bit. 


Nose-bit. 

Opening-bit. 

Piercel. 

Pod-bit. 

Plug-center  bit. 

Pump-bit. 

Quill-bit. 

Reaming-bit. 

Shell-bit. 

Spiral  bit. 

Spiral -rib  bit. 

Spoon-bit. 

Terrier. 

Twisted  bit. 

Vent-bit. 

Wimble. 


The  gouge-hit  {a,  Fig.  693),  before  the  invention 
of  the  pod,  spooTif  and  twisted  bits,  resembled  the  half 
of  a  reed  spUt  lon^tudinally,  and  had  a  sharp  end 
like  a  gouge.  This  was  also  known  as  the  quUl-bit, 
or  sheu-bit. 

It  was  improved  by  giving  a  auarter-round  end  to 
Uie  semi-cylindrical  shank,  the  sharp  end  working  at 
the  bottom  of  the  hole  and  removing  a  spiral  chip 
instead  of  depending  upon  the  penetration  of  the 
sharp  end  of  the  tube,  as  in  the  gouge-bit.  This 
was  a  great  improvement,  and  was  the  pod-hit,  or 
lip-bit. 

The  change  to  the  spoon-bit  {b)  was  merely  giving 
a  conoidal  end  to  the  tool,  which  enabled  it  to  enter 
more  accurately  at  a  given  spot.  This  is  the  dowel- 
hit,  being  used,  by  cooprs  on  barrel-heads,  and  by 
furniture-makers  on  table-leaves.  This  is  also  called 
the  duck's-bill  bit. 

The  Tiose-bit  or  shell-auner  (c),  when  on  a  large  scale, 
has  the  first  example  of  a  tMe  or  rovting  cutter, 
which  is  afterwards  so  prominent  a  feature  in  the 
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screw-augers.  It  has  a  long  barrel,  and  the  large 
sizes  are  used  by  the  pump-makers,  and  call^  pump- 
bits. 

One  form  of  countersink-hit  has  a  cutting  enlarge- 
ment on  the  shank,  which,  according  to  its  shajie, 
may  make  a  suitable  depression  for  the  chamfered 
head  of  a  screw,  its  usual  purpose,  or  may  serve  to 
sink  a  bolt-head  or  nut  out  of  sight  in  the  material. 
See  Chamfer. 

In  another  form,  attached  to  the  shaft  of  a  boring- 
bit  is  a  countersink,  or  cutting  lip,  that  will  enlarge 
the  hole  bored  by  the  bit,  it  Ming  adjustable  on  the 
bit,  and  having  a  gage  to  determine  the  depth  of  hole 
or  countersink. 

The  countersink  has  two  faces,  either  of  which 
may  be  presented  to  the  work.  One  has  a  tooth  and 
router,  which  makes  a  square-bottomed  countersink ; 


and  the  other  has  a  chamfering  lip,  which  makes  a 
conical  countersink. 

The  ehamfering-bit  (d),  for  opening  holes  so  as  to 
admit  the  conical  heads  of  the  ordinary  wood-screw, 
consists  of  a  conical  reamer  with  teeth.  It  may  be 
employed  on  wood,  metal,  or  other  material  which 
is  to  receive  the  head  oT  the  wood-screw. 

The  gage  is  adjustable  on  the  countersinker,  and 
the  latter  on  the  stem  of  the  bit,  so  the  hole  may  be 
made  of  a  regulated  depth,  and  the  countersink  also. 

Other  gages  adaptable  to  the  use  of  bits  are  shown 
under  the  head  of  Auoer-oage  (which  see). 

The  expandiiig  center-bit  {e)  consists  of  a  shank  and 
center-point,  and  a  lanc«t,  or  chisel-shaped  cutter, 
whose  distance  from  the  center  is  regulated  by  slip- 
ping the  bar,  like  that  of  a  beam -compass,  in  the 
socket  of  the  head,  a  set  screw  maintaining  it  at  its 
adjustment.  This  serves  for  cutting  out  disks,  or 
for  cutting  circles  for  inlaying. 

For  cutting  hard  wood,  such  as  the  finger  and  key 
holes  of  flut^  bits  are  employed 
with  a  square  point  and  two  di-  ^-  694. 

ametrical  cutting-lips  {g.  Fig.  694); 
the  smaller  one  approaches  very 
closely  the  character  of  a  drill,  in- 
to which,  indeed,  many  of  the  bits 
sensibly  glide,  especially  those 
adapted  for  working  in  hard 
wo(Kis,  and  other  materials  hard- 
er than  wood,  such  as  bone  and 
metal. 

The  Freiich  hit  {h),  for  hard 
wood,  is  a  drill,  and  as  such  is 
used  in  a  lathe-head.  The  cen- 
ter-point and  two  sides  mei^ 
into  an  easy  curve,  which  is 
sharpened  all  the  way  round  and 
a  little  beyond  the  largest  part.  Boring-Bits. 

The  German  pod-hU  {k,   Fig. 
695)  has  a  long  elliptical  pod  and  a  screw-point.     It 
makes  a  taper  to  the  end  of  the  hole  unless  it  is 
driven  clear  through. 

The  center-bit  consists  of  three  parts :  a  center 
}x>int  or  pin,  filed  triangularly,  which  serves  as  a 
guide  for  position  ;  a  thin  cutting-point  or  nicker 
that  cuts  through  the  fibers  and  circumscribes  the 
hole  ;  and  a  broad  chisel- edge  or  router,  placed  ob- 
liquely, and  tearing  up  the  wood  within  the  circle 
marked  out  by  the  point. 

Center-bits  are  also  made  with  plug  centers, 
so  as  to  follow  in  a  hole  previously  made,  the  cir- 
cular cutter  and  rouier  enlarging  the  hole.      See 

AUOER. 

Another  form  of  the  center-bit  is  that  of  the  wine- 
cooper,  which  consists  of  a  conical  plug  armed  with  a 
bit  at  its  end.  The  hole  having  been  made,  the  plug 
instantly  drops  into  the  hole  and  prevents  the  lofis 
of  liquor.    See  Auger. 

An  annular  bit,  consisting  of  a  center-point  with- 
out the  router,  but  having  one  or  more  cutting  teeth, 
is  used  to  cut  out  disks  of  metal,  wood,  horn,  bone, 
shell,  or  paper  for  buttons.  It  is  then  called  a  but- 
Um-tool,  (See  e.  Fig.  698.)  See  Auoer,  Annitlar, 
where  several  are  represented,  which  only  differ  in 
size  from  the  button-tool.  This  tool  also  approaches, 
in  principle  and  action,  the  Trephine  ana  Crown- 
Saws  (wnich  see). 

Twisted  drills,  differinginsome  details,  are  in  much 
favor  among  American  mechanics,  but  for  some  reason 
are  not  so  popular  in  Europe.  They  are  an  Ameri- 
can invention,  and  the  subject  having  been  treated 
once  under  Augers  (which  see),  it  will  not  be  well 
to  duplicate  the  remarks,  or  perhaps  necessary  to  add 
to  them  here. 
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There  are  four  modes  of  forming  the  twist,  though 
they  are  not  equally  popular  or  common  :  — 

A  ribhon  coued. 

A  flat  plate  twisted. 

A  spiral  rib  on  a  straight,  central  stem. 

A  spirally  grooved  cylinder. 

The  spiral  ribbon  m  is  a  bar  having  a  half-round 
section.  This  is  twisted  so  as  to  throw  the  flat  side 
to  the  exterior  to  form  the  outside  of  the  cylinder  ; 
the  inside  is  not  filled  up  by  the  metal,  but  makes 
a  hollow  spiral,  and  the  bottom  end  has  a  single 
cutting-lip. 

The  twisted  flat  bar  n  assumes  the  form  ©f  a 
double-threaded  screw,  no  central  vacancy  existing 
in  the  twist.  The  end  terminates  in  a  worm  which 
leads  the  auger  into  its  work,  as  in  the  gimlet,  and 
each  of  the  two  lips  has  a  cutting  tooth  and  a  rout- 
ing cutter. 

Fig.  695. 
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The  spiral-rib  bit  o  is  known,  especially  in  Eng- 
land, as  the  American  bit,  and  has  a  cylindrical  shaft, 
around  which  is  twisted  and  brazed  a  single  fin  or 
rib ;  or  the  bit  maybe  swaged  between  dies,  or  twisted 
from  a  central  stem  with  a  single  straight  rib. 

Behind  the  worm,  as  in  example  p,  may  be  a  small 
diametric  mortise  for  the  reception  of  a  detached  cut- 
ter which  has  the  nicking-point  and  cutting-lip  of 
the  ordinary  center-bit.  The  cutter  is  kept  in  its 
central  position  by  a  square  notch  which  embraces 
the  central  shaft  of  the  bit,  a^nst  which  it  is  forced 
by  a  wedge.    Cutters  of  varying  sizes  may  be  used. 

The  grooved  bit  s  has  a  cylindrical  stem  and  spiral 
groove.  The  groove-shanked  gimlet  is  an  example 
of  it. 

The  Cook  and  the  Kasson  bits,  in  which  the  cutting- 
lips  are  formed  by  sharpening  the  curved  edges  of 
the  worm,  are  referred  to  under  Auger  (which  see). 
They  cut  admirably. 

The  reaming  bit  is  a  broach  of  hardened  steel, 
generally  four-sided,  and  used  to  enlarge  holes  in 
metal. 

Expanding-bits  are  useful  in  two  ways  :  — 

To  render  a  single  bit  applicable  for  boring  holes 
of  varying  sizes. 

To  enlaige  the  size  of  a  hole  beneath  the  surface, 
giving  it  an  undercut  or  dovetail  character. 

One  form  of  expandirig-hit,  t,  has  a  central  portion 
which  has  the  point,  and  a  hinged  portion  which  car- 
ries the  scribe  and  the  router.  The  movable  portion 
is  set  by  a  screw,  so  as  to  regulate  the  radius  of  the 
hole. 

Another  form,  w,  has  three  radial  cutters,  which 
are  expanded  by  means  of  a  taper  wedge  and  an  axial 
screw.     The  latter  is  operated  by  a  screw-driver. 


Expand  ing-Biis, 

whose  end  is  introduced  into  the  socket,  the  thread- 
ed end  of  which  is  the  means  of  securing  it  to  the 
brace,  chuck,  or  mandrel. 

b.  The  cutting-iron  of  a  plane.     See  Plane-bit. 

c.  The  cutting-iron  inserted  in  the  revolving  head 
of  a  planing,  molding,  tonguing,  and  grooving,  or 
similar  machine. 

d.  The  cutting-blade  of  an  axe,  hatchet,  or  simi- 
lar tool,  as  distinguished  from  the  pole,  wbich  forms 
a  hammer  in  some  tools. 

8.  {Harness.)  The  iron  part  of  a  bridle  which  is 
inserted  in  the  mouth  of  a  horse,  and  having  rings 
by  which  the  cheek-straps  and  reins  are  attached^ 
See  Brid;«£-bit. 

4.  {Jaw- Tools.)  The  jaw  of  a  tongs,  pinchers,  or 
other  similar  grasping-tool,  e.  g.  JkU-bit  tongs. 

5.  (TinmaiCs  TooU.)  The  copper  piece  of  a  sol- 
dering-tool  riveted  to  an  iron  shank.     A  copper-bit. 

6.  (Metal- Working.)  A  boring-tool  for  metal, 
many  of  which  are  called  bits;  as,  half-round  bit, 
rose-bit,  cylinder-bit.    See  Drill. 

7.  The  metallic  connecting  joint  for  the  ribs  and 
stretchers  of  umbrellas. 

A  n -shaped  piece  of  metal  swaged  into  shape  and 
clamped  or  soldered  to  the  rib,  wnich  is  secured  to 
it  by  a  wire  pin  passing  through  an  eye  in  the  stretch- 
er and  holes  in  each  of  its  Ic^.  The  cross-formed 
blank  is  bent  up  to  embrace  the  back  of  the  rib  and 
closed  on  to  it ;  the  legs  are  pierced  with  holes  for 
the  joining-pin  ;  MitUSe-bit;  Oet. 

mte.  {JPrifUing.)  An  imperfect  portion  of  an 
impression,  owing  to  the  frisket  overlapping  a  por- 
tion  of  the  form  and  keeping  Uie  ink  m>m  so  much 
of  the  paper. 

Bito-UL  (Engraving.)  The  process  of  corroding 
an  etched  plate.    See  Etching. 

Bit-key.     A  key  adapted  for  the  permutation 

Pig.  697. 


©HZ)  00 fl as ^ 


Bit-Key. 


Digitized  by 


Google 


BIT-STOCK. 


290 


BLACKING. 


lock,  tlie  8tep8  being  formed  by  movable  bits,  as  in 

the  Hobbs  lock. 
Bit-fttook.  The  handle  bv  which  a  bit  is  held 
and  rotated.  It  has  a  flat  but- 
Fig.  698.  ton  upon  which  the  pressure  is 
;^  exerted,  and  is  curved  about  mid- 
way into  a  D-shape,  to  afford  con- 
venient grasp  to  the  hand.  Also 
called  a  brace.  The  special  de- 
vices usually  relate  to  means  for 
firmly  holding  and  readily  releas- 
ing the  bit.  In  Fig.  698,  the 
end  of  the  shank  of  the  bit  abuts 
against  a  sliding  center-piece  C 
Iwcked  by  a  spring.  The  shoul- 
der of  the  tool  is  embraced  by 
the  jaws  a  a  on  the  end  of  the 
bit-stock ;  these  are  closed  or 
opened  by  a  sleeve  D,  which  has 
ai\  inclined  slot  traversed  by  a 
pin,  which  prescribes  the  longi- 
tudinal motions  of  the  sleeve. 

Bit-pinch'en.    {Locksmith- 

ing.)    Pinchers  having  curved  or 

recessed  jaws. 

Bit-siock.  Bltt    (NautuxU.)    Primarily, 

a  post  secured  to  several  decks, 

and  serving  to  fasten  the  cable  as  the  ship  rides  at 

anchor.     Miding-biU;  warpyng-hiU. 

Other  hiUs  are  used  for  certain  purposes  ;  as  — 

a.  The  pawl-biUs,  to  which  the  pawls  of  the  wind- 
lass are  secured. 

b.  The  carrick  or  wmdZasa  bitts,  in  which  the  bar- 
rel of  the  windlass  is  joumaled. 

c.  Winch-bUts,  similar  in  purpose  to  b. 

The  heel  of  the  bowsprit  is  stepped  between  bow- 
sprU'biUSf  and  is  prevented  firom  canting  up  by  a 
cross-piece  bolted  to  the  bitts. 

d.  Belaying-biUs  are  smaller  than  ridinp-biUSy  and 
consist  of  two  upright  posts  and  a  cross-piece.  They 
are  used  for  belaying  the  laiger  ropes,  such  as  the 
sheets  and  braces. 

For  belaying  ropes  in  order  of  size,  — 

A  riding-bitt.  A  belaying-cleat. 

A  keveL  A  belaying-pin. 

A  belaying-bitt. 

Bifter-end.  (yaiUical)  The  part  of  the  cable 
abaft  the  bitts.  The  last  end  of  a  cable  in  veering 
out.     The  clinching  end. 

Bltt-^eads.  (Shipbuilding.  \  The  upright  tim- 
bers bolted  to  several  decks,  and  serving  as  posts  to 
which  the  cable  is  secured.  They  correspond  to  bol- 
lards on  a  wharf  or  quay.     Knigkt-heada. 

Bit'ting-rig'giiig.  (Saddlery.)  A  bridle,  sur- 
cingle, back-strap,  and  cnipper.  The  bridle  has  a 
gag-rein  and  side-reins,  the  latter  buckling  to  the 
surcingle.  The  ri^ng  is  placed  on  young  horses 
to  give  them  a  good  carriage,  but  must  be  released 
occasionally,  as  the  bent  position  of  the  neck  and 
elevation  of  the  head  is  unnatural,  and  takes  time  to 
acquire. 

Bitt-Btop'per.  (Nautical.)  A  rope  rove  through 
a  knee  of  the  riding-bitt  and  used  to  clinch  a  cable. 

Bi-xet^  (Dvamond-CuUing.)  The  upper  faceted 
portion  of  a  brilliant-cut  diamond  which  projects 
from  the  setting.  It  has  one  third  of  the  whole 
depth  of  the  gem,  being  cut  in  82  facets,  which  oc- 
cupy the  zone  between  the  girdle  and  the  tahU,  See 
Brilliant. 

Blaok.  The  pigment  which  absorbs  all  the  light 
rays  is  usually  carbon  in  some  form. 

Charcoal  is  prepared  by  heating  wood  to  redness  in 
a  position  protected  from  the  oxygen  of  the  atmosphere. 


Bone-black  \a  prepared  by  the  distillation  of  bone 
in  retorts. 

Animal  charcoal  is  another  name  for  bone-blaeh. 

Ivory-black  is  a  bone-black  obtained  from  cuttings, 
raspings,  dust,  and  scraps  of  ivorv. 

Lamp-blade  is  the  soot  obtained  by  collection  from 
the  burning  of  impure  and  refuse  resinous  matters 
and  oils. 

Spanish-blade  is  the  carbon  of  cork. 

Peach-black  is  obtained  from  peach-stones. 

Frankfort-black  is  the  carbon  obtained  ftt>m  the 
marc  of  grapes,  wine-lees,  peach-kernels,  and  bone- 
shavings. 

Oerman-bUuk  is  another  name  for  the  Frankfort 

Viiu-black  is  the  carbon  of  the  grapevine. 

Graphite,  also  called  plumbago  and  black-lead 
(misnomers),  is  a  form  of  mineral  carbon.  See  Bonb- 
BLACK  ;  Charcoal  ;  Lamp-black,  etc. 

Blackboard.  A  diagram  boanl  used  in  schools 
and  lecture-rooms  for  the  public  demonstration  of 
problems,  the  exhibition  of  examples,  and  the  illus- 
tration of  propositions  in  natural  philosophy,  etc. 
They  are  prepared  by  closely  joining  together  well- 
seasoned  boards  planed  smooth,  and  iMonting  them 
with  several  coats  of  black  paint  mixed  with  finely 
pulverized  pumice-stone  or  similar  material,  so  as  to 
impart  a  slight  roughness  to  the  face,  that  the  chalk 
employed  in  writing  may  leave  distinct  marks  on  the 
board  and  yet  rub  off  freely. 

Black'en-ing.  1.  (Founding.)  An  impalpable 
powder,  usually  charcoal,  employed  by  molders  to 
" dust "  the  "partings  "  of  the  mold. 

2.  (Leather-Afanufacture.)  A  solution  of  sulphate 
of  iron  applied  to  tne  grain  side  of  the  skin  while 
wet ;  it  unites  with  the  gallic  acid  of  Uie  tan,  and 
producer  a  black*  dye. 

Black  Flux.  (Metallur^.)  A  material  used  to 
assist  in  the  melting  of  various  metallic  substances. 
It  is  made  by  mixing  equal  parts  of  niter  and  tartar, 
and  defla^ting  them  together.  The  black  sub- 
stance which  remains  is  a  compound  of  charcoal  and 
the  carbonate  of  potassa. 

Black-ground  Il-lu'mi-na-tor.  (Optical  In- 
slrument.)  One  in  which  an  opaque  sur&ce  is  intro- 
duced behind  the  object,  while  illuminating  rays  are 
directed  around  and  upon  it.  For  forms  of  tms  see 
Spot-lens  ;  Parabolic  Illuminator. 

Black'ing.    A  composition  for  polishing  leather. 

Recipes.  Liquid  blacking  :  1.  Ivory-black,  5  oz.  ; 
treacle,  4  oz.  ;  sweet  oil,  f  oz. ;  triturate  until  the 
oil  is  thoroughly  mixed  in  ;  then  stir  in  graduslly  ^ 
pint  each  of  vinegar  and  beer  lees. 

2.  Ivory-black,  1  lb.  ;  sperm-oil,  2  oz.  ;  beer  and 
vinegar' each  one  pint,  or  sour  beer  1  quart. 

8.  Bryant  and  James's  patent  inaia-rubber  liq- 
uid blacking :  india-rubber  (in  small  pieces),  18  oz.  ; 
hot  rapese^-oil,  9  lbs.  (1  gall.) ;  ivoir-black,  in 
fine  powder,  60  lbs.  ;  treacle,  45  lbs.  ;  add  gum-ara- 
bic, dissolved  in  vinegar,  1  lb. ;  triturate  the  mixture 
in  a  paint-mill ;  place  in  a  wooden  vessel,  and  add 
12  ll».  sulphuric  add  ;  stir  dail^  \  hour  for  14 
days ;  then  add  3  lbs.  of  gum-arabic,  and  repeat  the 
stirring  daily  for  14  days,  when  the  blacking  will  be 
ready  for  use. 

Paste:  — 

Ivory-black    ....     4  pounds. 
Molasses     ....        8  pounds. 
Sperm-oil  (hot)       .        .        .9  ounces. 
Gum-arabic         ...        1  ounce. 
Vinegar  .        .12  ounces. 

Mix ;  stir  occasionally  during  6  days.   More  vine- 
gar will  liquefy  the  compound. 
The  addition  of  sulphuric  acid  to  ivory-black  and 
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sogar  produces  sulphate  of  lime,  and  soluble  acid 
phosphate  of  lime,  which  makes  a  tenacious  paste. 
Liebig's  recipe :  — 

.     8 
4 


Hg.  TOO. 


Ivory-black 
Molasses  , 


Hydrochloric  acid 
Sulphuric  acid 
Water . 


ad,  lib. 


Harness-blacking :    1.  Glue  or  gelatine,  4  oz. ; 

gum-arabic,  8  oz.  ;  water,  |  pint ;  dissolve  by 
eat ;  add  treacle,  7  oz.  ;  ivory-black  (in  very  fine 
powder),  5  oz.  ;  and  gently  evaporate  until  of  a 
prpper  consistency  when  cold,  stirring  all  the 
time.    To  be  kept  corked. 

2.  Mutton-suet,  2  oz.  ;  beeswax,  6  oz. ;  melt,  add 
sugar  candy,  6  oz.  ;  soft  soap,  2  oz.  ;  lampblack,  2} 
oz. ;  indigo  (in  fine  powder),  J  oz. ;  wnen  thor- 
ou^ly  incorporated,  add  oil  of  turpentine,  J  pint, 
dw  Beeswax,  1  lb.  ;  ivory-black,  i  lb. ;  prussian 
blue,  1  oz.  (ground  in  linseed-oil,  2  oz.) ;  oil  of  tur- 
pentine, 3  oz.  ;  copal  varnish,  1  oz.  ;  mix  well  to- 
gether, and  form  into  cakes  while  warm. 

4.  To  the  last,  while  still  hot,  add  soft  soajp,  4  oz.  ; 
oil  of  turpentine,  Q  oz. ;  put  into  pots  or  tins  while 
still  warm. 

Blaok'ing-bmsh.  A  brush  for  cleaning,  black- 
ing, or  polishing  boots ;  a  stiff  brush  for  removing 
dirt ;  a  soft  brush  for  applying  the  blacking,  and  a 
medium  brush  for  polishing.  A  blacking  and  a  pol- 
ishing brush  on  tne  respective  sides  of  the  same 
brush-back  is  the  usual  arrangement. 

BXack'ing- 
Hg.  699.  case.    A   case 

forblackingand 
brushes.  That 
shown  in  Fig. 
699  has  a  re- 
ceptacle in  the 
chair  - s  eat 
which  contains 
the  appliances 
and  also  a  foot- 
rest  The  seat 
b  is  hinged,  and 
serves  as  a  cover 
to  the  recepta- 
.  cle. 

Black-jaok. 
{Mining.)  A 
native  sulphu- 
retofzinc.  Also 
.  known  as  moci(:- 
lead.  See 

Blende. 

Black-lead. 
A  native  form 
Blacking-  Ca.se .  of  carbon  some- 

times contain- 
mg  traces  of  iron.  The  terms  black-lead  and  plum- 
bago are  misnomers,  as  the  article  has  no  lead  in  its 
composition,  though  it  gives  a  mark  like  lead  when 
drawn  over  a  surface.  OraphiU  is  the  preferable  term, 
referring  to  its  uses  in  writing  and  drawing.  See 
Graphite. 

Blaok-lead'ing  Ma-chine'.  A  machine  for 
coating  the  surfaces  of  electrotype  molds  with  plum- 
bago. The  carriage  which  supports  the  mold  is 
moved  gradually  along  the  bed  beneath  the  brush, 
which  has  a  quick,  vibratory  movement  in  the  same 
direction.  The  graphite,  being  sprinkled  on  the 
mold,  is  caused  to  penetrate  the  recesses  of  the  let- 
ters in  the  matrix  by  the  penetrating  points  of  the 
bristles. 


EUuk-lAadin§  Madam. 

Black-plate.  The  sheet-iron  plate  before  tin- 
ning. 

Blaok'smlth's  Chis/eL  Blacksmith's  chisels, 
for  cutting  iron  bars,  are  divided  into  two  principal 
classes,  for  hot  and  for  cold  iron,  distinguished  from 
each  other  bv  the  different  angles  of  the  cutting  ed^, 
and  by  the  former  kind  having  a  wooden  handle  in- 
serted through  an  eye  at  right  angles  to  the  length 
of  the  chisel. 

The  hardy  is  a  chisel  having  a  tang  fitting  into  a 
hole  in  the  anvil.  (See  Anvil.)  When  usS  upon 
hot  iron,  the  chisel  has  a  withe  of  hazel  or  other  soft 
wood  wound  around  it. 

Blaok'smlth's  Tools.    See  the  following :  — 


Anvil. 

Barnacles. 

Bar-shoe. 

Battery-forge. 

Beak. 

Bellows. 

Black-work 

Bore. 

Butteris. 

Calking-anvil. 

Calking-tones. 

Calking-tools. 

Calking-vise. 

Calk-sharpener. 

Calk-swage. 

Cautery. 

Chisel. 

Clincher. 

Collar-tool. 

Coupler. 

Creaser. 

Cutting-shoe. 

Die. 

Drift. 

Foot-rest. 

Forge. 

Forge,  Portable 

Forging-machine. 

Fuller. 

Fullering-tool. 

Hammer. 

Hand-hook. 

Hardy. 

Hoof-spreader. 

Horse-nolder. 

Horseshoe. 

Horseshoe  anvil. 

Horseshoe  machine. 


Horseshoe  nail. 

Horseshoe  nail-machine. 

Horseshoe  vise. 

Jam-weld. 

Jumping. 

Lunette. 

Mandrel. 

Miter-iron. 

Monkey. 

Oliver. 

Ox-shoe, 

Pliers. 

Porter. 

Prick-punch. 

Pritchel. 

Punch. 

Riveting-tools. 

Roundinji^-tool. 

Searing-iron. 

Slake- trough. 

Sledge. 

Snap-head. 

Stifle-shoe. 

Stock. 

Stock  and  dies. 

Stocks. 

Striker. 

Swage. 

Swage-block. 

Tap. 

Tift. 

Tilt-hammer. 

Tire-bender. 

Tire-heater. 

Tire-shrinker. 

Toe-calk. 


Top-tool. 
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blAnket-washer. 


Triblet. 
Tuyere. 
Twitch. 


Upsettrng-machine. 
welding-swage. 


Blaok-Hitrake.  (Shivbuiiding.)  The  strake next 
below  the  lower  or  gun-deck  ports. 

Black  Tin.  (Minmg.)  Tin  ore,  washed  and 
dressed,  beaten  into  a  black  powder,  and  ready  for 
smelting. 

Blaok-wall' mtcfau  (NaiUicaL)  A  bend  to  the 
back  of  a  tackle-hook  or  to  a  rope,  made  by  passing 
the  bight  round  the  object  and  jamming  it  by  its 
own  standing  part.    See  Hitoh. 

Black-work.  The  work  of  the  blacksmith  in 
contradistinction  to  bright- work  or  the  work  of  the 
silversmith. 

Blade.  In  a  mechanical  sense  this  is  a  sharp 
instrument,  relativel]^  long,  thin,  and  flat.  It  is 
applied  to  objects  wMch'  haye  the  proportions  of  a 
loufe  or  sword,  such  as  the  sharp-edged  beaters  in 
hemp  or  flax  brakes,  the  cutters  in  some  descriptions 
of  corn-harvesters,  and  to  other  objects  which  have 
the  function  of  knives  or  cutters. 

A  blade,  in  usual  parlance,  is  that  of  a  knife,  sword, 
axe,  adz,  saw,  and  is  less  frequently  applied  to  the 
tools  which  are  driven  endwise,  such  as  the  chisel 
and  gouee. 

1.  {Nautical,)  a.  The  part  of  the  anchor-arm 
which  receives  the  palm,  forming  a  ridge  behind  the 
latter. 

b.  The  toaah  of  an  oar ;  that  part  which  is  dipped 
in  rowing. 

2.  The  web  of  a  saw. 

8.  (fFeapon.)  a.  The  blade  of  a  bayonet  consists 
of  the 

PoitU,  Flat, 

Back,  Fullers  or  grooves, 

b.  The  flat  metallic  portion  of  a  knife  or  sword 
which  is  secured  in  the  handle  or  hiU  by  a  tang. 
The  blade  of  a  sword  consists  of  the 
Shoulder;  at  the  junction  of  the  tang. 
Forte;  half  the  blade  nearest  the  guard. 
Foible  or  foible  ;  half  the  blade  nearest  to  the  point. 

Tang,  Flat. 

PoirU, 

Back, 

4,  {Agriculture,)  The  share  of  a  shovel-plow, 
cultivator,  or  horae-hoe.   These  are  of  various  forms. 

Fig.  701. 


UMkk 


ti 


Flow  cmd  Cultivator  Btade*. 

5.  {Shipvfrighting,)  The  float  or  vane  of  a  pad- 
dle-wheel or  propeller. 

Blano'ard.  {Fabric)  A  Unen  doth  of  Nor- 
mandy, made  of  half -bleached  thread. 

Blan'ohard  Lathe.  A  lathe  for  turning  irregu- 
lar forms,  invented  bv  Thomas  Blanchard.  It  was 
the  first  successful  lathe  for  turning  gun-etocks,  axe- 
handles,  shoe-lasts,  etc  The  idea  was  partly  elicited 


in  Brunei's  block-turning  machine.  See  Block* 
MAKING  Machine  ;  Lathe. 

Blanched  Cop'per.  {Metallwrqy,)  An  tXLcj 
composed  of  copper,  8  oz.,  and^  oz.  of  neutral  arseni- 
cal salt,  fosed  together  under  a  flux  of  calcined  bo- 
rax, charcoal-dust,  and  fine  powdered  glass. 

Tin  or  zinc  is  added  in  the  white  tombac  of  the 
East  Indies,  — mock  silver, 

Bl anch-lm^e-ter.  An  instrument  for  measuring 
the  bleaching  power  of  a  chloride.    See  Ghlorim- 

ETER. 

Blanch'tng.    {Metallurgy.)    Tinning  of  copper. 

Blank.  1.  ^Architecture.)  Blank  doors  or  blank 
windows  are  imitations,  and  used  for  ornamentation 
or  to.  secure  uniformity  in  the  design. 

2.  {Metal-iporking.)  a.  A  piece  of  metal  brought 
to  the  required  shape  and  ready  for  the  finishing 
operation,  whatever  it  may  be. 

b.  A  planchet  of  metal,  weighed,  tested,  and  milled, 
is  a  blaiik  ready  for  the  die-press,  which  converts  it 
into  a  coin. 

c.  A  strip  of  softened  steel  made  into  the  required 
shape  is  a  blank,  which  cutting  and  tempering  trans- 
form into  AjUe. 

d.  A  piece  of  iron  with  a  flaring  head,  and  other- 
wise properly  shaped  ready  for  nicking  imd  thread- 
ing, is  a  screw-blank,  which  with  the  final  operations 
becomes  a  screw. 

The  list  might  be  prolonged,  but  the  above  is  suf- 
ficiently indicative. 

Blank-car'tiidge.  An  inclosed  chai|^e  of  pow- 
der without  shot.  Used  for  firing  wanungs  or  sa- 
lutes  and  in  exercising  troops. 

Blank-cut^tiiig  Ma-cnine'.  {Metal-working.) 
A  machine  for  cutting  out  pieces  of  metal  for  fabri- 
cation into  articles ;  such  as  keys,  files,  buttons, 
etc. 

Blank'et.  1.  {FaJbric)  A  coarse,  heavy,  open, 
woolen  fabric,  adapted  for  bed  covering,  and  usually 
napped.  It  may  be  twiUed  or  otherwise.  A  name 
appUed  to  any  coarse  woolen  robe  used  as  a  wrap- 
ping. 

**  Antlphaoes,  that  iritty  man,  aaji: 
*  Coc^  come  ftom  Ells,  poU  tnan  Axgot, 
Corinth  blankets  sendB  Id  l>ui]ge8.* " 

AxEmMXj%  (A  D.  290). 

The  poncho  is  a  blanket  with  a  hole  in  the  center 
for  the  head  to  ^  throu^.  It  is  worn  by  the  South 
Americans,  Mexicans,  and  Pueblo  Indians. 

2.  {lYinting.)  A  piece  of  woolen,  felt,  or  pre- 
pared rubber,  placed  between  the  inner  and  outer 
tympans,  to  form  an  elastic  interposit  between  the 
face  of  the  type  and  the  descending  platen. 

Blank'et -'waah'er.  A  machine  for  washing 
printer's  blankets.     Ordinarily  it  consists  of  a  vat 

Fig.  702. 


and  rollers,  the  blanket  being  alternately  soaked  and 
squeezed.  In  the  illustration  a  scraper  or  ttodor  is 
used  to  clean  the  roller.  A  similar  machine  is  uaed 
for  calicoes  and  other  fabrics. 
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Blank-tire.    A  tire  without  a  flan^. 

Blare.  (Nautical.)  A  paste  of  hair  and  tar  for 
calking  the  seams  of  boats. 

Blast.  1.  (MeUd'iDorking.)  An  artificial  current 
of  air  to  urge  a  fire  ;  as,  hot-blast ;  cold-blast. 


A,  shaft,  fire-room,  tunnel;  the  internal  cavity. 
}B,  belly  ;  the  widest  part  of  the  shaft. 
C,  lining,  shirt;  the  inner  coat  of  fire-bricks. 

Fig.  704. 


BUist-Fumaee. 


Fig.  703  is  a  perspective  view  of  the  furnace.  The 
hot-blast  apparatus  is  seen  at  the  left.  In  front  is 
the  sand-bed,  into  which  the  metal  flows  to  form 


The 


he  parts  of  a  blast-furnace  are  named  as  fol- 
lows :  — 


the  fire-hearth. 

Tap-hole ;  an  opening  cut  away 
in  the  hardened  loam  of  the  dam. 

0,  iymp-areh,  working-arch,  folds,  faulds  ;  the 
arch  of  the  mamile  which  admit  to  the  firt' 
hearth, 

P,  tuyere-arch,  ttoyer-arch;  arch  of  the  mantle 
which  leads  to  the  tuyeres. 


Digitized  by 


Google 


BLAST-FURNACE. 


294 


BLASTING. 


Q,  tttyere,  twyer,  iioere ;  the  cast-iron  pipe  which 
forms  the  nozzle  for  the  blast. 

It,  S,  arches  for  ventilation. 

T,  channels  in  the  masonry  for  the  escape  of  moist- 
nre. 

A  laige  Welch  blast-furnace  contains  150  tons  of 
ignited  material  (iron-ore,  coke,  and  limestone-flux), 
and  requires  20, 000  cubic  feet  of  air  per  minute.  The 
weight  of  the  air  thrown  into  the  mmace  every  24 
hours  is  nine  times  the  weight  of  the  charge  of  fuel, 
ore,  and  flux. 

Blast-furnaces  are  now  buUt  as  much  as  103}  feet 
high,  27}  feet  at  the  bosh,  and  8  feet  at  the  hearth. 
The  average  make  of  such  a  fomace  is  550  tons  weekly. 
The  consumption  of  coke  is  16  cwt.  per  ton  of  iron 
made,  and  9^  cwt.  of  limestone  per  ton  of  iron  when 
forge-iron  is  produced.  The  blast  is  supplied  by  six 
tuyeres  to  each.  A  cast-iron  pipe  is  carried  around 
each  surface,  from  which  smaller  pipes  branch  off  at 
equal  distances  to  the  tuyeres.  These  pipes  are  cov- 
ered b^  a  non-conducting  composition,  out  wrought- 
Iron  pipes  may  be  used  in  place  of  these,  lined  with 
fire-brick  inside  four  inches  in  thickness.  The  fur- 
naces are  plated  outside,  and  closed  at  the  top  on 
the  cup  and  cone  principle.  The  blowing-engine  for 
the  two  furnaces  has  a  67-inch  steam-cylinder,  180- 
inch  blowing-cylinder,  10 J  foot  stroke.  The  stoves 
used  heat  the  blast  to  1,400**.  Four  stoves  are  re- 
quired for  each  furnace.  Each  stove  has  two  rows 
of  pipes  ;  there  are  nine  double  pipes  in  each  row, 
11  feet  in  length ;  the  pipe  is  of  the  flat  form,  the 
two  passa^  in  each  beug  18  inches  by  4  inches 
inside,  divided  by  a  partition  1  inch  thick,  the  whole 
of  the  metal  being  of  that  thickness,  which  renders 
them  much  lighter  than  the  old  form  of  pipes. 

The  blast  enters  at  one  side  of  a  row  of  pipes,  and 
must  pass  through  nine  double  pipes  before  it  makes 
its  exit  at  the  other  side.  The  figures  apply  to  the 
Cleveland  ore,  England.    See  Smelting. 


ng.  70& 


Fig.  706. 


Laboratory  Btast-Fumaee. 

A  small  blast-furnace 
for  the  laboratory,  such  as 
that  used  by  Faraday  at 
the  Royal  Institution, 
consists  of  an  outer  pot, 
which  is  bored  for  the 
nose  of  the  bellows,  and 
an  inner  pot,  whose  bot- 
tom was  cut  off  and  the 
interior  fitted  with  a  < 


Btast-Fumace. 


Pounded  glass-pot 


powder  was  packed  while  wet  m  the  interval  between 
the  two  pots.  The  fuel  is  coke.  The  outer  pot  is 
18  inches  high  and  13  inches  external  diameter. 
The  inner  pot  has  7}  internal  diameter  at  top  and  5 
inches  at  bottom. 

Fig.  706  shows  a  view,  partly  in  section,  of  an 


arrangement  in  which  an  annular  boiler  surmoontB 
the  ore-chamber  of  the  furnace,  and  its  steam  passes 
bv  a  pipe  to  a  tube,  where  it  is  associated  with  a  hot- 
blast  from  an  air- 
pump,   and  the      •  Fig.  707. 
combined  fluids 
are      driven 
through  the  tuy- 
eres    into     the 
furnace.        The 
air-pump       C 
keeps  up  a  uni- 
form blast,  and 
is  itself  driven  C 
by    the    steam  - 
from  the  boiler 
B.    Hot  air  and 
superheated 
steam  are  min- 
gled and  injected 
mto  the  furnace 
at    the    tuyeres 

Fig.  707  shows 
a  somewhat  dif- 
ferent  form    of  L 

furnace,  with  the  Btast-Funuue. 

boiler  in  section. 

The  jacket-boiler  surmounts  the  ore-chamber,  form- 
ing the  tunnel-head  of  the  furnace.  An  inclined 
chute  passes  through  the  boiler,  and  is  the  means  of 
supplying  the  ore  and  coal.  The  pipes  conducting 
the  steam  are  laid  in  cement. 

Blast-hearth.  {Metallurgy.)  The  Scotch  ore- 
hearth  for  reducing  lead  ores. 

Blast-hole.  (Hydraulics.)  The  induction  waters 
hole  at  the  bottom  of  a  pump-stock. 

Blasfing.  The  process  of  rending  rocks,  etc., 
by  means  of  boring,  filling  the  hole  with  an  explo- 
sive, and  then  firing  it  off.  Improvements  apper- 
tain to  the  modes  of  drilling  the  holes,  the  composi- 
tion of  the  explosive,  and  the  means  of  igniting. 

Gunpowder  is  said  to  have  been  first  used  for 
blasting  in  Germany  or  Hungary,  a.  d.  1620 ;  and 
some  German  miners,  brought  to  England  by  Prince 
Rupert,  introduced  the  practice  at  the  copper  mine 
of  Eckford,  in  Staffordshire,  the  same  year. 

The  preliminary  operation  in  blasting  consists 
in  boring  or  drilling  holes,  in  which  are  to  be  placed 
the  charges  of  gunpowder  or  other  explosive  mate- 
rials employed  to  rend  the  rock. 

The  implements  ordinarily  used  for  this  purpose 
are  the  jumper,  or  drill,  the  hammer,  and  the  scraper. 
The  jumper  is  a  bar  of  iron,  in  length  propor- 
tioned to  the  depth  of  hole  to  be  bored,  and  is  faced 
with  steel  for  a  part  of  its  length  :  those  of  1}  inches 
diameter  and  upward  are  worked  by  three  men,  two 
of  whom  strike  alternately  on  the  end  of  the  jumper 
with  hammers,  while  the  third  turns  it  so  as  to  con- 
stantly present  the  cutting  edge  to  a  fresh  surface  of 
stone.* 

This  is  a  slow  and  laborious  operation,  experience 
having  shown  that  in  flpranite  three  men  working  as 
above  with  a  jumper  of  3  inches  diameter,  such  as  is 
used  for  boring  holes  from  9  to  15  feet  deep,  would  not 
penetrate  more  than  about  4  feet  per  day  on  an  aver- 
age ;  or  with  a  2i-inch  jumper,  5  feet  per  day,  the 
l^t  being  employed  for  noles  from  5  to  10  feet  deep. 

Chum-jumpers  are  so  called  from  the  manner  in 
which  they  are  worked,  by  a  vertical  churning  or 
pounding  movement,  no  hammer  being  employed : 
they  have  a  steel  bit  at  each  end,  are  usually  worked 
by  two  men,  and  are  generally  of  smidler  diameter 
than  those  which  are  worked  by  a  hammer ;  in  drill- 


Digitized  by 


Google 


BLASTING. 


295 


BLASTING. 


img  holes  that  are  yertical  or  nearly  so,  and  in  mod- 
erately hard  rock,  they  are  found  more  advantageous 
than  the  others,  two  men  being  able  to  bore  about 
16  feet  per  day  with  a  chum-jumper  of  1(  to  IJ  in 
diameter.  They  are  sometimes  used  with  a  spring 
rod  and  line,  much  in  the  manner  of  the  most  prim- 
itive way  of  boring  artesian  wells. 

General  Bni]goyne  mentions  seeine  the  same  device 
in  use  in  blasting  the  calcareous  rocks  of  Marseilles, 
at  the  foot  of  the  hill  on  which  the  fort  of  Notre 
Dame  de  la  Garde  now  stands. 

The  common  way  of  charging  the  hole  is,  where 
the  moisture  is  not  excessive,  to  pour  loose  powder 
into  it  to  a  certain  depth,  depending  on  the  judgment 
of  the  miner  (one  third  the  depth  of  the  hole  is  a 
common  allowance  under  ordinary  circumstances) ; 
the  needle,  which  is  a  wire  sufficiently  long  to  reach 
well  down  into  the  char^^  of  powder,  and  provided 
with  a  handle  to  enable  its  easy  withdrawal,  is  then 
inserted  and  the  hole  tamped,  a  wad  of  hay,  straw, 
dry  turf,  or  other  suitable  material,  being  first  placed 
over  the  powder  ;  the  tamping  is  performed  by  ram- 
ming down  small  fragments  of  broken  brick  or  of 
stone  which  does  not  contain  silex  to  endanger  strik- 
ing fire,  by  means  of  an  iron  bar  called  a  tamping- 
rod ;  when  the  hole  is  tamped  nearly  up  to  the  level 
of  the  ground,  an  inch  or  two  of  moist  clay  is  usually 
placed  over  the  tamping,  and  the  needle  withdrawn  ; 
it  may  be  remarked  that  the  needle  should  be  fre- 
quently turned  as  the  ramming  proceeds,  so  that  it 
may  be  withdrawn  without  disturbing  the  tamping. 
The  priming  is  effected  by  pouring  fine  grained  pow- 
der down  the  hole  left  by  the  needle,  or,  what  is  bet- 
ter, straws  filled  with  powder  are  pushed  down,  com- 
municating with  the  blasting  charge  ;  a  bit  of  slow- 
match  or  touch-paper,  calculated  to  bum  long  enough 
to  allow  the  workmen  to  retire  to  a  place  of  safety, 
is  then  ignited,  and  placed  in  contact  with  the  prim- 
ing. 

In  the  constraction  of  the  Southeastern  Railway 
400,000  cubic  yards  of  compact  chalk  were  lifted 
from  the  face  of  the  Round  Down  Cliff,  two  miles 
west  of  Dover,  England,  at  a  single  blast. 

Three  charges  were  employed,  placed  in  chambers, 
70  feet  apart,  the  center  and  largest  one  bein^  placed 
at  a  salient  point  72  feet,  and  those  on  each  side  each 
66  feet  distant  from  the  face  of  the  cliff.  The  charges 
of  powder  were  7,500  lbs.  in  the  main  chamber,  and 
5,500  lbs.  in  each  of  the  others.  Shafts  tapering 
fh>m  bottom  to  top  were  driven  downward  rrom  a 
driftway  previously  cut  in  the  rock,  and  from  the 
bottoms  of  these  shafts  galleries  were  cut  at  right  an- 
gles to  the  driftway.  These  were  also  enlai^ged  at 
their  inner  extremities,  to  secure  the  tamping.  The 
chambers  were  cut  at  right  angles  to  the  naileries. 
After  charging,  a  dry  wall  of  chalk  was  built  across 
the  mouths  of  the  chambers  ;  the  galleries  and  shafts 
were  tamped  with  the  same  matenal,  and  the  tamp- 
inff  was  extended  into  the  driftway  10  feet  on  each 
siae  of  each  shaft.  Three  DanielVs  batteries  and 
three  sets  of  wires  were  used  for  firing  the  mines, 
which  was  done  simultaneously.  The  mass  of  rock 
removed  averaged  880  feet  in  hight,  860  in  length, 
and  80  in  thickness.  See  Artesian-well  ;  Tun- 
nel ;  Well-borino  ;  and  Specific  Indexes  under 
Civil  Engineering  and  Mining. 

See  Raymond's  "Mines,  Mills,  and  Furnaces*': 
J.  B.  Ford  &  Co.,  N.  Y.,  1871.  Blake's  "Mming 
Machinery"  :  New  Haven,  1871.  Also,  "Blasting 
and  Quarrying  of  Stone  and  Blowing  up  of  Bridpres," 
by  Lieutenant -General  Sir  J.  Burgoyne  of  the  Eng- 
lish Militar^r  Engineers.  No.  85  of  Weale's  Rum- 
mentary  Series  :  London. 

The  following  table  from  General  Sir  Charles  Pas- 


ley's  **  Memoranda  on  Mining"  will  give  the  means 
of  calculating  the  space  occupied  by  any  given  quan- 
tity of  powder  in  round  holes  of  different  sizes,  firom 
one  to  six  inches :  — 


Dtemeter 
of  the 
hole. 


Powder  contained 
in  one  inch  of  hole. 


Inches. 
1 

I' 

8 

? 

5* 


U). 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0.419 
0.942 
1.676 
2.618 
8.770 
5.181 
6.702 
8.482 
10.472 
12.6n 
16.080 


Powder  confined  |^J^/j;jj>\« 


in  one  foot  of  hole. 


lb.  of  powder. 


0  5.028 

0  ll.a(>4 

1  4.112 

1  16.416 

2  18.240 

8  18.672 

5  0.424 

6  6.784 

7  ia664 

9  8.062 
11  4.960 


.  Inches. 
88.197 
16^76 
9.649 
6.112 
4.244 
8.118 
2.887 
1.886 
1.528 
1.268 
1.061 


The  following  table  shows  the  quantity  of  powder 
required  to  lift  from  its  bed  rock  of  usual  weight 
(about  1  j  tons  to  the  perch)  and  ordinary  consistence. 


Line  of  least 
resistanoe. 


Feet. 
1.0 
1.6 
2.0 
2.6 
8.0 
8.6 


Charges  of 
powder. 


lb.      OS. 

it 

4 

71 

184 

1       6J 


Line  of  least 
vesistanoe. 


Feet. 

4 

4.6 

6 

6 

7 

8 


Charges  of 
powder. 


lb.  OS. 

2  0 

2  m 

8  144 

6  12 

10  114 

16  0 


The  obstruction  known  as  Blossom  Rock  in  the 
harbor  of  San  Francisco  was  removed  by  construct- 
ing a  coffer-dam  around  a  portion  of  the  rock,  a  po- 
rous sandstone,  and  excavating  its  interior,  leaving 
a  shell  about  6  feet  thick,  supported  by  props,  to  re- 
sist the  pressure  of  the  water.  The  space  excavated 
measured  140  by  50  feet,  and  varied  m  depth  from 
4  to  29  feet.  28  tons  of  powder  were  used,  part  of 
which  was  inclosed  in  water- proof  casks,  and  the  re- 
mainder in  iron  tanks.  These  were  connected  by 
insulated  wires  with  an  electric  battery.  When  all 
was  ready,  the  coffer-dam  was  removed,  and  the  wa- 
ter permitted  to  fill  up  the  excavation,  acting  as  a 
tamping.  The  result  is  represented  to  have  b^n  en- 
tirely successfiil. 

Maillefert's  process  in  removing  fFay*8  Reef  in  the 
Hurl-Gate  (Hell  Gate)  obstruction,  on  the  East  Riv- 
er, N.  Y.,  consisted  in  depositing  a  quantity  of  pow- 
der on  the  surface  of  the  rock  to  oe  removed,  and 
then  exploding  it.  There  is  no  cumbrous  apparatus 
used.  A  sounding-pole  to  ascertain  the  depth,  a 
boat  to  contain  the  operators,  and  an  electric  battery, 
are  the  machinery  employed.  The  explosion  is  ef- 
fected by  electricity,  and  it  is  the  same  tning  whether 
the  operators  are  stationed  near  or  far,  tney  need 
never  be  in  danger. 

The  force  of  the  current  is  such  as  to  render  it 
difficult  to  fix  drilling  apparatus.  The  process  was 
successful  on  prominences  and  to  a  certain  extent ; 
where  a  broad  area  was  fiat,  the  value  of  the  process 
rapidly  diminished. 

Shelbume's  apparatus  on  the  Frying-pan  Jiock,  in 
the  same  estuary,  was  a  heavy  stamping-drill,  oper- 
ated by  a  steam-engine,  and  acting  in  a  tube  which 
directed  its  blows  ;  the  hole  obtained  receiving  a 
chai^  of  nitro-glycerine. 

The  work  of  removing  the  obstructions  in  the  East 
River  has  now  devolved  Upon  the  United  States  En- 
gineers, under  General  Newton.  They  are  proceed- 
ing by  building  coffer-dams  and  driving  headings.  It 
is  a  regular  tunneling  business,  and  when  the  whole 
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roof  U  blown  off  and  the  pillars  broken  off,  the  new 
river-bottom  will  be  the  bottom  of  the  drifts,  plus 
what  of  the  rock  may  fall  back  into  the  hole.  Such 
can  be  grappled  and  removed. 

Nitro-glyoerine,  dualin,  dynamite,  and  various  oth- 
er compounds  of  terrific  energy,  are  used  in  these  ^leat 
engineering  projects.  It  is  understood  that  nitro- 
glycerine has  been  the  principal  agent  in  the  Mount 
Uenis  tunnel,  as  it  has  oeen  Tor  some  years  past  in 
the  Hoodac. 

The  idea  of  blasting  by  a  torpedo  in  tlie  bottom  of 
an  oil-well,  to  open  crevices  and  increase  the  flow  of 
oil,  seems  to  have  been  entertained  by  a  number  of 
persons,  including  Professor  Hare,  but  was  reduced 
to  practice  by  Colonel  Roberts.    See  Torpedo. 

Blast'ing-fuse.  The  common  blastinff-fuae  is 
merely  a  tube  filled  with  a  composition  wnich  will 
bum  a  sufficient  length  of  time  to  allow  the  person 
firing  it  to  reach  a  place  of  safety  before  it  is  burnt 
out. 

Safety-fuse,  by  which  the  chaige  can  be  fired 
by  a  man  at  a  considerable  distance,  is  also  gen- 
erally employed.  Some  of  these  consist  of  a  tape  ^ 
of  soft  material  saturated  with  a  highly  infl^- 
mable  compound  (fulminates  are,  we  believe, 
employed  in  some  to  increase  the  speed  of  the 
flame),  and  covered  with  an  envelope  of  water- 
proof material.  Firing  by  electro- battery  is 
much  safer. 

Blaatlng-nee'dle.  A  long  taper  piece  of 
copper,  or  iron  with  a  copper  point ;  used  when 
tamping  the  hole  for  blasting,  to  make  by  its 
insertion  an  aperture  for  a  fuse  or  ti-ain. 

Blasf  ing-pow'der.  It  was  formerly  thought 
that  a  slow-burning  powder,  containing  a  com- 
paratively small  proportion  of  niter,  —  about  62 
per  cent,  —  was  more  effective  for  blasting  pur- 
poses, allowing  more  time  to  produce  a  rending 
effect  upon  rock  before  being  consumed  than  the 
quicker  and  stronger  powder  used  in  fire-arms  *, 
but  the  tendency  now  is  toward  the  use  of  sub- 
stances of  far  f^reater  rapidity  of  ignition,  and  o' 
greater  expansion  in  the  act  of  assuming  the 
saseous  state,  than  even  the  strongest  gunpow- 

Among  moi*e  than  thirty  patented  compositions  for 
blasting  powder  are  the  following  ingrecUents.  The 
specific  combination  in  each  case  might  be  given 
would  space  permit. 

1.  Forms  of  carbon  :  — 


Burnt  cork. 

CharcoaL 

I^copodium. 

White  sugar. 

Sawdust. 

Horse-dung. 

Starch  of  flour. 

Petroleum  products. 

Cutch. 

Tannin. 


Gambler. 

Brown  coal. 

Peat. 

Logwood. 

Bark. 

Carbolic  acid. 

Aloes. 

Paraffine. 

Fatty  matters. 

Resins. 


2.  Metallic  salts,  etc.  :  — 


Chi.  potash. 

Red  sulph.  arsenic. 

Ferro-cyan.  potassium. 

Nitrate  of  potassa. 

Sulphur. 

Chloride  of  sodium. 

Cyanuret  of  zinc. 

Barilla. 


Carbonate  of  soda. 
Nitrate  of  lead. 
Ammoniacal  salts. 
Nitrate  of  soda. 
Carbazotate  of  potash. 
Azotate  of  potash. 
Nitrate  of  iron. 
Nitric  acid. 


Blasfing-tools.  Baron  Li&bhaber  of  Paris  ob- 
tained a  patent  in  France,  1845,  for  a  mode  of  en- 
laiging  the  lower  part  of  a  blast-hole  by  the  appli- 


cation of  muriatic  or  other  acid  1  part,  diluted  in 
water  3  parts. 

A  tube  {k,  Fi^.  708)  is  inserted  in  the  hole  and 
externally  sealed  around  the  lower  end  with  a  com- 
position wnich  prevents  the  rising  of  the  vapofs  of 
the  acid  in  the  space  between  the  tube  and  the  sides 
of  the  hole.  The  acid  is  poured  into  a  funnel  and 
down  an  inner  tube,  the  annular  space  forming  a  duct 
for  the  escape  of  the  gas,  the  spent  liquid  escaping 
at  a  bent  spout.  The  hole  is  then  emptied  by  a 
siphon  or  pump,  and  dried  to  prepare  it  for  the  chai^ 

The  principal  blasting  tools  are  — 

Tl)e  hammer,  for  striking  the  borer. 

Borer,  or  jumper.     Drill, 

Oad;  a  wedge  for  driving  into  openings  made  by 
a  pick. 

Pick. 

Scraper;  for  clearing  the  hole. 

Needle,  or  priming-unre ;  a  thin  copper  rod  whooe 


bed 


& 


Fix  '08. 
t     S       t         »      < 


i! 


II 


withdrawal  leaves  a  vent  whereby  the  chaige  is 
reached. 

Claying-har,  tamping-iroti,  or  rammer  :  for  driv- 
ing down  the  tamping. 


The  fuse,  or 
malch. 

a  e  f,  scrapers 
for  clearing  the 
blasting-hole. 

h  h  i,  needles 
for  pricking  the 
cartridge. 

c,  tamping-bar. 

d,  driU. 

g,  bar  for  ram- 
ming in  the  car- 
tridge. 

k,  funnel  and 
pipe  for  introduc- 
ing acid  to  enlarge 
the  bottom  of  the 
hole. 

Blast-ma- 
ohine'.  {Pneu- 
maiics.)  A  fan  A 
inclosed  within  a 
box  B,  to  which 
the  wings  C  are 
attached,  so  that 
the  whole  revolves 


Fig.  709 
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together.  It  is  closely  fitted  within  a  stationaiy 
exterior  case  i>,  into  which  it  is  journaled.  Air  is 
admitted  at  the  sides  around  the  axis,  and  forced 
dut  through  an  aperture  at  the  periphery  by  the 
rapid  rotation  of  the  fan,  which  may,  by  belt  and 
ptuley  connections,  be  driven  at  the  rate  of  1,800 
revolutions  per  minute.    See  Blower. 

Blast-me'ter.  (Pneumatics.)  An  anemometer 
applied  to  the  nozzle  of  a  blowing  enfl;ine. 

slast-noB'sle.  The  orifice  in  the  delivery-end 
of  a  blast-pipe.     A  tuyere. 

Blast-pipe.  { Steam- Bngine.)  A  pipe  conveying 
the  escape-steam  from  the  cylinders  up  the  smoke- 
stack of  the  locomotive  to  aid  the  draft.  Its  inven- 
tion is  ascribed  to  Geoige  Stephenson. 

Blaz'ing  Com'et    A  form  of  pyrotechnics. 

Blas'lng-oA  {Afetal-toorking.)  Tempering  by 
means  of  buminp^  oil  pr  tallow  spread  on  the  spring 
or  blade,  which  is  heated  over  a  fire. 

Bleaoh'ing.  The  art  of  removing  color  from  fab- 
rics, etc.  It  was  known  in  India,  Egypt,  and  Syria, 
and  in  ancient  Gaul. 

As  at  present  practiced,  the  process  dates  back  only 
to  the  banning  of  the  present  century. 

linen  was  formerly  sent  from  England  to  Holland 
to  be  bleached.  This  was  performed  by  several 
months'  exposure  to  air,  hght,  and  moisture. 
The  linens  were  spread  on  the  ground  and  sprinkled 
with  pure  water  several  times  daily.  They  were 
called  Hollands,  and  the  name  still  survives. 

In  1749  the  system  of  hiicking  and  crofting,  that 
is,  soaking  in  alkaline  lye  and  spreading  on  the 
grass,  was  introduced  into  Scotlana.  After  five  or 
six  repetitions  of  these  processes,  the  linen  was 
dipped  in  sour  milk  and  then  crofted.  The  processes 
were  repeated.  The  cotton  manufacture  at  this  time 
was  in  its  earliest  infancy. 

The  next  improvement  wtis  the  substitution  of 
dilute  sulphuric  acid  for  sour  milk.  This  reduced 
the  time  one  half. 

Scheele,  in  1774,  had  discovered  chlorine ;  and 
Berthollet,  in  1784,  ascertained  that  an  aqueous  so- 
lution of  chlorine  discharged  vegetable  colors.  This 
he  communicated  to  Watt,  and  it  was  soon  adopted 
in  Scotland  with  linen.  Berthollet  added  potash  to 
the  water  to  preserve  the  health  of  the  workmen  and 
the  texture  of  the  goods. 

Dr.  Henry,  of  Manchester,  substituted  lime  foT 
potash,  the  goods  being  passed  through  a  cream  of 
time  and  then  exposed  to  chlorine.  This  formed  a 
chloride  of  lime  on  the  cloth. 

In  1798,  Tennant,  of  Glasgow,  adopted  a  saturated 
solution  of  chloride  of  lime,  and  subsequently  im- 
pregnated dry  lime  with  the  gas,  making  bleaching 
powder. 

Bleaching,  of  cotton  goods  especiallv,  is  conduct- 
ed on  a  systematic  large  scale,  and  includes  singeing 
and  washing  ;  the  former  to  remove  the  fibrous  down 
from  the  surface,  and  the  latter  to  remove  the  dirt 
and  impurities  acquired  in  spinning  and  weaving. 

The  following  process  is  employed  for  cotton 
goods:  — 

In  singeinff,  the  cloth  is  passed  rapidly  over  a  red- 
hot  roller,  which  removes  protruding  fibers. 

The  cloth  is  then  placed  in  the  di^h-wheels  A  A 
A  (Fig.  710),  which  rotate  on  horizontal  axes,  and 
have  quadrantal  compartments  which  hold  the  cloth. 
Water  is  introduced  through  the  hollow  axes,  and  a 
rapid  rotation  subjects  the  cloth  to  the  combined 
effects  of  agitation  and  the  dasliins  of  the  water. 

The  cloth  is  next  bucked,  or  washed  by  an  alkaline 
solution  which  removes  the  greasy  and  resinous  mat- 
ters. The  goods  are  placed  on  the  grated  bottom  of 
a  vat,  in  the  center  of  which  is  a  stand-pipe  by  which 
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jack,  A  native  sulphuret  of  zinc,  which  is  treated 
by  roasting,  aiid  destnictive  distillation  in  combina- 
tion with  charcoal  in  a  vessel  from  which,  the  air  is 
excluded. 

By  access  of  air  the  metal  bums  and  passes  off  as 
the  white  oxide,  which  is  collected  and  forms  a  pig- 
ment known  as  zinc-white. 

Bleu-tar'quin.  A  kind  of  marble  taken  from 
the  quarries  of  Genoa  and  elsewhere.  It  is  of  a  deep 
blue  upon  a  white  ground,  mixed  with  gray  spots 
and  lai^  veins. 

Blind.  For  apparatus  to  assist  the  blind  in  writ- 
ing, printing,  or  reading,  see  Embossing-type  for 
THE  Blind;  Printing  for  the  Blind;  Writing- 
frame. 

Grenville's  invention  (English)  for  teaching  the 
blind  was  in  1785. 

1.  (Carpentry.)  A  sun-screen  or  shade  for  a  win- 
dow. 

Outside  blinds  are  known  as  Spanish^  Florentine^ 
Venetian^  or  shutter. 

Inside  blinds  are  known  as  Venetian,  dvxtrf,  spring, 
common  roller,  wire-gauze,  perforated  zinc,  etc. 

2.  (Fortification.)  A  bomb-proof  shelter  for  men 
or  provisions.  Blindage  ;  blinded  cover, 

8.  (Harness.)  Flaps  on  a  driving- 
bridle  to  restrain  the  norse  from  look- 
ing sidewavs  or  to  the  rear.  A  mod- 
em form  of  blinder  only  prevents  the 
backward  view.    Blinder  ;  blinker. 

Bllnd'age.  1.  (Fortification.)  a. 
A  screen  of  wood  faced  with  earth  as  a 
protection  against  fire. . 

b.  A  mantelet.  At  Sebastopol  the 
Russians  used  blindages  for  covering 
theirembrasures,  composed  of  a  grating 
of  iron  rods  covered  with  canvas. 

2.  (Harness.)  A  hood  for  covering 
the  eyes  of  a  runaway  horse,  as  a  means 
of  stopping  him.  Koehler's  patent  has  one  strap 
which  pulls  a  hood  over  the  eyes  and  another  which 
closes  the  nostrils.  Another  device  is  a  choke- 
strap  connected  through  the  gag-loop  to  the  driv- 
ing-rein. 

Blind  A're-a.  (Architecture.)  A  space  around 
the  basement- wall  of  a  house  to  keep  it  ary. 

Blind  Azle.  An  axle  which  mns,  but  does  not 
communicate  motion.  It  may  form  the  axis  of  a 
sleeve-axle.  It  may  become  a  live  axle  at  intervals. 
A  dead  axle. 

Blind-blockdng.  (Bookbinding.)  The  orna- 
mentation of  book-covers  by  pressure  of  an  en- 
graved or  composed  block  with  heat  but  without 
gold-leaf. 

Blind  Bri'dle.  A  bridle  having  attached  flaps 
or  blinds.     See  Blind. 

Blind  Buckler.  (Nautical.)  A  hawse-hole 
stopper. 

slind'en.  (Harness,)  Flaps  over  the  eyes  of  a 
horse  used  in  carriage-hamess.     See  Blind. 

Blind'ing.  A  coating  of  sand  and  fine  gravel, 
usually  about  an  inch  and  a  half  deep,  laid  over  a 
newly  paved  road,  to  fill  by  degrees  the  joints  be- 
tween the  stones. 

Blind  Lev'el.  (Afinina.)  A  level  or  drainage 
gallery  which  hfi^a  a  vertical  shaft  at  each  end,  and 
acts  as  an  inverted  siphon. 

Blind  Op'e-ra-tor.  A  device  by  which  the 
blind  may  be  opened  or  closed  from  the  inside,  and 
held  in  any  position  desired,  either  closed,  fully  open, 
or  at  any  intermediate  position,  in  all  of  whicn  it 
may  be  securely  locked.  Attached  to  the  frame  of 
the  blind  is  a  rod  upon  which  slides  a  sleeve  pivoted 
to  the  outer  end  of  an  arm  secured  to  the  axis  of  a 


worm-sear  seated  in  a  recess  in  the  window-sill  and 
gradui2l^  rotated  by  a  worm,  the  whole  covered  by 
a  metalhc  plate. 

Fig.  711. 


Siind  etnd  SkMter  Fastener. 


In  another  form,  the  pintle  of  the  blind-hinge 
has  a  bevel-wheel  operated  by  a  bevel-pinion  on  the 


Fig.  712. 


Fig.  718. 


Fig.  714. 


Blind-  Operator . 
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shaft,  which  passes  through  the  frame  of  the  window- 
casing,  and  has  a  knob  inside  the  room.  A  bolt  en- 
gages a  disk  on  the  shaft,  and  locks  the  latter,  and 
consequently  the  blind,  in  any  position. 

Blind-sUit.  An  obliquely-set  slat  in  a  shutter, 
serving  to  shed  rain  and  yet  admit  some  light.  In 
some  cases  they  are  adjustable  by  means  of  a  bar  C, 
which  is  secured  by  staples  to  the  edges  of  the  slats. 
i>  is  a  spring  to  press  against  the  slats  and  hold  them 
to  adjustment  Such  shutters  are  known  as  Vevu- 
tian  or  Louver. 

Blind-slat  Ghis'eL  A  hollow  chisel,  specially 
adapted  for  cutting  the  mortises  in  a  common  blind- 
stile  for  the  reception  of  the  ends  of  the  slats. 

Blind-slat  Cnfter.  (Carpentry.)  A  machine 
which  cuts  blind-slats  from  the  plank  and  finishes 
the  sides  and  ends. 

The  plank  is  placed  within  the  ways  and  fed  along 
till  it  touches  a  stop,  when  a  transverse  cut  severs  a 
section,  which  is  removed  by  a  feed-roller  to  the  place 
where  it  is  sawed  into  strips.  The  action  of  the  rol- 
ler is  intermittent,  and  during  its  intervals  of  rest  the 
rotary  tubular  cutters  are  successively  forced  into 
the  opposite  sides  of  the  block  and  form  openings. 
The  smfaces  are  planed'and  gudgeons  made  on  their 
extremities  by  automatic  operations. 
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Fig.  716. 


Bind'Slat  Cutter. 

BlindHdat  Flan'er.  {Garpentry,)  A  wood-plan- 
ing machine  with  side  and  edge  outters  adapted  to 
act  upon  a  narrow  slat  suitable  for  Venetian  shutters 
and  blinds.     The  cutter  which  acts  upon  the  ujpper 


try.) 


hole  at  a  time,  and  is  suitable  for  blind, 
sash,  door  stiles,  wagon-work,  etc. 
The  arbor  is  raised  or  lowered  by* 
screws  a  a,  and  brought  forward  to 
the  work  by  means  of  the  lever  h.  It 
is  provided  with  space-rack  clamps  c  c 
for  holding  the  stuff,  which  will  gage 
the  holes  any  desired  distance  apart, 
and  which  avoids  the  necessity  of  set- 
ting out.  The  ti^ht  and  loose  pulleys 
are  6*  inches  in  diameter,  8  inch  face, 
and  should  make  625  revolutions  per 
nunute,  which  will  give  2,500  to  the  * 
bit.  e  is  the  belt  which  conveys  mo- 
tion to  the  arbor. 

In  the  machine  (Fig.  718)  the*  bit- 
arbor  a  is  vertical,  is  driven  by  the 
belt  e,  and  the  stuff  lies  on  the  rest. 
It  has  a  pawl  and  ratchet  arrangement 
for  feed,  dispensing  with  the  necessity 
for  laying  out  the  holes.  The  bit  is 
drawn  dovm  by  the  treadle  c. 

Blind-BtUe  Ma-chine'.    {Carp&iu 
Machines  which  get  out  the  stuff  are  but  saws 

Fig.  717. 


Btind'SUxt  Tienomng-Machine 

able  as  to  distance,  to  make  slats  of  the  required 
width. 

There  are  several  patented  machines  of  this  class. 

BlindHdat  Ten'on-ing-ma-chine'.  {Carpem- 
try. )  A  machine  for  cutting  tenons  on  the  ends  of 
blind-slats  where  they  are  to  enter  the  stiles  of  the 
blinds.     (Fiff.  716.) 

As  the  disks  O  rotate,  they  carry  around  the  cut- 
ter-heads, whereby  a  tenon  is  cut  upon  each  end  of 
the  blank  slat.  As  soon  as  the  blank  R  is  inserted, 
the  operator,  by  means  of  a  clutch,  causes  the  cutter- 
heads  to  revolve  entirely  around  the  ends  of  the  slat, 
when  they  are  arrested  until  the  finished  blank  is 
removed  and  a  new  blank  inserted.  The  cutter-head, 
may  be  set  towards  or  away  from  the  center  of  the 
disk-shafts,  in  order  to  cut  larger  or  smaller  tenons. 
The  cutter-heads  have  a  rotary  movement  upon  their 
own  axes,  and  also  revolve  around  the  axes  of  their 
supporting  disks. 

Blind-stile  Bor'ing-^na-ohine'.  {Carpentry.) 
A  machine  for  boring  in  blind-stiles  the  holes  for 
the  reception  of  the  tenons  on  the  ends  of  the  slats. 

The  machine  (Fig.  717)  is  arranged  for  boring  one 


shape,  machines  are  adapted 
for  boring  the  holes  for  the 
slats,  or  making  the  mortises 
by  means  of  piercing, — that  is, 
by  a  hollow  chisel  of  the  shape 
of  the  slat-section, — or  making 
them  by  a  chisel  repeatedly  re- 
ciprocated while  tne  stuff  is 
fed  along,  as  in  the  ordinary 
mortising-machine.  Some  of 
the  machines  space  as  well  as 
bore  or  mortise  ;  that  is,  feed 
the  stuff  along  the  distance  be- 
tween slats  after  each  stroke. 

Blind -tool'ing.  {Book- 
hiTiding.)  The  ornamental  im- 
pressions of  heated  tools  upon 
leather  without  the  interposi- 
tion of  gold-leaf. 

Blind -weav'ing  Loom. 
( Weaving.)  A  loom  which 
has  its  warps  far  apart,  and 
an  automatic  device  for  pla- 
cing within  the  shed  the  thin 
wooden  slips  which  form   the 


Fig.ns. 


Blind-Stile  Bormg- 
Machint. 
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fining  or  woof.  As  the  shed  is  opened,  a  rod  with 
a  gripper  on  the  end  is  passed  through  the  shed, 
catches  a  sUp,  and  draws  it  between  the  warps,  leav- 
ing it  there.  This  is  repeated  between  each  move- 
ment of  the  harness. 

Blind-wlr/ing  Ma-ohine'.  {OarperUry.)  A 
machine  for  the  insertion  of  the  staples  which  con- 
nect the  rod  to  the  blind.  The  blind-frame  a  is  held 
by  acyustable  slides,  and  the  rod  6,  with  its  stanles 
or  rings  already  inserted,  is  laid  along  upon  the  slats 

Fig.  719. 


Rind-  Wiring  Machine . 


e,  the  rings  presented  sideways.  The  sta2)les  to  be 
driven  straddle  the  wire  h  and  feed  down  it,  being 
driven  one  at  a  time  by  the  lever  c  and  plunger  d, 
so  that  one  leg  of  the  staple  passes  through  the  eve 
on  the  rod  6,  and  both  of  them  enter  the  slat  e.  The 
frame  is  fed  forward  the  distance  between  the  slats 
after  each  operation. 

Fig.  720  shows  a  somewhat  similar  form  of  ma- 
chine in  which  the  staples  feed  down  the  incline  h, 
and  are  driven  into  the  slats  e  as  the  lever  c  is  de- 
Fig.  720. 


CrosbyU  BindrWirer. 

pressed.  The  lifting  of  the  lever  moves  forward  the 
blind-frame  by  means  of  a  pawl  which  engages  the 
rack  m. 

Blink'er.    {Saddlery.)    A  blind. 

BliB'ter-BteeL  Steel  formed  by  roasting  bar- 
iron  in  contact  with  carbon  in  a  cementing  furnace. 
It  is  so  called  from  its  blistered  appearance.  To  im- 
prove the  quality,  it  is  subjected  to  two  subsequent 
processes,  which  convert  it  into  sA«ar-steel  and  coa- 
sted. 

Block.  A  grooved  pulley,  rotating  on  a  pintle, 
and  mounted  in  a  casing  called  a  shell,  which  is  fur- 
nished with  a  hook,  eye,  or  strap  by  which  it  may  be 
attached  to  an  object.  It  is  used  for  changing  the 
direction  of  motion  of  ropes  used  in  transmitting 
power,  and,  by  compounding  two  or  more  such 
sheaves,  to  increase  the  mechanical  power  of  ropes, 
whose  rate  of  motion  is  decreased  m  an  equivalent 
degree  thereby. 

The  parts  of  a  block  are  :  — 


The  shell,  pulley-frame,  or  body  of  the  block  is 
made  of  a  tough  wood,  or  sometimes  of  iron  ;  it  has 
one  or  two  grooves,  called  scores,  cut  on  each  end  to 
retain  the  strap  which  goes  around  it.  The  shell  is 
hollow  ^side  to  receive  the  sheave  or  sheaves,  and 
has  a  hole  through  its  center  to  receive  the  sheave- 
pin,  called  the  pirUle  ;  this  is  lined  with  bronze  or 
gun- metal,  called  a  bmiching  or  hushing.  When  the 
shell  is  made  of  one  piece,  it  is  called  a  fiuniis^ 
block;  when  more  than  one  are  employed,  it  is 
termed  a  inade  block.  The  side  plates  of  the  shell 
are  cheeks. 

The  sheave  or  wheel  is  of  lignum- vits  or  iron,  and 
has  a  peripheral  groove  for  the  rope,  called  the  gorge. 
It  has  a  bushing,  called  a  coak,  aroimd  the  pintle-hole. 
The  space  between  the  sheave  and  its  block,  through 
which  the  rope  runs,  is  called  the  swallow  or  channel. 
It  answers  to  the  throat  of  some  other  machines  ;  the 
pass  in  a  rolling-mill. 

The  pin  or  pintle  is  the  axis  or  axle,  and  is  usually 
of  iron,  passing  through  the  bushifig  of  the  shell  and 
the  coclk  of  the  sheave. 

The  strap,  strop,  iron-bindinig,  grommet,  or  aringUf 
is  a  loop  of  iron  or  rope,  encircling  the  block,  and 
affords  the  means  of  fastening  it  in  its  place.  The 
?u)ok  of  iron-strapped  blocks  is  frequently  made  to 
work  in  a  swivel,  so  that  the  several  parts  of 
the  rope  forming  the  tackle  may  not  become  "  foul " 
or  twisted  arojund  each  other. 

For  strapping  with  rope  in  the  common  way,  the 
rope  is  cut  1^  times  the  circumference  of  the  block, 
and  strctched  ;  it  is  then  icormed,  by  winding-in 
spun-yarn  or  marline  between  the  intervals  of  the 
strands  ;  parceled,  which  operation  consists  in  wind- 
ing a  canvas  strip  around  the  above  ;  and  then  served 
or  closely  wound  around  with  marline,  until  lust 
sufficient  is  left  at  each  end  for  splicing  ;  it  is  tnen 
spliced  with  a  short  splice,  the  fag-ends  of  the  strands 
cut  off,  and  served  over  the  splice. 

In  man^  cases  blocks  are  strapped  with  eyes  or 
thimbles  m  the  ends,  or,  instead  of  the  loop,  have  a 
tail,  as  is  the  case  with  Jigger  blocks ;  in  this  case 
they  are  called  tail-blocks. 

The  purchase-hlock  is  double-strapped,  having  two 
scores  in  the  shell  for  the  purpose ;  the  rope  is 
wormed,  parceled,  and  served,  or  may  be  wormed  and 
parceled  only,  and  spliced.  It  is  then  doubled  up 
so  as  to  brin^  the  splice  at  the  bottom  of  the  block. 
The  seizing  is  put  on  the  usual  way,  except  it  is 
crossed  both  ways  through  the  double  parts  of  the 
strap.  The  straps  of  these  blocks  are  so  large  and 
stiff  that  a  purchase  should  be  employed  to  set  them 
securely  in  the  scores  of  the  blocks,  and  bring  them 
into  their  proper  place. 

Blocks  receive  names  from  peculiarities  of  struc- 
ture, from  their  materials,  uses,  arran^ment  in  the 
tackle,  mode  of  connecting  them  to  objects,  etc.  See 
under  the  following  heads .  — 


Bee-block. 

Block  and  tackle. 

Buckler. 

Bull's-eye. 

Cat-block. 

Cheek-block. 

Clew-garnet  block. 

D-block. 

Dead-eye. 

Differential-block. 

Double-block. 

£uphroe. 

Fan-block. 

Fiddle-block. 

Fish-block. 


Fly-block. 

Gin-block. 

Heart-block. 

Hook-block. 

Iron-block. 

Jack-block. 

Jewel-block. 

Long-tackle  block. 

Monkey-block. 

Muffle-block. 

Ninepin-block. 

Pulley-block. 

Purcha8e-blo<;k. 

Quarter-block. 

Ram-block. 
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Rouse-about  block. 

Running-block. 

Sheave. 

Shell. 

Shoe-block. 

Shoulder-block. 

Single-block. 

Sister-block. 

Smeaton's  block. 

Snatch-block. 

Spring-block. 

Standing-block. 


Strap-block. 

Tack-block. 

Tackle-block. 

Tail-block. 

Thick-and-thin  block. 

Top-block. 

Treble-block. 

Tye-block. 

Uvrow. 

Viol-block. 

Waist-block. 

Warping-block. 


The  pulley-block,  with  two  or  more  sheaves,  was 
well  known  to  the  Romans.  A  block  with  three 
sheaves  was  called  trispastos.  Tackle  with  two  sheaves 
in  the  lower  block  and  tluree  in  the  upper  one  was 
called  pentaspcutos.  The  tackles  were  variously  ar- 
ranged, much  as  at  the  present  day,  and  the  derrick 
spars  and  masts  were  secured  by  guys. 

A  large  number  of  obelisks  were  removed  from 
Egypt  to  Rome,  Constantinople,  and  Aries,  and  gave 
employment  to  complex  and  powerful  tackle. 

Blocks  do  not  appear  to  have  been  known  in  an- 
cient 'Ejgypt ;  the  ropes  were  rove  through  rings. 

2.  {Carpmtry.)  A  square  piece  of  wood  fitted  in 
the  reentering  angle  formed  oy  the  meetins  ed^s 
of  two  pieces  of  board.  The  blocks  are  glued  at  the 
rear  and  strengthen  the  joint, 

8.  (ffcU-maJcing.)  A  cylinder  of  wood  over  which 
a  hat  or  bonnet  is  shaped  in  the  process  of  manufac- 
ture. 

^  i.  (Saddlery.)  A  former  or  block  on  which  a 
piece  of  wet  leather  is  molded  by  hammering  or 
pressing. 

5.  (Ordnance,  etc.)  In  the  ordnance  service  the 
term  block  is  applied  to  two  different  articles,  which 
have  very  different  functions  ;  one  kind  being  short 
pieces  of  scantling,  used  for  elevating  cannon  and 
supporting  them  in  position  a  short  distance  from 
the  ground,  or  in  assisting  in  their  transfer  from 
higher  to  lower  levels,  and  vice  versa.  These  are 
designated  as  whole,  half,  and  quarter  blocks, 
and  have  a  uniform  length  of  20  and  width  of  8 
inches,  their  respective  thickness  being  8,  4,  and  2 
inches. 

Gin-blocks  are  the  pulleys  through  which  the  fall 
of  a  gin  is  rove,  and  are  known  as  single,  double,  or 
treble  blocks,  according  as  they  have  one,  two,  or 
three  sheaves ;  the  sheave  is  of  brass  and  the  shell 
of  wrought-iron. 

The  varieties  of  blocks  are  more  fully  described 
under  the  heads  enumerated  in  the  list  aoove. 

Fig  721. 
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Hmd'Blotk  to  Saw-MOU, 


6.  (Saw-^nUL)    One  of  the  frames  on  which  an 
end  of  a  log  rests  in  a  saw-mill.    The  log  is  nsn- 


ally  set  over  towards  the  saw  the  thickness  of  one 
board,  plus  the  kerf,  between  the  cuts.  In  the  more 
modem  and  improved  form  the  ?iead  and  tail  blocks 
are  set  simultaneously.  In  the  circular  saw-mill 
the  knees  resting  on  the  head  and  tail  blocks  are 
moved,  pushing  the  log  I£  on  the  blocks  ^,  as  in 
Fig.  721,  where  the  knee  C  is  operated  by  a  spur 
pinion  D  and  racks  b  c.  See  also  Circulab  Saw  ; 
Head-block. 

Blook  and  Tackla  A  term  including  the 
block  and  the  rope  rove  through  it,  for  hoisting  or 
obtaining  a  purchase.     See  Tackle. 

Block-book.  (Printing.)  A  book  whose  pases 
are  impressions  from  engraved  blocks,  each  of  which 
formed  a  page.  This  was  a  very  old  Oriental  inven- 
tion, and  did  not  differ  especially  from  the  calico- 
printing  of  China,  India,  Arabia,  and  Egypt,  the 
books  and  placards  of  China,  and  the  printed  play- 
ing-cards commonly  used  in  Europe  many  years  be- 
fore Coster,  Guttenoeig,  and  Faust. 

The  great  invention  was  movable  types.  See 
Pbintino. 

Blook-far'naoe.    (Metallwrgy.)    A  blomary. 

Block-house.  (Fortificaiion.)  A  structure  of 
heavy  timber  or  logs  for  military  defence,  having  its 
sides  loopholed  for  musketry.  When  of  large  size, 
it  may  be  provided  with  ports  or  embrasures  for  ar- 
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Stock- Hous€. 

tillery.  The  plan  may  be  square,  rectangular,  or 
polygonal.  If  it  is  desired  to  obtain  flanking  arrange- 
ments, the  house  may  be  made  in  the  form  of  a  cross. 
When  more  than  one  story  high,  the  upper  one  is 
sometimes  made  to  project  over  the  lower,  so  as  to 
obtain  a  direct  downward  fire.  A  ditch  is  dug  around 
the  block-house,  the  earth  from  which  is  thrown  up 
around  the  lower  part  of  the  house  ;  the  roof  may 
also  be  covered  witn  earth. 

Blook-in-oonrse  Ma'son-ry.  (Masonry.)  A 
kind  which  differs  from  ashlar  masonir  chiefly  in 
being  built  of  smaller  stones.  The  usual  depth  of  a 
course  is  from  seven  to  nine  inches. 

Block'ing.  1.  (Leather.)  The  process  of  bend« 
ing  leather  for  boot-fronts  to  the  requ^ed  shape. 
See  CBiMPiNa 

2.   (Bookbinding.)     Impressing  a  pattern  on  a 
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book-cover   by   a    plate 
Fig.  728. 


association  of  tools 
under  pressure. 
It  is  called  blind 
or  gold  blocking. 
Intne  latter  case, 
cold-leaf  is  used ; 

ym  the  former,  the 
bare  block. 
8.  {Carpentry.) 
wxmm^.  A  mode  of  secur- 

^    lier   the  vertical    angles    of  wood- work. 
Blocks  of  wood  are  glued  in  the  inside  ansle. 

Blook'ing-couxse.  (Architecture.)  The  upper 
course  of  stones  or  brick  above  a  cornice  or  on  the 
top  of  a  wiJl. 

Blook'ing  -  down.  {Sheet  -  metal  Working. ) 
Sheet-metal  is  blocked  dovmi  upon  a  mold  or  shape 
by  laying  above  it  a  thick  piece  of  lead,  which  latter 
is  struck  by  the  mallet  or  nammer.  This  mode  is 
sometimes  adopted  to  bring  a  plate  partially  to  shape 
before  swaging  it  between  the  dies. 

Blook'mg-ket'tle.  {Hat-making.)  A  hot  bath 
in  which  hats  are  softened  in  the  process  of  manu- 
facture, so  as  to  be  drawn  over  blodca, 

Blook^ing-inreu.  A  bookbinder's  screw-press  in 
which  blocking  is  performed.  It  has  less  power  than 
the  embossing-press,  which  operates  with  large  dies, 
being  used  for  ornamentation,  requiring  but  a  com- 
paratively small  pressure. 

The  die  is  adjusted  in  the  upper  bed  (or  plate), 
and  is  heated  by  means  of  gas-iets  coming  down 
through  a  cavity  at  its  back.  The  book-covers  are 
introduced  aeriatim  upon  the  lower  bed  by  the  op- 
erator, who  bv  a  turn  of  the  handle  brings  the  upper 
bed  down  with  a  gentle  and  equable  pressure,  fixing 
the  gold-leaf,  when  this  is  employed,  upon  the  sur- 
face, previously  prepared  for  the  purpose.  A  boy, 
who  assists,  removes  the  superfluous  portions  with  a 
rag,  which  becomes  thoroughly  saturated  with  the 
precious  metal  in  the  course  of  use,  and  is  sold  to 
the  refiners. 

BIook-4et'ter.  {Printing.)  Type  of  lai^  size 
cut  out  of  wooden  blocks. 

Blook-Iet'ter  Cut'tine^xiui-ohlxie'.  Block-let- 
ters, or  wooden  type,  are  generally  made  of  cherry, 
cut  endwise.  They  are  inBtde  of  sizes  from  2  or  8 
line  Pica  up  to  150-line  Pica,  more  than  two  feet  in 
length. 

Fig.  724  illustrates  a  machine  for  cutting  these 
types.  The  wood,  having  been  carefully  planed  to  a 
true  surface  and  even  thickness,  is  cut  into  blocks 
of  suitable  size,  and  the  outlines  of  the  letters  fonned 
as  a  guide  in  cutting.  A  block  is  placed  in  the 
chuck  At  fixed  in  the  slide  B,  which  may  be  mov^ 
back  and  forth  in  a  guide,  and  to  which  a  rotary 
motion  may  also  be  imparted  by  means  of  a  gear-wheel 
and  screw  operated  from  the  pulley  C. 

Below  this  is  another  slide  Z>,  carrying  an  arm  E, 
which  supports  an  upright  bar,  with  a  rod  F  attached 
to  the  chuck  A.  Below  all  is  a  circular  plate  piv- 
oted to  the  table,  and  capable  of  being  turned  in  any 
desired  position  and  secured  there,  for  ac^usting  the 
work  to  the  proper  angle  previous  to  cutting. 

The  cutter  O  is  fixed  in  a  spindle  which  is  rotated 
by  the  pulleys  ff  I,  the  latter  on  a  shaft  driven  Inr 
either  of  the  fast-pulleys  at  J,  operated  by  a  band- 
wheel  K  on  the  treadle-shaft.  The  box  carrying  the 
cutter-spindle  has  vertical  adjustment  for  varying 
the  depth  of  cut,  and  may  also  be  moved  laterally 
by  a  screw  and  crank.  A  lever  is  provided  for  lift- 
ing the  cutter  clear  of  the  work. 

By  means  of  the  bar  and  rod  B,  F^  and  pulley  C, 
and  their  connections  with  the  slide  ^and  chucks, 
in  cox^junction  with  the  slide  2>,  the  work  may  be 
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moved  in  any  direction,  causing  the  cutter  to  produce 
any  combination  of  right  lines  or  curves. 

Fig.  725. 
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Fie.  725  diows  tuunis  fonns  d  cntten^  wme  d 
w)ii£  are  dfrignfid  for  making  anj  number  of  circles 
of  oniform  diameter,  and  others  m  clearing  oat  the 
wood  from  those  parts  not  designed  to  show  in 
printing. 

Block-iiiakiiis  MA-^dna'.  The  first  set  of 
machinery  for  making  blocks  for  tackle  was  the  in- 
Tention  of  the  elder  Brunei,  and  was  constructed  by 
Maudslay.  The  invention  of  "  the  ingenious  Amer- 
ican mechanic,**  as  Mr.  Tomlinaon  calls  him,  was 
endorsed  by  G<meral  Bentham,  the  Inspector-General 
of  Naval  Works,  and  sanctioned  by  the  Lords  of  the 
Admiralty  in  a  remai^bly  short  space  of  time,  —  one 
year.  The  work  on  the  machinery  was  commenced 
m  1802,  and  was  finished  in  1808.  The  machines 
were  set  up  in  Portsmouth  Dock-yard,  and  a  dupli- 
cate set  was  made  for  Chatham  Dock-yard,  to  be 
used  in  case  of  accident,  but  has  not  b^  needed. 
For  twenty-five  years  the  machines  required  no  essen- 
tial repairs.  The  cost  was  $280,000,  and  the  saving 
per  annum  over  hand  labor  is  variously  estimated 
nom  $83,000  to  $150,000.  Brunei  received  $5  per 
day  for  sunerintendence,  $5,000  for  the  working 
models,  and  a  grant  of  $88,000  when  completed. 

The  machines  are  in  three  difierent  sets,  fifteen  in 
a  set,  for  making  difierent  sizes  ;  each  set  having  a 
certain  range  of  adyustability  as  to  the  sizes  of  bloocs 
turned  out. 

The  different  blocks  made  by  these  machines  are 
as  follows  :  — 

Thick  block,  with  1,  2,  8,  or  4  sheaves, 

and  from  4  to  28  inches  in  length  72  sizes. 

Thin  blocks,  6  to  26  inches  .        .  48  " 

Clew-garnet  and  clew-line  blocks  .  10  " 

Sister-blocks 20  " 

Topsail-sheet  blocks       .  .  20  *' 

Fiddle  or  viol  blocks  ....  24  " 

Jack-blocks 20  ** 
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The  first  set  makes  blocks  4  to  7  inches  in  length, 
with  wooden  pins,  at  the  rate  of  700  per  day. 

The  second  set  makes  blocks  8  to  10  inches  in 
length,  with  iron  pins,  at  the  rate  of  520  per  day. 

The  third  set  makes  blocks  11  to  18  inches  in 
length,  at  the  rate  of  200  per  day.  Total,  1,420  per 
day. 

Two  machines  are  employed  for  makinjg  dead-eyes 
from  5  to  9  inches,  and  from  10  to  1 9  inches  in  diameter. 

One  large  boring-machine,  not  included  in  the 
above. 

Two  machines  for  making  the  iron  pins. 

Total,  50  machines. 

These  machines  are  driven  by  a  steam-engine  of 
82-hor8e  power. 

With  tnese  machines  4  men  do  the  work  of  50  in 
making  shells,  and  6  men  do  the  work  of  60  in  mak- 
ing sheaves ;  total,  10  men  doing  the  work  of  110 
previously  working  by  hand.  Tne  amount  actually 
supplied  was  about  185,000  blocks  per  annum  from 
1808  to  1816.  1,500  blocks  are  required  in  rigging 
a  ship  of  the  line,  besides  dead-eyes,  say  160. 

The  sawing-machines  are  employed  on  one  side  of 
the  house  to  cut  the  elm  and  ash  timbers  into  parallel- 
opipedons  of  the  required  sizes  and  shapes  ;  and  the 
block-makinff  machines  on  the  other  side  are  em- 
ployed to  reauce  these  blocks  to  shape,  (ashioninff 
the  outside  and  the  mortise,  and  to  make  and  cook 
the  sheaves. 

The  machines  are  as  follows  :  — 

1.  The  reciproecUing  eross-eut  saw,  which  is  used 
on  large  timber  to  cut  into  lengths  timber  of  large 


2.  A  circmlar  cro»<Hi  Mtr,  for  <^)er«ting  on  tin* 
bers  of  smaller  diameter. 

3.  The  ree^prtxo^'ii^  ripping-mw,  for  cutting  the 
JwggUs,  Iff  cylmdrical  blocks  of  timber,  into  parallel- 
opipedons  of  the  required  proportions. 

4.  The  ctfrWor  ripping^saw,  for  performing  the 
same  operation  on  snuul  timber. 

5.  Tne  boHng-wytekine,  for  boring  a  hole  through 
the  shell  to  start  the  nuutise,  and  boring  the  hole 
for thepintle.    See  Boriko-macuinb. 

6.  The  viartismg-mackimet  which  completes  the 
hollowing  out  of  the  shell,  making  the  full  opening 
for  the  sheaves.    See  Mortisi^o-machinb. 

7.  The  eonur-MW,  to  bring  the  shell  to  an  ap* 
proximate  shape,  ready  for  the  next  machine.    See 

CORNBR-SAW. 

8.  The  akaping-wuiMns^  which  turns  the  outside 
of  the  shell  to  form.    See  Shapino-machinx. 

9.  The  teoring-ma^inej  which  cuts  the  sooree  on 
the  shell  for  the  reoeption  of  the  straps  by  which  it 
is  slung.    See  Scorino-machinb. 

This  completes  the  dressing  of  the  shslls  of  the 
blocks,  except  some  smoothing  where  the  wood  is 
roughed  up  in  dressing. 

10.  For  making  the  sheaves  three  kinds  of  savrs 
are  employed.  A  redproetUing  9aw  is  used  for  mak- 
ing disks  of  wood  by  cross-cutung  li^um-vits  logs. 
A  circular  aaw  is  used  for  cross-cutting  smaller  logs. 
A  erown^saw  and  center-bit  are  used  for  roundmg 
the  sheaves  and  boring  the  center-hole. 

11.  The  eoakin^^nuiehine  outs  three  semicircular 
cavities  at  ec^ual  distances  around  the  hole  made  bv 
the  bit.  This  cavity  is  for  the  reception  of  the  coak 
or  bush  of  bell-metsi,  which  forms  a  socket  for  the 
center-pin. 

12.  A  drilling-machine,  for  perforating  the  three 
semicircular  projections  of  the  coak  for  the  recep- 
tion of  short  wire  pins  or  rivets,  by  which  the  couc 
is  attached  to  the  sheave. 

18.  A  rive^ng-maekine ;  two  small  tilt-hlunmers 
for  riveting  the  wires  which  hold  the  coaks  in  their 
places. 

14.  A  broaching-engine,  which  reams  out  the  cen- 
ter-hole. 

15.  A  fadnfl-lathe  turns  the  fiat  sides  of  the 
sheaves  and  makes  the  groove  in  the  periphery. 

The  iron  center-pins  are  turned  in  a  lathe,  and 
then  polished  by  bem^  fixed  in  a  vertical  revolving 
axle,  and  forced  down  mto  a  die  immersed  in  oil,  and 
hold  three  pieces  of  hard  steel,  between  which  Uie 
pin  is  pressed  as  it  turns,  and  becomes  completely 
polished. 

Blook-prlnfing.  A  mode  of  printing  cotton 
doth  or  paper  for  hangings,  in  whicn  the  pattern  is 
engraved  in  relief  upon  a  block,  which  is  dabbed 
upon  the  color  and  impressed  by  hand  upon  the 
materia,  which  lies  upon  a  table  before  the  work- 
man. When  the  pattern  is  in  several  colors,  differ- 
ent blocks  of  the  same  size  are  employed,  the  raised 
pattern  in  each  being  adapted  for  its  special  portion 
of  the  design.  The  exact  oorresponaenoe  of  each 
part,  as  to  position,  is  secured  oy  pins  on  the 
blocks,  which  pierce  small  holes  in  the  material 
and  indicate  the  exact  position.  This  is  a  register- 
inf  system  similar  to  that  adopted  in  chromatic 
prmtuiff,  and  in  all  forms  of  lithographic  printing 
in  whi(£  more  than  one  color  is  used. 

This  mode  of  printing  was  nearly  superseded  by 
the  system  of  Perrot,  in  which  the  calico  passed  be- 
tween a  square  prism  and  three  engravea  blocks, 
which  were  brought  in  apposition  to  three  faces 
of  the  prism,  and  delivered  their  separate  impres- 
sions thereupon  in  succession.  Each  block  was 
inked  after  each  impression,  and  the  cloth  was  drawn 
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through  by  a  winding  cylinder.  The  blocks  were 
pressed  against  the  cloth  by  springs.  This  was  a 
great  improvement  upon  block -printing,  being  nearly 
twenty  times  as  rapid ;  but  the  cylinder  or  roller 
printing  has  outstnpped  them  both,  performing  as 
much  labor  as  100   olock-printers.      See  Calioo- 

PRINTINO. 

Blook-teeth.  (Dental.)  Two  or  more  teeth  made 
in  a  block  carved  by  hand  from  ivory,  whale's  or 
walrus's  teeth,  etc. 
Blook-tiii.  Tin  cast  into  ingots. 
Blom'a-ry.  {Metallurgy.)  The  first  foige  through 
which  iron  is  passed.  The  pig-iron,  having  been 
puddled  and  balled,  is  brought  to  the  hammer  or 
squeezer,  which  makes  it  into  a  blocnn.  Bloom- 
o/ry. 

Blond-4aoe.  A  silk  lace  of  two  threads  twisted 
and  formed  in  hexagonal  meshes. 

Bloom.  1.  {Metallurgy.)  A  loop  or  ball  of  pud- 
dled iron  deprived  of  its  dross  by  shingling  or  squeez- 
ing. 

2.  [LeaiKer  Manufactv/re.)  A  yellowish  powdery 
coating  on  the  surface  of  well-tanned  leather,  by 
which  its  quality  is  adjudged.  It  may  arise  from 
a  deposit  oi  surplus  tannin,  and  thus  be  an  indica- 
tion that  the  process  is  fully  accomplished.  Oak- 
bark  tanning  yields  the  best  bloom,  and  some  of  the 
quick  processes  none  at  all. 

Bloom'er-pit.  A  tan-pit  in  which  hides  are 
subjected  to  the  action  of  strong  ooze.  So  called 
because  the  conclusion  of  the  process  brings  a  bloom 
on  the  skin.     Also  called  a  layer. 

The  pits  containing  a  weaker  solution  are  called 
hamdUrs. 

Bloom-^ook.  {Metallurgy.)  A  tool  for  handling 
the  heated  bloom,  arawing  it  towards  the  shingler, 
moving  it  under  the  hammer,  etc.     Bloom-tongs. 
Blot'ter.    A  device  for  absorbing  the  superHuous 
ink    from  paper    after 
Fig.  738.  writing.      The  blotter 

may  bs  merely  a  thin 
book  interleaved  with 
bibulous  paper,  or  a 
pad  or  cushion  covered 
with  blotting-paper,  a 
or  b,  and  having  a  han- 
dle, being  used  after  the 
manner  oi  a  stamp.  An- 
other form  consists  of  a 
roller  c  covered  with 
successive  layers  of  blot- 
ting-paper, and  revolv- 
ing on  an  axis,  a  han- 
dle being  attached  for 
convenient  use.  The 
layers  of  paper  may  be 
removed  as  they  be- 
come soiled,  and  fresh 
Batten.  paper  substituted. 

Bloftiiig-pad.    A 

on  the  writing-table  or 

'or  the  writing-paper. 


few  sheets  of 

desk,  to  form  a  soft  ^  ^  x 

Blof  ting-pa'per.  A  thick,  bibulous,  unsized 
paper,  used  as  a  pad  on  the  desk  or  to  imbibe  super- 
fluous ink  fVom  undried  manuscripts. 

Blow'er.  A  machine  for  creating  an  artificial 
current  of  air  by  pressure.  A  plenum  engine,  as 
contradistinguished  from  a  vacuum  engine,  such  as 
an  aspirator. 

1.  Blowers  are  used  to  increase  drafts  in  furnaces ; 
to  furnish  vital  air  to  close  and  fetid  places,  as  mines, 
wells,  cisterns,  holds  of  ships,  etc. ;  to  furnish  a  cur- 
rent of  warmcKl,  cooled,  moistened,  or  medicated  air 
to  public  buildings  or  others  which  are  liable  to  be 


closely  occupied  ;  to  furnish  a  drying  atmosphere  in 
lumber,  gram,  or  meal  kilns,  powder-mills,  etc.  ;  to 
assist  in  evaporating  fluids  by  removing  the  steam 
from  the  vicinity  of  the  boiling  syrup  or  other  solu- 
tion ;  to  raise  fluids  on  the  principle  of  the  Gifiard  in- 
jector, as  in  some  of  the  ejectors  used  in  deep  oil-wells ; 
to  assist  in  the  dispersion  of  liquids,  as  in  atomizers, 
and  some  ice-making  machines. 

The  fan-blower  is  believed  to  have  been  invented 
by  Teral,  1729.     The  water-bellows  by  Homblower. 

Blowing-machines  were  erected  by  Smeaton  at  the 
Carron  Iron  Works,  1760. 

The  hot-air  blast  was  invented  by  James  Neilson, 
of  Glasgow,  and  patented  in  1828. 

Wooden  bellows,  in  which  one  open-ended  box  is 
made  to  slip  within  another,  with  valves  for  the  in- 
duction ancl  eduction  of  air,  were  used  at  Nuremberg, 
1660.  They  were  used  in  the  next  century  for  smelt- 
ing blaoksmithing,  and  for  organs.  Sucn  a  machine 
is'  in  principle  the  same  as  Fig.  106,  and  the  con- 
verse of  that  shown  in  Fig.  114. 

P.  Fannenschmid  of  Thuringia  appears  to  have 
made,  about  1621,  a  much  more  effective  blower  than 
was  previously  used  by  the  metalluigists  of  his  sec- 
tion. This  was  a  flat  vane  reciprocating  in  a  sector- 
shaped  box  and  having  an  inlet  valve  for  the  air. 
At  the  hinging-point  of  the  vane,  the  edge  of  the 
sector,  an  eduction  pipe  proceeds  from  the  box. 
Slips  of  wood  on  the  edge  of  the  vane  were  pressed 
agsonst  the  sides  of  the  box,  to  prevent  the  leakage 
of  air. 

Somewhat  similar  to  this  is  the  oscillating  or  pul- 
sating piston  (Fig.  727). 

The  fans  J9  Z/  are  oscillated  in  a  semi-cylindrical 
case  with  an  upper  exit  at  F*,  and  two  valves  B  B 

Fig.  727. 
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opening  upwardly  ;  the  fans  have  also  valves  open- 
ing towards  each  other.  The  alternate  oscillating 
motion  of  the  fans  is  produced  by  crank  connection 
H I  with  a  driven  pulley  O, 

The  earlier  modem  forms  of  machine-blowers  con- 
sist of  cylinders  with  pistons,  the  differences  between 
them  consisting  principally  in  the  means  for  commu- 
nicating motion  and  for  securing  a  uniform  blist ; 
an  arranf[ement  for  this  purpose  is  shown  in  the  fig- 
ure, consisting  of  two  connected  cylinders,  oneof  them 
provided  witn  a  discharge-pipe ;  by  the  descent  of 
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the  piston  in  the  first  cylinder  the  air  is  forced  into 
the  other  cylinder  through  a  valve  which  rises  to 
allow  its  passa^.  At  the  same  time  the  piston  of 
the  second  cylinder  is  caused  to  rise,  and,  on  reach- 
ing. 728. 


PUt<m-BU)wer 

ing  its  highest  point,  commences  its  descending  mo- 
tion, closing  the  communicating  valve  and  forcing 
the  air  through  the  discharge-pipe,  while  the  first 
piston  rises,  filling  its  cylinder  with  air,  to  be  simi- 
larly forced  into  the  second  cylinder,  and  thence 
eznelled  as  before. 

In  other  forms  of  blowing  apparatus  on  this  prin- 
ciple, the  air  is  forced  from  the  blowing  cylinders 
into  a  reservoir,  whence  it  issues  by  the  force  of  its 
compression.  Such  is  that  used  at  Woolwich,  Eng- 
land (shown  in  Fig.  729).    The  beams  of  the  pistons 


Wochaick  Rowen. 

are  so  connected  that  when  one  is  at  the  top  of  the 
stroke  another  is  midway  of  its  cylinder  and  the  third 
at  its  lowest  point,  maintaining  very  nearly  uniform 
pressure  in  a  wind-chest  below  with  which  each  cyl- 
inder communicates. 

Blowers  on  the  fim  principle  are  the  favorite  sub- 
jects of  the  exercise  of  the  mgenuity  of  modem  in- 
ventors in  this  line. 


In  these  the  air  is  admitted  through  an  aperture 
at  or  near  the  axis  of  the  rotating  fan,  whence  it  is 
driven  toward  the  periphery  by  means  of  curved  arms, 
and  discharged  through  an  opening  in  the  case. 

In  Schiele's  compound  blowing-fan,  two  fans  are 
combined  on  the  s^me  shaft,  so  as  to  act  successively 
on  the  same  air.  By  the  first  the  air  is  driven  into 
a  chamber  between  the  fans,  at  a  pressure  of  perhaps 
six  ounces.  The  second  receives  the  air  at  this  pres- 
sure and  compresses  it  as  much  more,  so  that  it  is 
delivered  at  length  into  the  furnace  at  a  pressure  of 
twelve  ounces  per  square  inch. 

Lloyd's  noiseless  fan  consists  of  a  drum  formed  of 
two  flat  hollow  cones  of  thin  metal,  brought  near  to- 
gether by  their  bases,  and  connected  by  a  series  of 
curved  partitions  extending  from  the  center  to  the 
circumference.  The  cones  are  open  about  the  ver- 
texes,  and  an  axis  of  revolution  supports  the  whole 
by  beingthe  common  origin  of  all  the  curved  parti- 
tions. This  drum  rotates  within  a  closed  box,  and 
discharges  the  air  received  at  the  center  through  a 
tangential  outlet.     See  Fan. 

Other  rotary  blowers  are  on  the  principle  of  the 
rotary  pump  or  rotary  engine,  having  two  portions 
which  revolve  in  apposition. 

In  Fig.  780,  a  represents  a  blowing-machine  hav- 
ing  two  similarly  shaped  elongated  cams  A  By  the 
projections  of  each  of  which  fit  into  the  depressions 
of  the  other.  These  are  arranged  in  a  suitably  shaped 
box  C,  and  driven  by  pitmen  so  arranged  tnat  por- 

Fig.  780. 


Rotary  Blowers. 

tions  of  the  periphery  of  each  blower  shall  be  con- 
stantly in  close  proximity,  while  the  two  ends  or 
wings  of  each  move  in  proximity  to  the  curved  sides 
of  the  box.  The  rotation  of  the  two  blowers  in  op- 
posite directions  draws  the  air  through  an  opening 
m  one  side  of  the  box,  and  forcibly  discharges  it 
through  a  blast-pipe  at  the  other. 

Root's  blower,  a,  is  similar  in  principle  to  the 
foregoing  ;  the  projections  of  the  cams  are,  however, 
rounded  off  so  as  to  form  circular  arcs,  while  the 
depth  of  the  depressions  is  decreased,  causing  a  lon- 
ger lap  on  the  abutting  surfaces,  so  as  to  provide 
against  the  escape  of  air  in  the  wrong  direction. 

In  c  a  series  of  bellows,  provided  with  suitable 
valves,  are  radially  arranged  around  a  tube  surround- 
ing the  axis  of  a  wheel.  A  heavy  block  moving  in 
gnides  descends  by  ^vity  on  approaching  a  ver- 
tical position,  admittmg  air  during  the  lower  part 
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and  forcing  it  out  through  the  central  tube  during 
the  upper  part  of  the  revolution. 

Blowers  have  been  made  having  an  eccentric  drum, 
with  radial  pistons  or  valves,  which  rotates  within 
an  exterior  casing  ;  or  the  interior  of  the  case  may 
be  itself  eccentric  and  the  drum  central  on  its 
shaft, —  the  pistons,  in  either  case,  being  reciprocated 
alternately  back  and  forth  in  slots  in  the  drum,  as 
that  portion  of  its  periphery  in  which  they  are  situated 
approaches  or  recedes  from  the  side  of  the  cas"~~ 

The  principle  of  the  rotary  pump  is  entirely 
cable  to  the  blower,  and  a  machine  of  thi 
which  causes  a  current  of  water  to  ascend  i 
made  to  create  a  blast  of  air. 

The  hydrostatic  bellows  is  formed  by  a  body 
ter  falling  through  a  pipe  or  pipes  a  a,  pierc( 

Fig.  781. 


him  TnacJiine  soufflante  d  colonne  cCeau.  The  water 
is,  however,  merely  employed  to  pack  the  working 
parts  and  prevent  friction. 

^  ^  are  two  compressing  cylinders  having  inner 
and  outer  walls,  the  space  between  which  is  filled 
with  water  up  to  a  certain  level,  as  a.  ^  .S  are  cyl- 
inders which  are  reciprocated  within  this  anniuar 

Fig.  788. 


ff' 


Hydrcstatie  Bellows. 

a  number  of  holes  inclined  inwardly  and  dow 

ly.    The  current  of  water  draws  air  in  at  th 

lices,  and  carries  it  down  into  the  chamber  b  below, 
where  it  is  compressed,  and,  separating  from  the 
water,  rises  into  a  trunk  on  the  upper  part  of  the 
chamber,  whence  it  is  conducted  by  a  pipe  to  the 
forge.  The  water  dashes  upon  a  table  c  in  tne  cham- 
ber, which  assists  in  the  separation  of  the  air,  and 
then  escapes  by  a  trap  beneath  the  water-level.  The 
force  of  the  blast  is  proportionate  to  the  volume  and 
fall  of  the  water,  and  is  regulated  by  a  sluice. 
Thirion's  hydraulic  pressure-blower  is  termed  by 


Fig.  782. 


Thirinn's  Hffftratdic  Pressurt'Blcwer. 


Shurttvtmt^s  BUnoer, 

space  by  a  driven  pulley  and  cranked  shaft  /.  The 
regulator  comprises  an  annular  outer  cylinder  E  and 
an  interior  cylinder  F,  The  outer  cylinder  is  ^- 
tially  filled  with  water,  and  the  inner  has  a  vertical 
motion  therein,  limited  by  the  guide  H  rigidly  sus- 
pended from  the- shaft  7. 

The  upward  movement  of  either  cylinder  B  admits 
air  through  the  valves  b,  which  is  forced  by  the 
downward  movement  through  the  valves  c  e  in  the 
enlarged  portion  of  the  pipe  C  A  into  the  upper 
^linder  P  of  the  regulator,  through  the  valves  e  e. 
T?he  weight  of  the  cylinder  F  forces  the  air  into  the 
central  tube  ^,  which  forms  the  upper  part  of  the 
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blast-pipe  O^  under  an  amount  of  pressure  regulated 
by  weights  in  the  scale-pan /fixed  on  the  top  of  the 
guide-rod  of  the  cylinder. 

Sturtevant's  blower  has  spoked  wheels,  having 
conical  annular  disks  mounted  on  an  axis  driven  by 
two  belts  to  prevent  tendency  to  wabbling.  The  aii* 
enters  between  the  spokes  around  the  axis,  and  is 
driven  forcibly  by  the  curved  floats  which  span  the 
space  between  the  annular  disks,  being  dischai^ged 
into  the  peripheral  receiving-chamber  A^  whence  it 
reaches  the  horizontal  eduction -pipe '  shown  in  the 
lower  part  of  the  figure.  Within  each  of  the  band- 
pulleys  is  an  oil-collector  JJ,  which  intercepts  super- 
fluous oil  and  conducts  it  to  the  oil-chamber  ly  whence 
it  may  be  drawn  by  a  faucet.  The  shaft  C  is  sup- 
ported in  tubular  bearings  at  E  E,  sustained  in  brack- 
ets by  means  of  ball-joints  /,  whereby  the  bearings 
are  able  to  accommodate  themselves  to  the  shaft 
while  in  revolution.  The  oilers  y  for  the  journal  of 
the  shaft  C  are  near  the  end,  and  have  dripping 
wicks  which  feed  the  lubricant  in  regular  quantity ; 
the  oil-collectors  H  intercepting  any  supemuity,  as 
already  stated.  The  set  screws  g  ^  affbm  means  for 
adjusting  the  shaft  C  lengthwise,  so  as  to  bring  the 
wheel  to  its  proper  position  in  the  case. 

Another  form  of  blower,  if  the  term  be  admissible, 
is  a  steam-jet,  which  induces  a  current  by  produ- 
cing a  partial  vacuum.     It  is  used  in  providing  the 
vacuum  in  front  of  the  traveling-carriage  of  a  pneu- 
matic tube,  a  jet  of  steam  issuing  from  an  annular  noz- 
zle concentric  with  that  end  of  the  tube  toward  which 
th^  carnage  is  moving.     The  steam  or  vapor  carries 
along  with  it  a  current  of 
air  which  is  drawn  from 
the  tube.     It  is  more  cor- 
rect to  call  this  a  substi- 
tute for  the  hUywer, 

The  steam -jet  for  the 
ventilation  of  mines  was 
used  long  ago,  and  then 
abandoned.  It  has  since 
been  tried  very  success- 
fully at  a  colliery  at  Old-  ^ 
ham,  England,  in  which 
the  satisfactory  flow  of  near- 
ly 23,000  cubic  feet  of  air 
per  minute  was  obtained. 
2.  An  iron  plate  tem- 
porarily placed  in  front 
of  an  open  fire,  to  urge 
the  combustion. 

8.  A  machine  for  sepa- 
rating the  hair  from  the 
fur  fibers.  See  Blowing- 
machine. 

Blow'er  and  Spread'er.  {Cott(mrManuf(ustv/re.) 
A  machine  for  spreading  cotton  into  a  lap,  the  ac- 
tion of  beaters  and  blower  being  conjoined  for  the 
purpose.    See  Ootton-cleaninq  Machine. 

BlO'W-gun.  Used  by  the  Barbados  Indians  of 
Brazil  and  other  aborigines  of  South  America.  A 
similar  contrivance  is  employed  by  some  of  the  Ma- 
lays? by  whom  it  is  called  "sumpitan."  The 
arrows  are  about  fifty  inches  long,  made  of  a  yellow 
reed,  and  tipped  with  hard  wood,  which  has  a  spike 
of  oocourite  wood  poisoned.  The  spike  is  cut  naif 
through,  so  as  to  break  ofl"  in  tne  wound,  that 
the  arrow-shaft  may  drop  and  be  recovered.     See 

AlR-OUN. 

Blo'w'ing-cyl'ili-der.  (Pnevmatica,)  A  form 
of  blotinng-engine, 

Smeaton  introduced  the  blowing-cylinders  at  the 
Carron  iron-works,  and  by  the  power  and  volume  of 
blast  made  effective  the  earnest  andrepeated  attempts 


of  the  English  to  smelt  iron  by  the  use  of  the  coke 
of  pit-cod.  This  was  in  1760,  and  utilized  the  in- 
vention of  Abraham  Darby,  of  Colebrookdale,  in 
1735. 

Blow'ing-en'gine.  Properly,  one  applied  to 
the  duty  of  driving  a  blower ;  sometimes  it  is  in- 
tended to  mean  a  machine  by  which  an  artificial 
draft  by  plenum  is  obtained.  For  such,  see 
Blower. 

BloWing-fur'nace.  {Qlass-making.)  A  fur- 
nace in  which  articles  of  glass  in  process  of  manu- 
facture are  held  to  soften,  when  they  have  lost  their 
plasticity  by  cooling. 

Blow'ing-pipe.  (Olass-inaking.)  The  glass- 
blower's  pipe  ;  bunting-iraii ;  tipontil, 

Blow'ing-ma-chine'.  1.  One  for  creating  an 
artificial  draft  by  forcing  air.     See  Blower. 

2.  {Hat-making.)  A  machine  for  separating  the 
**kemps"  or  hairs  from  the  fur  fibers.  The  fibers 
are  fed  from  an  endless  apron  between  rolls  to  a  re- 
volving picker  in  a  closed  chamber,  which  tosses  the 
mass  upwards  acainst  a  horizontal  gauze  partition, 
through  which  tne  air  escapes,  whence  they  fall  on  to 
a  second  apron,  which  carries  them  to  a  second  cham- 
ber, where  this  operation  is  repeated.  The  coarse 
and  heavier  hairs  fall  by  their  appavity  into  boxes  in 
the  bottom  of  the  chamber.  The  operation  twice  or 
thrice  repeated  completes  the  separation,  when  the 
fur  is  ready  for  the  forming-machine  which  makes 
the  bat  for  felting. 

Fig.  734  represents  the  ordinary  fur  blowing-ma- 
chine. 

Fig.  784. 


Blowing'MatMne. 

The  mixed  fur  and  hair  is  placed  on  the  endless 
apron  a,  and  is  fed  into  the  rollers  e  c,  which  feed 
the  rotating-picker  d.  This  separates  it,  and  tosses 
the  mass  up  toward  the  wire-gauze  screen  e,  which 
allows  the  air  to  escape,  and  causes  the  mass  to  fall 
on  the  second  endless  apron  g,  which  carries  it  into 
the  second  apartment.  While  the  disintegrated 
mass  of  fur  has  thus  been  passing  through  the  first 
apartment,  the  heaviest  and  coarsest  hairs  and  the 
dust  have  by  reason  of  their  weight  fallen  into  the 
boxes  h  t. 

The  mass,  on  passing  into  the  second  apartment, 
is  treated  in  a  precisely  similar  way,  and  is  usually 
conducted  from  thence  into  a  third  apartment,  where 
it  is  operated  on  in  the  same  way,  and  finally  de- 
livered in  a  fit  state  for  manufacture. 

3.  ( OoUon-Manufacture.)  A  part  of  the  batting- 
machine,  or  a  machine  in  which  cotton  loosened  by 
willovdng  and  scutching,  one  or  both,  is  subjected  to 
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a  draft  of  air  occasioned  by  a  fan,  which  removes 
the  dust  and  other  light  small  refuse  from  the  fiber. 
See  Battino-machinb. 

Blo^ing-off.  {Steam-Engine.}  The  process 
of  Meeting  the  super-salted  water  from  the  ooiler, 
in  order  to  prevent  the  deposition  of  scale  or  salt. 

Blow'ing-pot  (PoUery.)  A  pot  of  colored 
slip  for  the  ornamentation  of  pottery  while  in  the 
lathe.  The  pot  has  a  tube,  at  which  the  mouth  of 
the  workman  is  placed,  and  a  spout  like  a  quill,  at 
which  the  slip  exudes  under  the  pressure  of  the 
breath.  The  ware  is  rotated  in  the  lathe,  while 
the  hollows  previously  made  in  the  ware  to  receive 
the  slip  are  thus  filled  up.  Excess  of  slip  is  removed, 
after  a  certain  amount  of  drying,  by  a  spatula  or 
knife,  known  as  a  toumasm. 

Blow^ing-^through.  (Steam- Engine,)  The  pro- 
cess of  clearing  the  engine  of  air  by  blowing  steam 
through  the  cylinder,  valves,  and  condenser  before 
starting. 

Blow'ing-tabe.  (Glass-making.)  Poniy ;  Pon- 
til.  An  iron  tube  from  four  to  five  feet  in  length, 
and  with  a  bore,  according  to  the  character  of  the 
work,  of  from  one  third  to  one  inch  in  diameter.  The 
metal,  as  the  molten  glass  is  called,  is  gathered  on 
the  ledger  end,  which  is  thrust  into  the  class-pot, 
and  the  mouth  is  applied  to  the  smaller  end  to  blow 
the  glass,  making  it  hollow  by  a  body  of  air ;  the 
shape  of  the  object  being  determined  by  swinging, 
by  rolling  on  the  marver,  by  tongs,  and  other  tools. 
See  Glass-blowing. 

Blow-off  Cock.  (Steam-Engine.)  A  fftucet  in 
a  steam-boiler  for  allowing  a  quantity  of  water  to 
escape,  to  rid  the  boiler  of  mud ;  or,  in  marine 
engines,  of  a  strong  solution  of  salt. 

Blow-off  Pipe.  (Steam-Engine.)  A  pipe  at 
the  lower  part  of  a  steam-boiler  by  which  sediment  is 
driven  out  occasionally. 

Blow-o'ver.  (Glass.)  An  arrangement  in  blow- 
ing glass  bottles  or  jars  in  molds  in  which  the  sur- 
plus glass  is  collected  in  a  chamber  above  the  lip  of 
the  vessel  with  but  a  thin  connecting  portion,  so  that 
the  surplus  is  readily  broken  off  without  danger  to 
the  vessel  itself. 

Blow-pipe.  A  tube  through  which  a  current 
of  air  is  forced,  in  order  to  direct  a  flame  and  con- 
centrate its  heat  at  a  particular  spot. 

The  origin  of  this  instrument  is  unknown,  though 
it  is  undoubtedly  of  ^ery  great  antiquity. 

Among  the  earliest  illustrations  of  metallurgic 
operations  may  be  cited  the  little  furnace  with 
cheeks  to  concentrate  the  heat  upon  the  crucible, 
and  the  fire  ui^ed  by  the  blow-pipe.  There  seems 
to  be  a  purpose  to  direct  the  flame  upon  the  cruci- 
ble in  the  manner  of  a  blow-pipe,  for  the  blast-fur- 
nace and  foot-bellows  were  weU  Known  at  that  time, 
and  are  shown  in  the  ancient  paintings  of  Eouma, 
Thebes. 

Fig.  735. 


The  blow-pipe  is  used  by  goldsmiths,  jewelers, 
and  others,  m  soldering  of  metals,  and  by  glass- 
blowers  in  sealing  ^lass  tubes. 

It  is  made  of  various  forms  for  special  uses. 


EUfw-Pipe  ( 7^«6e«). 


Fig.  786. 


a.  Common  or  simplest  form  of  blow-pipe. 

b.  Two-part  blow-pip  having  a  bulb  near  the 
small  end,  composed  oi  two  hemispheres  in  which 
the  moisture  from  the  breath  is  condensed,  and  which 
may  be  imscrewed  for  convenience  of  carrying  in  the 
pocKet. 

c.  Gahn*s  blow-pipe  made  in  four,  separable  parts. 

d.  Woilaston's  blow-pipe  ready  for  use. 

e.  Woilaston's  blow-pipe  with  its  lower  end  and 
beak  slid  in  for  carriage  in  the  pocket. 

/.  Dr.  Black's  blow-pipe.  The  smaller  end  is  the 
mouth-piece,  and  the  larger  condenses  the  moisture. 

While  the  use  of  the  blow-pipe  dates  from  distant 
antiquity,  yet  its  use  in  mineralogy,  in  determining 
the  nature  of  the  metals  in  ores,  dates  from  Antony 
von  Suab  in  1738,  and  Cronstedt,  20  years  later. 
The  subject  may  be  satisfactorily  pursued  in  "  Platt- 
ner  on  the  Blow-pipe, "  and  by  consulting  a  late  work, 
"System  of  Instruction  in  the  practical  Use  of  the 
Blow-pipe." 

The  reducing  flame  is  produced  by  blowing  the 
flame  of  the  lamp  aside  by  a  weak  ouirent  of  air  im- 
pinging on  the  outer  surface,  the  flame  being  un- 
changed except  in  direction.  Unconsumed  carbon, 
at  a  white  heat,  giving  the  yellow  color  to  the  flame, 
aids  in  the  reduction  of  the  substance. 

The  oxidizing  flame  is  formed  by  blowing  a  strong 
current  into  the  interior  of  the  flame,  perfecting  the 
combustion.  The  object,  being  intensely  heate^  and 
exposed  to  the  surrounding  aii:,  becomes  oxidized. 

In  Fig.  737  is  shown  an  apparatus  charsing  the 
air-chaniber  by  mechanical  means  instead  of  by  the 
breath.  Such  devices  are  now  much  used  by  jewel- 
ers, mechanical  dentists,  and  in  certain  departinents 
of  analytical  chemistry. 

It  consists  of  a  table  having  a  chamber  into  which 
air  is  forced  by  a  pump  2,  operated  by  a  treadle  5, 
maintaining  a  continuous  blast  through  the  pipe  3, 
to  which  is  attached  a  flexible  tube,  enabling  the 
flame  of  the  lamp  4,  on  the  table,  to  be  thrown  in 
any  direction. 

The  compound  or  oxyhydrogen  blow-pipe,  invented 
by  Dr.  Robert  Hare,  of  Philadelphia,  in  the  eariy 
part  of  the  present  century,  surpasses,  in  the  inten- 
sity of  the  heat  it  produces,  anything  that  had  pre- 
viously been  attained.     The  flame  is  formed  by  nnit- 


Digitized  by 


Google 


BLOW-PIPE. 


309 


BLOW-THROUGH  VALVE. 


Fig.  757. 


Tab!e  Blow-Pipe. 


ing  the  two  gases, 
oxygen   and    hy- 
drogen, from  sep- 
arate reservoirs  m 
a  single  jet,  in  the 
proportion  to  fomi 
water,  —  namely,  2 
volumes  of  hydro- 
gen, 1  of  oxygen, 
—  the  compound 
being  ignited  just 
beyond  theirpoint 
of  mixture.      No 
substances  are 
found  capable  of 
resisting  the  high 
temperature     ob- 
tained    by    this 
blow-pipe.      Car- 
bonate of  magne- 
sia is  very  difficult  to  melt,  but  even  this  is  reduced 
into  grains  of  enamel  of  sufficient  hardness  to  scrateh 
glass.     Platinum  melts  instantly,  and  gold  in  con- 
tact with  borax  is  entirely  volatilized.     Pure  lime 
and  its  compounds  emit  a.  flame  of  amethystine  tinge 
as  they  melt.  Quartz  crys- 
tal melts  with  a  beautiful 
light ;  pieces  of  china-ware 
are   fused    into   crystals, 
and  flints  produce  trans- 
parent glass.     The  inten- 
sity of  the  light  emitted 
in  fusing  pure  lime  caused 
this  invention  to  be  rec- 
ommended by  Lieutenant 
Drummond,  of  the  British 
Engineers,  as  an  illumini^- 
tion  for  lighthouses,  and 
it  is  now  known  as  the 
Dniomiond    li^ht.       Dr. 
Hare  used  an  mstrument 
terminating  in  fifteen  jet 
pipes  of  platinum.   These 
were  acyiiisted  so  as  to  pass 
through    a    vessel    filled 
with  ice  or  snow,  to  pre-  \ 
vent  the  gases  becoming 
heated,  and  obviate  the 
danger  of  an  explosion  by 

a  retrocession  of  the  flame  into  a  single  pipe.  Dr. 
Clarke,  of  Cambridge,  England,  inclosed  m  the  pipe 
containing  the  two  gases  a  great  number  of  layers 
of  fine  wire  gauze,  to  prevent  explosion  ;  though  his 
experiments  were  successful  in  a  scientific  view,  the 
apparatus  proved  too  dangerous  for  common  use.  M. 
Gfoldsworthy  Gurney  contrived  an  instrument  in 
which  the  gases  were  forced  from  their  reservoirs 
through  a  tube  to  the  bottom  of  a  chamber  contain- 
ing water,  the  gas  rising  through  the  water  and  pass- 
ing immediately  to  the  burner  ;  a  stiff"  pasteWMird 
cap  closely  covered  the  reservoir,  sufficiently  strong 
to  i^tain  the  gas,  which,  in  case  of  an  explosion, 
would  be  easily  thrown  off",  and  retrocession  of  the 
flame  into  the  gas-chamber  prevented  by  the  volume 
of  water.  A  bottle  or  flask  half  filled  with  mercury 
or  oil  of  turpentine,  connecting  by  leaden  tubes  be- 
tween the  reservoir  and  jet,  like  the  arrangement  of 
a  Woulf  s  bottle,  has  also  been  used  to  prevent  ex- 
plosion. The  gas  rises  in  bubbles  through  the  con- 
tente  of  the  bottle  or  flask,  and  in  case  of  an  explo- 
sion retrocession  of  flame  is  prevented,  either  by  the 
mercury  being  driven  into  the  pipe,  forming  a  me- 
chanical obstruction,  or  in  case  of  an  explosion  on 
the  surface  of  the  turpentine,  a  non-explosive  com- 


pound is  formed  by  the  excess  of  carbonaceous  mat- 
ter, rendering  it  impossible  for  the  flame  te  reach  the 
reservoir. 

Tlie  airo-kydrogen  blow-pipe  is  a  modification  of 
the  oxyb|rdrogen  blow-pipe  invented  by  Dr.  Hare, 
of  Philadelphia  ;  the  modification  being  the  inven- 
tion of  Count  de  Richmont,  of  France. 

The  elastic  tube  h  supplies  hydrogen  from  the 
generator,  and  the  pipe  a  supplies  atmospheric  air 
from  the  small  pair  of  double  bellows  6,  worked  by 
the  foot  of  the  operator  and  compressed  by  a  constant 
weight  w.  The  two  pipes  meet  at  the  arch  and  pro- 
ceed by  a  third  pipe  e  to  the  small  jet/,  from  whence 
proceeds  the  flame.  All  the  connections  are  by 
elastic  tubes.  In  using  the  machine,  the  hydrogen 
is  ignited  and  the  size  of  the  flame  regulated  by  the 
stop-cock  k' ;  the  air  is  then  admitted  through  a' 
unm  the  flame  assumes  a  fine  pointed  character, 
with  which  the  work  is  united  after  the  general 
manner  of  blow-pipe  soldering,  except  that  a  strip 
of  lead  is  used  instead  of  solder,  and  generally  with- 
out any  flux.    See  Burning. 

The  gas-generator  is  charged  through  the  stopper- 
hole  1  with  curly  shreds  of  sheet  zinc,  and  the  stop- 
per replaced.     The  pipe  of  communication  between 
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the  upper  and  lower  chambers  being  plugged  or 
closed  by  a  leaden  stop-cock,  the  upper  chamber  is 
charged  with  dilute  sulphuric  acid  (1  acid,  6  water). 
As  the  acidulated  water  reaches  the  zinc,  hydrogen 
gas  is  evolved  by  the  decomposition  of  the  water, 
and  passes  off"  by  cocks  4  and  k'.  When  the  out- 
flow ceases  by  the  closure  of  cocks  i  and  h\  gas  gener- 
ated fills  the  chamber,  and,  pressing  on  the  surface  of 
the  liquid  in  chamber  1,  arives  it  into  the  upper 
chamber,  so  that  the  evolution  of  gas  is  stopped. 
When  gas  is  withdrawn,  the  liQuid  returns  and  the 
production  of  gas  is  resumed.  The  generator  cham- 
bers are  of  leadj  to  preserve  them  from  the  action  of 
the  acid. 

In  the  oxyhydrogen  blow-pipe,  oxygen  1  volume 
and  hydrogen  2  volumes  are  united  in  proportions 
to  constitute  water.  In  the  airo-hydrogen  blow- 
pipe the  same  gases  are  in  the  same  proportions,  but 
the  oxygen  is,  so  to  speak,  diluted  by  four  times  its 
bulk  of  nitrogen. 

Blow-througfa  Valve.  {Steam- Enpne.)  A 
valve  commanding  the  opening  through  which  boiler- 
steam  is  admitted  to  a  condensing  steam-engine 
to  blow  thrmtgk  and  expel  air  and  condensed  water, 
which  depart  through  the  way  of  the  anifting-valve. 
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This  is  the  first  operation  in  starting  an  engine  of 
this  character,  the  condenser  being  then  brought 
into  operation  to  condense  the  vaporous  contents  of 
the  cylinder  and  make  the  first  stroke. 

Blo^TV-tube.  1.  The  hollow  iron  ro,d  used  by 
glass-makers  to  gather  metal  (melted  ^ass)  from  the 
pots,  to  blow  and  form  it  into  the  desired  shape.  A 
porUy.     (Ft.  pontiL) 

2.  A  tube  through  which  arrows  are  driven  by  the 
breath.    See  Blow-oun;  Air-gun. 

Blow-up  Pan.  {Sugar- Machinery.)  A  pan  used 
in  dissolving  raw  sugar  prepai-atory  to  the  process  of 
refining.  Steam  is  introduced  by  means  of  pipes 
coiled  round  within  the  vessels  to  dissolve  the  su- 
gar, which  thence  becomes  a  dark,  thick,  viscous 
Uquid  ;  a  small  portion  of  lime-water  is  admitted  to 
the  sugar,  and  constant  stirring  with  long  slender 
rods  assists  the  process  of  liqueraction.  The  blow- 
up pans  are  generally  rectangular,  tf  or  7  feet  long, 
3  or  4  feet  wide,  and  3  feet  deep,  with  perforata, 
copper  pipes  near  the  bottom,  though  the  holes  of 
which  steam  is  blown  into  the  sugar. 

Blow-valve.  {Steam-Engine.)  ^he  valve  by 
which  the  air  expelled  from  the  cvlinder  escapes 
from  the  condenser  on  the  downward  stroke  of  the 
piston  when  a  steam-engine  is  first  set  in  motion. 
The  snifting-valve. 

Bluiyber-guy.  {NauticaZ.)  A  rope  stretched 
between  the  mainmast  and  foremast  heads,  and 
serving  for  the  suspension  of  the  speck-puftchoue 
used  in  flensing  whales  under  the  orders  of  the  speck- 
tioncer. 

Blub'ber-spada  {N'axUiccU,\  A  keen-edged, 
spade-like  knife,  attached  to  a  pole,  used  by  whale- 
men in  removing  the  laver  of  fat  or  blubber  which 
encases  the  body  of  a  whale. 

The  carcass,  stripped  of  the  blubber,  is  called  krang. 

Blue-light.  A  signal  light  burning  with  a  steady 
blue  color. 

Blue-lights  are  made  of  a  composition  of  9  lbs.  10 
oz.  saltpeter,  2  lbs.  64  oz.  sulphur,  11  oz.  red  orpi- 
ment.  The  materials  are  well  pulverized  and  thor- 
oughly incorporated,  and  a  sufficient  quantity 
for  a  charge  is  pressed  into  a  hemispherical  cup  of 
seasoned  wood,  having  a  handle  about  ten  inches 
long.  These. cups  are  covered  with  cartridge-paper 
pasted  over  the  mouth,  and  are  primed  with  quick- 
match.  When  lighted,  they  are  neld  by  the  mindle 
until  the  composition  burns  out. 

Blue-mefal.  {Metallurgy.)  One  condition  of 
copper  in  course  of  refining.  The  names  coarae-metalf 
fine  or  blue  metal,  coarse  copper,  and  rose-copper  oc- 
cur in  that  order.     See  Copper. 

Blueing.  1.  {Metal-vxyrking.)  The  process  of 
heating  steel  until  it  assumes  a  blue  color.     See 

TSMPdRINO. 

2.  {Dyeing.)  Coloring  goods  by  a  solution  of 
indiffo. 

Blmi'der-bas.  A  short  gun  with  a  large  bore, 
for  carrying  a  large  chaige  of  balls  and  slugs,  to  be 
used  at  clo^e  quarters.  In  former  times,  the  same 
body  of  troops  seem  to  have  been  armed  part  with 
carbines  and  pai*t  with  blunderbusses  (Dutch,  don- 
derbus,  thunder-gun).  It  is  now  disused,  and  we 
seldom  hear  of  it  except  in  accounts  of  old  houses 
and  mansions  where  it  is  provided  against  buiglars. 
This  is  a  mere  reminiscence,  and  has  no  practical 
bearing  upon  the  modem  armorer's  art. 

Blunging.  (Pottery.)  The  process  of  mixing 
clays  for  the  manufacture  of  porcelain.  The  proper 
proportions  of  the  clays  and  the  needful  quantity  of 
water  are  placed  over  night  in  a  trough  al)out  2} 
feet  deep.  The  ingredients  are  intimatelv  mixed 
by  the  olimger  (corrupted  from  plunger),  which  is  a 


long  blade  shaped  like  a  spatula,  but  lar^  than 
a  shovel,  and  having  a  cross-handle  by  which  it  is 
wielded.  The  material  is  mixed  till  it  becomes  a 
smooth  and  plastic  mass,  a  pint  of  which  weighs 
from  24  to  26  ounces,  according  to  the  ingredients. 

The  work  is  sometimes  done  in  a  pug-mill,  which 
saves  very  hard  manual  labor. 

Blunk.    (Fabric.)    A  heavy  cotton  Scotch  cloth. 

Blunt-flla  A  file  which  nas  but  slight  taper. 
It  is  a  grade  between  the  regular  taper  and  the  dead- 
parallel  files. 

Blunt-hook.  (Surgery.)  An  obstetric  hook 
for  withdrawing  the  foetus  without  piercing  or  tear- 
ing. 

Blunts.  A  grade  of  sewing-needles  whose  pointed 
ends  are  less  finely  attenuated  than  the  sharps. 
Betiveens  are  a  middle  grade  in  this  respect. 

Board.  1.  (Wood-vxn-hvng.)  a.  A  sawed  piece 
of  wootl,  relatively  broad,  long,  and  thin,  exceeding 
4^  inches  in  width  and  less  than  2\  inches  in  thick- 
ness. The  term  plank  is  properly  applied  to  a  grade 
thicker  than  boards,  though  the  two  terms  are  often 
used  indiscriminately.  Wnat  in  shipwiighting,  etc., 
are  called  plank,  would  in  house-carpentry  asually 
come  under  the  denominajtion  of  scantling. 

According  to  the  British  system,  fir-boards  under 
nine  inches  in  breadth  are  called  deals,  and  boards 
of  greater  width  planks. 

b.  A  rived  slab  of  wood  ;  as,  a  clapboard. 

The  following  terms  obtain  :  — 

Feaiher-edgtd  ;  one  edge  thinner  than  the  other. 

Listed;  the  sap-wood  removed. 

Edge-shot ;  the  edge  planed. 

Wrought ;  planed  on  the  side. 

MoAched;  tongued  and  grooved. 

Jointed  ;  lined  and  edge-planed  so  as  to  come  to- 
gether correctly. 

2.  A  flat  piece  of  plank  or  a  surface  composed  of 
several  pieces,  used*  in  many  trades  ;  as,  — 

Modeling-board;  a  templet  having  the  profile  of 
the  gun  or  cylinder  formed  by  the  loam-molding 
process. 

Follow-board  ;  a  supporting-board  on  which  a  pat- 
tern lies  in  molding. 

Molding-board ;  fiask-board  on  which  the  box  is 
placed  in  sand-molding. 

Dead-head  board,  eascabel- board,  badc-board^ 
molding-out  board,  are  also  used  in  loam-molding 
operations. 

3.  (Paper.)  A  thick  paper,  composed  of  several 
layers  pasted  together ;  pasteboard.  There  are  vari- 
ous terms  employed  to  express  different  varieties. 

a.  Cardboard  is  made  of  thicknesses  of  more  com- 
mon paper  pasted  together,  and  having  a  fine  quality 
for  smfaces. 

b.  Bristol-board  has  fine  paper  throughout  its  sub- 
stance. 

c.  Mill-board  is  made  of  coarse  material,  with  a 
glossy  surface  produced  by  heavy  rolling. 

d.  Enameled-board  has  a  coating  of  white  lead  or 
other  pigment. 

e.  dlazed  board  has  a  smooth  glazed  surface. 
/.   7Vir-&oar(2  is  made  of  junk  and  rope. 

g.  Straw-board  is  a  yet  poorer  quality,  made  of 
straw-paper. 

h.  Pressing-boards;  very  hard  and  smooth  calen- 
dered boards,  between  which  printed  sheets  are 
pressed. 

4.  (Bookbinding.)  a.  A  flat  slab  of  wood  used  by 
bookbinders.  They  are  known  by  names  indicating 
their  purpose;  as,  backing,  bormshing,  cutting, 
gilding  boards,  etc 

b.  Pasteboard  sides  for  books. 

5.  A  level  table  or  platform  on  which  a  game  is 
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lyed  ;  as,  chess,  checker,  backgammon,  cribbage 


Board- ousting  Knife.  {Bookbinding,)  A 
hinged  knife  a  with  a  counter-weight  c,  and  a  treadle 
b  to  assist  in  making  the  cut.     The  board  or  pile  of 

fig.  789, 


motion,  adjustable  in  extent,  upon  the  lower  roll  S. 
The  upper  and  lower  roll  respectively  are  moved  a 
certain  distance  at  each  rotation  of  the  drive-wheel 
by  the  ratchets  V  and  R  respectively.  The  recipro- 
cation of  the  upper  roll  is  by  means  of  the  lever  O, 
ac^ustable  pivot-box  H,  and  pitman  /. 

In  Fig.  741  is  a  simpler  form  of  boarding  and 


Board' Cutting  Knife. 

boards  is  laid  upon  the  table  and  pushed  up  against 
the  gage,  which  is  set  for  the  width  of  the  pieces  to 
be  cut. 

Boarding.  (Leather.)  The  process  of  rubbing 
leather  with  a  board  to  raise  the  grain  after  it  has 
been  shaved,  daubed,  and  dried. 

Board'ing-gage.  (Carpentry,)  A  graduated 
scribing-tool  used  as  a  measurer  of  width  and  dis- 
tance in  weather-boarding  sides  of  houses. 

Board'ing-joiirtB.  (Carpentry.)  Joists  in  naked 
flooring  to  which  the  boards  are  fixed. 

Board'ing-ma-ohine^  In  Fig.  740  is  shovm 
a  machine  in  which  the  leather  is  carried  between 

Fig.  740 


i 


Boarding' Machine. 

two  endless  aprons  T  S,  which  revolve  intermittlngly 
so  as  to  feed  in  the  leather  occasionally,  while  at  the 
time  the  upper  apron  T  has  a  reciprocating 


Boarding-MaehiMe, 

graining  machine,  in  which  a  spring-pad  is  recipro- 
cated over  a  spring-bed. 

Board'ing-net'tine;.  (Nautical,)  Strong  net- 
tings of  cords,  to  prevent  boarding  of  a  ship  in 
battle. 

Boarding-pike.  (Nautical,)  A  pike  used  on 
shipboard  to  repel  boarders. 

Ship-spears  or  boarding-pikes  are  represented  in 
the  sea-f&ht  at  Medinet  Aboo,  in  Eg}'pt. 

Board-rack.  (Printing.)  Side  boards  with  cleats 
to  hold  shelves  for  standing  matter. 

Boasfer.  (Masonry,)  A  stone-mason's  chisel, 
having  an  edce  two  inches  wide,  used  in  dressing 
down  the  sunace  of  stone.  It  is  intermediate  in 
width  between  the  inch-tool  and  the  broad  tool^  which 
are  respectively  1  inch  and  3J  inches  wide. 

Boast'ing.  1.  (Mascmry.)  Dressing  off  the  sur- 
face of  stone  with  a  broad  chisel  and  m&et. 

2.  (Scidpture  and  Carving,)    The  roughing  out 
of  an  ornament,  giving 
the  general  contour  pre-  Fig.  742. 

vious  to  the  commence- 
ment of  the  raffles  and 
other  details. 

Boasfing-ohiB'eL 

A  steel  chisel  with 

fine  broad  edge,  used 

by  marble-workers  for 

dressing  stone  to  a 

nearly   smooth    sur-    / 
face  preliminary  to  the  L 
use  of  the  broad-tool. 
Forms  adapted  to  vari- 
ous kinds  of  work  are  shown  in  Fig.  742. 

Boat.    A  small  water-craft. 

Boats  were  one  of  the  earliest  devices  of  nature  to 
enable  some  of  the  denizens  of  the  ancient  deep  to 
maintain  themselves  ^^ith  ease  upon  the  surface  of 
the  waters,  which  their  physical  structure  rendered 
them  ill  qualified  to  do  without  an  extraneous 
support. 

Such  were  the  numerous  cephalopod  mollusks,  as 
the  ammonites,  the  orthoceratites,  and  other  varieties 
having  chambered  shells,  which  flourished  in  the  wa- 
ters of  the  ancient  world,  and  at  a  later  epoch  the 
nautili,  species  of  which  still  inhabit  .our  warmer 
seas.  Nor  are  contrivances  of  this  kind  confined 
alone  to  existences  designed  to  permanently  inhabit 
the  waters  ;  a  similar  provision  is  made  for  the  tem- 
porary support  of  some  insects  whose  larvae  attain 
their  development  in  water,  as  the  gnat  tribe,  includ- 
ing that  peculiarly  social  and  familiar  insect,  the 
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mosquito,  whose  tender  regard  for  the  human  race 
is  so  touchingly  manifested  and  loudly  proclaimed. 
"A  beast  familiar  to  man  and  signifying — love." 

The  boat  formed  by  the  female  gnat  consists  of 
from  250  to  350  eggs,  and  though  each  is  heavy 
enough  of  itself  to  sink  in  water,  the  whole  struc- 
ture 18  perfectly  buoyant.  Though  hollow,  it  never 
fills  with  water,  as  the  surface  has  a  certain  repellent 
action.  This  little  craft  has  been  likened  to  a  river 
wherry,  being  sharp,  high  fore  and  aft,  convex  be- 
low, concave  above,  and  always  floating  keel  down. 

The  canoe  was  probably  the  first  form  of  boat  which 
succeeded  the  simple  raft,  which  had  supplanted  the 
humble  log  upon  which  man  first  entrusted  himself 
upon  the  waters,  it  was  much  easier  to  partially 
bum  out  a  large  log,  and  then  finish  the  work  with  a 
pointed  stone,  than  to  construct  in  any  other  way, 
with  similar  tools,  a  vessel  combining  equal  conven- 
ience and  speed,  and  accordingly  we  find  the  canoe 
thus  constructed  among  most  primitive  nations. 

The  canoe  was  the  ordinary  form  of  boat  in  the 
New  World  when  discovered  by  Columbus.  During 
his  fourth  voyage  he  landed  on  one  of  the  Guan%ja 
Islands,  and  was  visited  by  a  large  trading-canoe  re- 
markable for  its  size  and  freight.  It  was  eight  feet 
wide,  but  formed  of  a  single  tree.  An  awning  in- 
closed a  cabin  occupied  by  the  wives  and  children  of 
the'  cacique,  and  it  was  propelled  by  twenty-five 
rowers.  It  was  supposed  to  have  come  from  Yuca- 
tan, forty  miles  distant.  The  voyagers  were  clothed 
with  cotton  mantles  ;  their  bread  was  made  of  Indian 
com,  and  thc^y  had  a  beer  on  board  made  of  the  same 
grain.  They  had  also  copper  bells,  plates,  and  hatch- 
ets as  freight. 

The  endurance  and  sea-going  qualities  of  some 
boats  of  this  description  are  almost  incredible  ;  those 
of  the  South  Sea  Islanders  and  of  the  inhabitants  of 
the  northwest  coast  of  America  often  make  voy- 
ages of  hundreds  of  miles,  the  latter  in  an  inclement 
and  tempestuous  ocean  ;  instances  are  known  of  the 
South  Sea  Island  canoes,  accidentally  blown  off  from 
their  own  island,  keeping  afloat  for  months  and 
drifting  hundreds  of  leagues. 

A  farther  advance  consisted  in  the  employment  of 
some  pliable  substance,  as  hides  or  birch-bark,  sewn  to- 
gether, where  the  proper  materials  could  be  procured. 

Ulysses,  the  hero,  made  his  own  boat. 

**  The  boats  which  come  down  the  river  [Euphrates] 
to  Babylon  are  circular,  and  made  of  skins.  The 
frames,  which  are  of  willow,  are  cut  in  the  country  of 
the  Armenians,  above  Assyria,  and  on  these,  which 
serve  for  hulls,  a  covering  of  skins  is  stretched  out- 
side, and  thus  the  boats  are  made  without  either  stem 
or  stem,  quite  round  like  a  shield."  —  HEiiODOTUS, 
I.  193. 

The  modem  boats  of  the  Euphrates  are  of  closely 
woven  willow  payed  with  bitumen. 

For  capability  of  living  in  a  heavy  sea  or  landing 
in  a  heavy  surf,  no  boat  constructed  can  compare 
with  the  catamaran  (which  see),  a  simple  raft  formed 
of  three  or  more  logs  of  light  wood,  connected  to- 
gether by  wooden  cross-ties,  and  having  a  slightly 
elevated  platform  for  its  occupants  to  sit  on  ;  these 
are  in  common  use  on  the  coasts  of  Hindostan  and 
South  America,  especially  for  landing  goods  and  pas- 
sengers through  a  neavy  surf,  which  tney  do  in  safe- 
ty, when  a  common  ship's  boat  would  be  almost  in- 
stantly dashed  to  pieces. 

Boats  built  of  boards  or  planks  being,  in  civilized 
countries,  of  easier  and  cheaper  constmction  than  any 
others,  and  combining  great  strength  with  lightness 
and  facility  of  repair,  are  generally  employed -for 
most  purposes,  though  of  late  years  boats  made  of 
corrugated  sheet-metal  have  come  into  use  to  a  con- 


siderable ex- 
tent. These 
combine  dura- 
bility, safety, 
strength,  and 
lightness  in 
the  highest 
possible  de- 
gree, and  fot 
life-boats  ox 
for  use  in  har- 
bors, where  es- 
tablishments 
at  which  they 
can  be  repaired 


Fig.  748. 
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are  easily  ac- 
cessible, they  I 
seem  to  unite 
every  desira- 
ble requisite ; 
but  the  impos- 
sibility of  tneir 
repair  by  an  or- 
dinary carpenter,  or  with  the  means  usually  at  hand 
on  board  ship  or  in  most  foreign  ports,  renders  them 
objectionable  in  that  respect,  tnough  when  properly 
made  they  are  little  liaole  to  accident.  See  Life- 
Boat. 

Paper  boats  are  made  by  fitting  sheets  the  length 
of  the  boat  over  a  model  of  the  exact  form  ;  succea- 
sive  sheets,  breaking  joint,  are  laid  on  with  a  coat  of 
vamish  between  each.  Model  and  paper  envelope 
are  removed  to  a  drying-room,  and  then  payed  with 
boiled  oil  and  turpentine,  and  then  with  shellac  var- 
nish. The  shell  is  then  fitted  with  an  inner  frame, 
thwarts,  and  the  usual  appendages. 

Ship's  boats  are  named  according  to  their  sizes  or 
the  nature  of  their  duty.    They  are  known  as  — 

Launch, 


Long-boat, 

Baige, 

Pinnace, 

Yawl, 

Galley, 

Gig, 

Cutter, 

Jolly-boat, 

Dingy, 


►  Carvel-built. 


Clinker-built. 


Boats  are  also  known  by  their  purpose  or  duty  ; 
as,— 

Advice-boat,  Snag-boat, 

Canal-boat,  Stone-boat, 

Dispatch-boat,  Submarine-boat, 

Ferry-boat,  Surf-boat, 

Ice-boat,  Tender-boat, 

Life-boat,  Torpedo-boat, 

Packet-boat,  Tug-boat, 

Passat-boat,  Whiale-boat,  etc. 
Pilot-boat, 

Also  by  specific  names  of  various  imports ;  as,  — 

Bateau,  Keel, 

Coracle,  Metallic-boat, 

Buggy-boat,  Punt, 

Bunder-boat,  Scow, 

Caique,  Sectional-boat, 

Dory,  Skiff, 

Flat-boat,  Steam-boat, 

Folding-boat,  Wherry,  etc.. 
Gondola, 

most  of  which  are  described  under  their  respectiYe 
heads. 


Digitized  by 


Google 


BOAT-BRIDGE. 


313 


BOAT-DETACHING   HOOK. 


Boat-bridge.  A  boat- bridge  consists  of  a  track 
laid  on  a  number  of  boats  anchored  parallel  in  the 
stream,  .or  moored  to  ropes  or  chains  wnich  pass  from 
bank  to  bank. 

The  bridge  thrown  across  the  Hellespont  by  Xerxes 
when  he  invaded  Greece,  480  B.  c,  nad  a  length  of 
500  paces,  and  was  supported  on  ships  used  as  jton- 
tons.  Suspension  cables  of  flax  and  biblos  united 
the  ships,  transverse  beams  were  laid  on  the  cables  ; 
the  beams  supported  plank  and  earth,  and  the  army 
marched  across,  bag  and  baggage. 

Many  years  after,  there  appears  to  have  been  a 
more  permanent  construction  of  this  nature  in  the 
same  vicinity. 

**  At  Abvdos  is  the  Zeugma  [or  Junction],  a  bridge 
of  boats  which  could  be  unfixed  at  pleasure  for  the 
passage  of  vessels. "  —  Strabo.    * 

Gynis,  according  to  Xenophon,  crossed  the  Mean- 
der on  a  bridge  supported  by  seven  boats. 

Bridges  of  boats  were  in  general  use  in  the  Middle 
Ages,  and  are  still  used  on  the  Continent  of  Europe. 
One  at  Strasbourg  is  1,800  feet  long,  and  there  is 
another  at  Cologne.  One  across  the  Seine  at  Rouen 
was  constructed  by  Nicolas  in  1700. 

Boat-bridges,  in  a  military  point  of  view,  are 
classed  as  ponton-bridges,  the  pontons  or  bateaux 
and  the  road-bed  being  transported  on  wagons  with 


the  army,  and  thrown  across  streams  as  necessity 
may  occur.  The  bateaux  are  moored  to  ropes  se- 
cured to  trees  or  other  safe  objects  on  the  respective 
sides  of  the  river.    See  Ponton-bridge. 

Boat-oar.  A  car  adapted  for  transporting  boats 
up  and  down  inclined  planes. 

The  Morris  and  Essex  Canal  in  the  State  of  New 
Jersey  leads  from  Jersey  City,  on  the  Hudson,  to  Eas- 
ton,  on  the  Delaware,  and  connects  these  two  rivers. 
The  breadth  at  the  water-line  is  32,  and  at  the  bottom 
16  feet,  and  the  depth  is  4  feet.  It  is  101  miles  in 
len^h,  and  is  said  to  have  cost  $8, 000, 000.  It  is  pe- 
culiar as  being  the  only  canal  in  America  in  which 
the  boats  are  moved  from  different  levels  by  means  of 
inclined  planes  instead  of  locks.  The  whole  rise  and 
fall  on  the  Morris  Canal  is  1,557  feet,  of  which  228  feet 
are  overcome  by  locks,  and  the  remaining  1,334  feet 
by  means  of  23  inclined  planes,  having  an  average  lift 
of  58  feet  each.  The  Ixxits  which  navigate  this  canal 
are  8A  feet  in  breadth  of  beam,  from  60  to  80  feet  in 
length,  and  from  25  to  80  tons  burden.  The  greatest 
weight  ever  drawn  up  the  planes  is  about  50  tons. 
The  boat-car  used  on  this  canal  is  shown  in  elevation 
and  plan,  the  boat  being  shown  in  dotted  lines.  It 
consists  of  a  strongly  made  wooden  crib  or  cradle  a, 
on  which  the  boat  rests,  supported  on  two  iron  wagons 
running  on  four  wheels,  upon  plate-rails  laid  on  the 


Fig.  744 


Boat'Ccar. 


inclined  planes,  and  raised  and  lowered  by  means 
of  machinery  driven  by  water-wheels.  The  railway  on 
which  the  car  runs  extends  along  the  bottom  of  the 
canal  for  a  short  distance  from  the  lower  extremity  of 
the  plane  ;  when  a  boat  is  to  be  raised,  the  car  is  low- 
ered into  the  water,  and  the  boat,  being  floated  over 
it,  is  made  fast  to  the  part  of  the  framework  which 
projects  above  the  ffunwale,  as  shown  in  the  draw- 
ing at  d.  The  machinery  is  then  put  in  motion,  and 
the  car,  bearing  the  boat,  is  drawn  by  a  chain  to  the 
top  of  the  inclined  plane,  at  which  there  is  a  lock 
for  its  reception.  The  lock  is  furnished  with  gates 
at  both  extremities  ;.  after  the  car  has  entered  it,  the 
gates  next  the  top  of  the  inclined  plane  are  closed, 
and,  those  next  the  canal  being  opened,  the  water 
flows  in  and  floats  the  boat  off  the  car,  when  she 
proceeds  on  her  way.  Her  place  is  supplied  by  a 
boat  traveling  in  the  opposite  direction,  which  en- 
tera  the  lock,  and,  the  ^tes  next  the  canal  being 
closed  and  the  water  run  off,  she  grounds  on  the 
car.  The  gates  next  the  plane  are  then  opened,  the 
car  is  gently  lowered  to  tne  bottom,  when  it  entera 
the  water,  and  the  boat  is  again  floated. 


Boat-de-taoh'ing 
Hook.  (Nautical.)  One 
adapted  to  be  suddenly  cast 
loose  when  a  boat  lowered 
from  the  davits  touches  the 
water.  It  is  important  that 
the  hooks  which  engage  the 
eye-bolts,  stem  and  stem, 
should  be  instantly  and 
simultaneously  disengaged 
when  the  boat  touches ' 
water.  This  is  done  by  up- 
setting the  hooks,  the  open- 
ing of  sister-hooks,  or  the 
tripping  of  a  trigger. 

In  Fig.  745  ^e  boat  is 
attached  to  the  davit-blocks  ' 
by  the  hooks  of  pivoted  le  vera 
connected  together  so  as  to 
ensure  simultaneous  release. 
The  «ivot-support8  of  the 
hook-levera  have  projections 


Fig.  746. 


BDOt-detaekmg  Hook. 


preventing  release  before  the  hooks  are  tamed  up. 
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In  Fig.  746  the  incurved  lower  ends  of  the  levers  I  loose.     Of  this  character  is  the  device  shown  in  Fig. 


fonn  jaws,  which  are  operated  by  a  toggle  at  the 
Vig.746. 


748,  in  which  the  eves  of  the  davit-fall  blocks  are 
engaged  by  pivoted  hooks  at  the  stem  and  stem  re- 
spectively ot  the  boat.     The  hooks  are  detained  by 

Fig.  748. 


DavU-Bhek  Hook. 

upper  ends  of  the  levers.     Each  half  of  the  hook 
forms  a  mousins  for  the  other. 

In  Fig.  747  uie  hook  or  link  at  the  end  of  each 
davit-fall  passes  under  one  branch  of  a  pivoted  arm, 
the  other  oranch  of  which  has  a  projection  held  by 
a  pivoted  catch,  turning  on  a  shaft  running  length- 
wise of  the  boat.  By  turning  a  handle  attached  to 
this  shaft,  the  two  catches  retaining  the  arms  simul- 

ng.  747 


Soat-Detaehmg  Hook, 

taneously  release  them,  allowing 
them  to  slip  off  the  hooks  or  links 
of  the  davit-falls. 

Boat-hook.    A  pole  whose 
end  is  furnished  with  an  iron  having  a  point  and 
a  hook.     It  is  used  for  holding  on  to  a  boat  or  other 
object,  and  is  a  part  of  the  boat's  appurtenances. 

Also  known  as  a  gaff;  setter;  setting-pole  ;  pole- 
hook;  hiteher. 

The  cotUils  nautarium  of  the  ancients. 

Boat  Low'er-ing  and  De-taoh'ing  Ap-pa- 
ratna.  The  ordinary  boat  lowering  and  hoisting 
apparatus  consists  merely  of  two  falls  passing  through 
double  blocks  and  suspended  from  the  davits.  The 
lower  blocks  hook  into  rings  at  each  end  of  the  boat, 
and  are  unhooked  by  hand  after  the  boat  is  lowered. 
In  lowering  a  boat  in  a  heavy  sea,  this  arrangement 
is  troublesome  and  inconvenient,  as  a  failure  to  de- 
tach both  hooks  simultaneously  may  lead  to  the 
swamping  of  the  boat.  To  remedy  this,  and  to  ena- 
ble both  ends  of  the  boat  to  be  cast  off  at  one  opera- 
tion, a  number  of  contrivances  have  been  devised. 
These  devices  generallv  take  the  form  of  means  for 
casting  loose  tne  hooks  fore  and  aft  with  absolute 
certain^  and  simultaneously.  Sometimes  it  is  a 
rod  which  is  withdrawn  so  as  to  let  the  hooks  fly 


Boai- Detaching  ThekU, 

links,  which  are  simultaneously  withdrawn  by  lever 
connection  with  a  rotating  shaft  amidships. 

There  are  various  modincations  of  this  form  of  the 
device. 

In  Fig.  749  the  davits  are  hinged  in  such  man- 
ner as  to  swing  freely  in  vertical  planes  toward  and 
from  the  water,  and  to  vibrate  above  and  below  a 
horizontal  plane  intersecting  their  axis  of  motion. 

Fig.  749. 


Boat- Lowering  Davits. 

Curved  sections  are  applied  to  the  upper  ends  of 
the  davits,  which  are  hinged  at  their  lower  ends,  so 
that  said  sections  can  be  turned  around  indepen- 
dently of  the  standards  to  which  they  are  attached. 

The  davits  are  counterpoised  by  a  force  sufScient 
to  raise  them  without  the  boat,  but  easily  overcome 
by  the  weight  of  the  boat. 

Bob.  1.  (Metal-working.)  A  small  buff-wheel 
used  in  poUshing  the  insides  of  spoons.  It  is  a  disk 
of  leather  nearly  an  inch  thick,  known  as  sea-cow  or 
butl-neck.  It  is  perforated,  mounted  on  a  spindle, 
and  turned  into  a  nearly  spherical  form. 

2.  (Horology.)    The  weight  of  a  pendulum. 

8.  The  suspended  ball  of  a  plumS-lvne. 

4.  The  shimng  weight  on  the  graduated  ann  of  a 
steelyard. 

5.  (Mini'ng.)  A  rocking-post  framed  into  a  piv- 
oted bar  and  driven  by  the  crank  of  the  water-wheel 
ot  engine-shaft.  To  one  end  of  the  beam  is  sus- 
pended the  pnmi>-rod,  and  the  other  is  oounter- 
weighted  to  balance  the  said  rod. 

6.  (Steam-Engine.)    A  working-beam. 
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Engine-Bob. 

Bob^bin.  (Seynng- Machine.)  A  small  spool 
adapted  to  receive  thread  and  to  be  applied  within 
a  shuttle. 

{Spinnina.)  A  spool  with  a  head  at  one  or  both 
enas  to  hold  yarn.  It  has  one  head  when  it  serves 
as  a  cop  in  spinning,  as  a  thread-holder  in  shuttles 
of  looms,  and  as  cop  in  warping-machines.  In  spin- 
ning or  warping  it  is  slipped  on  a  spindle  and  re- 
volves therewith,  being  held  thereon  by  a  spring  or 
by  the  tightness  of  its  fit. 

It  has  two  heads  when  used  as  a  spool  for  sewing- 
thread,  as  a  bobbin  for  sewing- machine  shuttles, 
and  sometimes  as  a  warp-holder  m  looms  where  each 
warp  is  independent. 

The  Wheeler  and  Wilson  sewing-machine  has  a 
circular  bobbin  of  lenticular  shape,  which  holds  the 
lower  thread,  and  is  dropped  through  the  loop  of 
the  upper  thread,  distended  for  that  purpose  by  the 
rotating  hook. 

Braiding-machine  bobbins  have  two  heads,  the 
upper  one  notched  as  a  ratchet,  to  receive  the  stop- 
ping-arm attached  to  the  let-o£f  mechanism.  Gree- 
haloh's  Patent,  April  18,  1869.  The  bobbin  ro- 
tates freely  on  its  shaft ;  its  thr^ul  passes  throuc^h 
an  eye  in  a  standard  and  one  in  a  tension-weight 
sliding  thereon.  The  stopping-4rm  is  attached  to 
a  sleeve  on  the  standard,  and  is  supported  in  the 
ratchet-openings  of  the  bobbin-head  until  the  ten- 
sion-weight is  raised  by  the  thread  to  trip  it  and 
release  the  bobbin,  which  then  rotates  freely  and 
pays  off  the  thread  until  the  slack  allows  the  ten- 
sion-weight to  fall  and  release  the  stopping-arm, 
which  again  engages  with  the  head  of  the  ooboin. 

Bobbins  are  variously  constructed,  and  of  djvere 
materials. 

Materials,  —  clay,  wood,  ivory,  hard  rubber,  por- 
celain, glass,  papier-mach^,  corrugated  metal,  mal- 
leable cast-iron. 

Having  metallic  barrels  and  disks  of  the  same  for 
heads ;  of  wood  turned ;  of  cylinders  with  one  head 
each,  and  slipping  one  into  tne  other  telescopically  ; 
with  paper  bodies ;  polygonal  prisms  with  outtons 
on  the  ends ;  having  a  number  of  different-sized  cir- 
cumferential grooves. 

Bob'bin  and  Fly  Frame.  The  ordinary  rov- 
ing-machine  of  the  cotton  manufacture.  Its  duty  is 
to  draw  and  twist  the  sliver,  and  wind  the  roving  on 
a  bobbin. 

The  bMins  containing  the  slvoers  are  mounted  in 
several  rows  on  a  creel  whicb  has  ^Areujers  for  their 
reception.  ^  Each  sliver  passes  between  a  pair  of 
guides,  which  give  it  a  horizontal  traversing  motion, 
so  that  it  shall  not  bear  upon  a  constant  part  of  the 
surfaces  of  the  drawing-rollers  between  which  it  next 
passes.  These  drawing-rollers  are  arranged  in  pairs 
(see  Drawino-frame),  and  have  a  relatively  in- 
creasing rate  of  speed,  the  second  revolving  faster 
than  tne  first  and  the  third  faster  than  the  second. 
This  proportion  may  be,  say,  first  roUere  1  inch  in 
diameter  and  60  turns  per  minute  ;  delivering  roll- 
ers, 1^  inches  in  diameter  and  180  turns  per  minute. 
By  this  proportion  the  first  roller  would  deliver  188. 4 
inches  per  minute,  while  the  front  or  delivery  pair 


passes  706.5  inches  per  minute,  the  roving  be- 
coming elongated  3f  turns  by  the  operation. 

After  leavmg  the  rollers  the  sliver  is  received 
by  the  spindles,  which  are  arranged  in  two  rows 
for  economy  of  room.  The  vertical  spindles  are 
driven  by  bevel-wheels  from  bevel-pinions,  or 
horizontal  shafts  extending  the  whole  length 
of  the  machine.  Supportea  upon  each  spindle 
is  a  flyer,  which  has  a  hollow  axis  and  a  hol- 
low arm,  through  both  of  which  the  reving 
passes  in  order  to  reach  the  bobbin,  which  is 
placed  upon  the  spindle,  and  revolves  loosely 
thereon  by  its  own  positive  motion,  derived  from 
bevel-gearing,  shown  beneath  it  in  the  figure.  The 
lower  oevel-gearing  is  for  the  rotation  of  the  spin- 
dle fkad  flyer,  and  fldves  the  twist.  The  upper  bev- 
el-gearing is  for  the  rotation  of  the  bobbin,  ami 
winds  the  roving  thereon.  The  flyer  has  one  tuba- 
lar  arm  to  lead  the  roving,  and  one  solid  arm  which 
acts  as  a  counterbalance  to  the  former  to  prevent 
agitation  during  the  rotation  at  high  speed,  say  l,3d0 
revolutions  per  minute. 

The  bobbm  has  two  motions,  —  one  around  the 
spindle  on  which  it  is  sleeved,  and  one  up  and  down 
on  the  spindle.  The  former  is  for  the  winding  on  of 
the  roving,  and  the  latter  to  distribute  the  roving 
in  coils  alongside  each  other  along  the  length  of  tli« 
bobbin. 

There  are  three  inequalities  to  the  motion  of  the 
bobbin, —  one  in  the  rate  of  its  revolution,  another 
in  the  length  of  its  vertical  traverse,  and  a  third  in 
the  rate  of  its  traverse.  The  inequality  of  rotation 
is  for  the  purpose  of  winding  equal  roving  in  equal 
time,  notwitnstanding  the  increasing  diameter  of  the 
cop.  The  rate  of  winding  on  is  of  necessity  equal  to 
the  rate  of  delivery  from  the  front  pair  of  drawing- 
rollers,  and  it  follows  that  the  rate  of  winding  must 
be  uniform.  As  layer  after  layer  of  coils  accumulates 
upon  the  bobbin,  the  latter  receives  a  decrease  of 
speed  exactly  e(^uivalent  to  its  increase  of  diameter. 
This  is  accomplished  by  con^-pulleys  by  which  the 
driving-band  is  shifted  to  a  part  of  the  artp«w-pulley 
having  a  larger  diameter,  the  band  having  a  constant 
rate.    See  Cone-pulleys. 

The  vertical  motion  of  the  bobbins  is  by  means  of 
raising  and' lowering  the  coppina-rail.  on  which  the 
whole  row  or  the  two  rows  of  bobbins  rest,  sliding 
the  bobbins  up  and  down  on  the  spindles.  The  ine- 
quality of  length  of  vertical  motion  is  for  the  pur- 
pose of  giving  a  gradually  decreasing  length  to  each 
successive  layer  of  coils,  giving  a  conical  end  to  the 
completed  cop,  so  that  each  layer  contains  an  equal 
length  of  roving,  its  diminution  in  length  counter- 
balancing its  increase  in  diameter.  The  inequality 
of  rate  of  vertical  motion  is  to  enable  the  yams  to 
lie  compactly  side  by  side  in  the  coils,  not\^'ithstanding 
the  changes  in  the  rate  of  revolution  due  to  changes 
in  the  diameter  of  the  cop. 
While  the  twist  depends  upon  the  rotation  of  the 

X'ndle  and  flyer,  the  degree  of  twist  depends  upon 
J  ratio  between  the  delivery  at  the  front  pair  of 
dratoing-rollers  and  the  revolutions  of  the  spindle. 
"ITie  winding  on  of  the  twisted  roving  upon  the 
bobbin  is  effected  by  giving  to  the  bobbin  such  a  ve- 
locity that  the  difference  between  the  motion  of  the 
surface  of  the  bobbin  and  the  motion  of  the  deliver- 
ing end  at  the  arm  of  the  flyer  shal)  equal  the  sur- 
face-motion of  the  roller  or  the  supply  of  the  sliver. 
The  spindle  and  bobbin  being  driven  by  different 
movements  and  at  different  rates,  the  winding  is 
effected  either  by  making  the  bobbin  revolve  a  little 
faster  than  the  spindle,  or  the  spindle  faster  than 
the  bobbin.  If,  for  example,  the  bobbin  revolves  50 
times  while  the  spindle  only  revolves  40,  40  turns  of 
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the  bobbin  will  have  nothing  to  do  with  the  wind- 
ing; but  there  are  10  turns  of  the  bobbin  above 
those  of  the  flyer,  which  will  perform  the  winding. 
Hence  the  40  turns  of  the  spindle  produce  twist, 
while  the  50  turns  of  the  bobbin  produce  10  coils  of 
the  roving  upon  its  barrel." —  Tomlinson. 

Bobbin  and  fl  v  frames  are  of  two  kinds,  coarse  and 
Jinef  OT  first  and  second. 

The  coarse,  ot  first,  bobbin  and  fly  frame  acts  upon 
slivers  from  cans  filled  at  the  drawing-frame  and 
placed  at  the  back  of  the  machine. 

The  fine,  or  second,  bobbin  and  fiy  fram/t  acts  upon 
rovings,  or  slubbings  as  they  are  often  called,  from 
bobbins  filled  at  the  first  frame  and  placed  on  the 
skewers  of  the  creel  -placed  behind  the  roller-beam. 

The  object  of  the  repetition  is  to  obtain  a  greater 
degree  of  dravnng  and  twist  than  could  be  safely  im- 
parted at  the  first  operation,  when  the  sliver  or  card 
end  had  but  little  coherence. 

In  the  coarse  bobbin  and  fly  frame  it  is  usual  to 
make  the  spindle  revolve  quicker  than  the  bobbin, 
and  in  the  fine  frame  to  make  it  go  slower.  The  re- 
lation of  the  speed  and  proportions  are  well  explained 
by  Dr.  Ure  with  an  elaborateness  impossible  within 
our  limits. 

In  the  coarse  roving-frames  the  spindles  make  on 
an  average  750  revolutions  per  minute,  turning  ofi" 
for  each  spindle  400  inches  per  minute  or  6662  yards 


per  hour.  In  the  fine  frame  there  is  more  twisting 
jKJwer,  and  this  produces  about  633  yards  per  hour. 
In  the  coarse  frame  the  sliver  is  elongated  from  four 
to  six  times,  one  quarter  of  the  draft  being  between 
the  first  and  second  pairs  of  rollers,  and  the  remain- 
ing three  quarters  between  the  second  and  the  deliv- 
ery pairs  of  rollers. 

As  the  drawing-rollers  and  the  spindles  are  driven 
by  positive  though  determinate  motions  from  the  same 
shaft,  the  number  of  twists  to  an  inch  of  the  &liver 
delivered  from  the  front  pair  of  drawing-rollers  is 
uniform  after  the  work  is  started,  irrespective  of  the 
rate  of  winding  on  the  bobbin  or  the  actual  speed 
of  the  machine.  The  relation  is  adjustable  before 
starting  by  changeable  gearing  intervening  between 
the  mam  shaft  and  the  spur-wheels  of  the  dravdng- 
roUers.  If  the  drawing-rollers  pay  out  706  inches 
of  sliver  and  the  flyers  make  1,300  revolutions,  the 
amount  of  twist  will  be  nearly  If  to  an  inch.  This 
is  but  slight,  but  is  usual  in  the  first  roving-machine, 
a  draw  and  twist  being  afterwards  given  m  the  aec^ 
ond  roving-Tnachine ;  the  processes  being  repeated 
either  in  the  throstle  or  the  mtUe,  in  one  of  which 
the  yam  is  finished. 

For  the  adjustment  of  different  degrees  of  twist  in 
different  yams  a  differential  gearing  is  used.  See 
Equational  Box. 

B,  main  shaft,  driven  by  a  band  from  the  engine. 
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2,  8,  t,  7,  8,  C,  D,  train  for  driving  drawing- 
rollers. 

F  F,  long  horizontal  shaft  below  the  beam  /,  driven 
by  gearing  from  the  main  shaft,  and  driving  the 
spindles  O. 

h,  copping-beam  on  which  the  bobbins  rest,  and 
which  is  fitted  with  slides  to  the  end  frames  Z. 

9,  flyer  pressed  on  to  the  top  of  the  spindle. 

X,  pulley  for  the  chain  of  tne  weight  which  coun- 
terbalances the  weight  of  the  copping-rail. 

U,  horizontal  shaft  carrying  the  bevel  gears  by 
which  are  rotated  the  disks  in  the  copping-rail  h,  on 
which  the  bobbins  are  fixed  to  rotate  as  they  trav- 
erse up  and  down  on  the  spindles  O. 

C,  K,  L,  21,  M,  22,  25,  shafting  and  train  driving 
the  pinion  and  rack  86,  by  which  the  copping-rail 


is  vertically  actuated;  right  and  left  bevel-wheels  22 
(and  another  not  shown),  sliding  on  shaft  M,  to  en- 
gage altemately  with  pinion  21,  to  give  the  motions 
of  the  oopping-rail. 

32,  88,  34,  train  connected  with  the  oow-puUey 
for  variable  sp(^,  and  driving-shaft  H,  which  re- 
volves the  bobbins  by  the  intervention  of  bevel- 
gears.  The  wheels  are  connected  by  elbow-links,  so 
as  to  mesh,  irrespective  of  the  vertical  position  of 
the  copping-rail  h  and  its  adjuncts. 

Bob-bin-et'.  \Fabrie. )  A  machine-made  cotton 
net,  originally  imitated  from  the  lace  made  by  bob- 
bins upon  a  pillow. 

It  consists  of  a  series  of  parallel  threads  which 
may  be  considered  as  Kxirp-th  reads,  and  two  systems 
of  oblique  threads  which  proceed  from  the  right  to 
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the  left,  and  from 
the  leftto  the  right 
respectively. 
Each  weft  thread 
has  a  single  turn 
around  each  cross- 
ing of  a  warp,  and 
the  contrary  strain 
of  the  respective 
weft  threads  gives 
a  serpentine  course 
to  the  warps. 

The  thread  that 
makes  thebobbin- 
et  is  supplied  part- 
ly from  bobbins 
and  partly  from  a 
warp.  The  bob- 
bins are  small 
brass  pirns,  and 
swing  with  a  pen- 
dulous motion  between  the  warp-threads  so  as  to 
wrap  the  weft  round  the  warp. 

Tne  bobbinet-machine  was  originally  derived  from 
the  stockiAg-frame,  invented  by  the  onfortunate 
William  Lee,  M.  A.,  of  Cambridge,  1689. 

Lee  was  successively  patronized  by  Elizabeth  and- 
by  Henry  IV.  of  France.  The  former  liked  the 
stockings  well  enough,  but  refused  Lee  a  patent,  as 
the  invention  was  so  valuable  that  it  would  command 
the  market.  The  assassination  of  Henry  deprived 
Lee  of  a  more  generous  patron,  and  he  fell  into  pov- 
erty, obscurity,  and  an  untimely  grave. 

Hammond  (about  1768)  modified  a  stocking-frame 
to  make  a  coarse  imitation  of  Brussels  ground ;  this 
was  the  ^in-machine . 

In  1784,  the  warp-framt  was  invented,  for  making 
warp-lace.  . 

In  the  next  decade,  the  bobbin-frame. 
In  1809,  Heathcote  invented  the  bobbinet  machine. 
This  is  a  complicated  machine,  used  in  but  few 
localities.     The  parts  are  very  numerous,  the  mo- 
tions intricate,  and  the  machine  cannot  be  readily 
explained  within  the  limits  admissible  in  this  work. 
Bobl>in-lace.  {Fabric.)  Lace  made  upon  a  pil- 
low with  bobbins.    The  pillow  is  a  hard  cushion 
covered  with  parchment  on  which  the  pattern  of 
the  meshes  is  drawn.     Pins  are  inserted  into  the 
lines  of  the  pattern  and  determine  the   meshes. 
Thicker  thread,  called  gimp,  is  interlaced  with  the 
meshes,  according  to  the  pattern  on  the  parchment. 
The  thread  is  wound  upon  bobbins,  and  is  twisted, 
crossed,  and  secured  by  pins.     See  Pillow-lace. 
BoiybinHitand.    A  mune  for  holding  the  bob- 
bins for  warps  of  a  loom,  threads 
Fig.  763.  of  a  warping-machine,  and  yams 

of  a  spinning-machine. 

The  bobbin  or  reel  rotates  on 
a  spindle  fixed  in  a  base-plate. 
It  IS   covered  with  a  metallic 
disk,   supported  a  little   above 
the  top  of  the  spool  on  a  shoul- 
der of  the  spindle,  and  held  down 
by  a  screw-nut.     An  improved 
form  provides  flanges  or  annular 
lips  projecting  from  the  base  and 
cap  to  inclose  the  spool-heads, 
^  and   prevent    the    twine    from 
Bobbin- aumd.       catching  under  the  heads.     It 
is  surmounted  with  a  twine-cutter. 
Boba>in-wind'er.    1.  (Weaving.)    The  thread 
or  yam  is  directed  to  the  eye  of  the  guide,  which  is 
at  the  end  of  a  shaft  automatically  raised  and  low- 
ered, to  lay  the  thread  spirally  and  conically  on  the 
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bobbin  by  a  lever  a  bearing  against  a  cam  b,  so  shaped 
that  as  the  layers  of  thread  are  built  up,  the  length 
of  throw  increases ;  the  bobbin  e  is  supported  on  a 
fixed  shaft  d  rotated  continuously. 

2.  (Setoing-Mackine.)  A  device  adapted  to  re- 
ceive a  shuttle-bobbin  and  rotate  it  so  tnat  it  may 
be  Avound  with  thread.  The  winders  are  usually 
operated  by  being  turned  in  contact  with  the  driv- 
ing-wheel, balance-wheel,  or  band.  Some  winders 
are  supplied  with  an  automatic  thread-distributor, 
to  lay  the  thread  evenly.  ^^  ^ 

Winders  for  the  shuttle- 
bobbins  of  sewing-machines 
have  arrangements  for  lay-  ^ 
ing  the  thread  regularly. 
A  traverse  guide  is  auto- 
matically reciprocated  to 
lay  the  thread  evenly  and 
compactly,  or  the  bobbin 
is  reciprocated  to  receive 
it.  When  tilled,  the  wind- 
ing ceases  by  a  stop-mo- 
tion or  dirough  an  alann. 

In  the  illustration,  the 
arbor  on  which  the  bobbin 
is  placed  is  rotated  by 
the  temporary  contact  of  a 
friction-wheel  against  the 
fly-wheel  of  the  machine. 

The  vibrating  presser  D 
is  T-shaped,  ana  is  piv- 
oted by  Its  lower  end  to  a 
horizontal  bar  E^  and 
acted  on  by  a  spring  s. 

The  upper  portion  or  T-   S'^^J^ Sf"^^^**^', 
head    STthls    presser   is  Bobi^  of  Seunng-Madnnes). 

somewhat  longer  than  the  bobbin  C,  but  that  portion 
which  impinges  against  the  thread  on  the  bobbin  is 
of  such  width  as  to  be  received  between  the  heads  of 
the  bobbin.  S  represents  the  yertical  rod  on  which 
the  spool  T  is  applied.  B  represents  a  rod  which 
is  provided  with  fixed  thread-guides  t^  fi  and  a  hori- 
zontal vibrating  thread-guide  t. 

The  winder  for  lenticular  roooU  of  sewing-machines 
has  a  spindle  on  which  the  bobbin  is  held  while  be- 
ing rotated  by  the  power  of  the  sewing-machine. 
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The  thread  from  the  spool  X,  instead  of  being  held 
by  tlie  fingers  aa  the  bobbin  revolTes,  Ib  pawrd 
around  the  temion  B,  and  thence  to  the  bobbin  A. 
On  operating  the  sewing-machine  the  thread  will  be 
wound  up  on  tlie  bobbin  A,  by  the  rotation  of  the 

Fig.  766. 


Bdbbii^Wmder. 

shaft  Hi  compactly  and  uniformly  by  the  action  of 
the  tension  B.  This  will  continue  until  the  bobbin 
A  is  filled,  when  the  thread  will  override  and  slip 
over  the  edge  of  the  bobbin,  down  upon  the  knife  U, 
and  be  instantly  cut  off. 
Bol>-«led.    A  compound  sled  composed  of  two 


BolhSUdi. 

short  sleds,  one  in  front  and  another  behind,  con- 
nected together  longitudinally  by  a  reach. 

Bob-uei^  A  sleigh  made  up  of  two  short  (bob) 
sleighs  connected  by  a  reach  or  coupling.  In  the 
illustration,  the  reach  is  curved  upward  to  allow 
the  fore  bob  to  pass  beneath  the  reach  in  turning. 

Fig.  768. 


The  body  is  supported  on  pendent  bars  and  hanging 
link8» 

Boiystaj.  (Nautical.)  One  of  the  chains  or 
ropes  which  tie  the  bowsprit  end  to  the  stem,  to 
enable  it  to  stand  the  upward  strain  of  the  fere- 
stays. 

Boiystay-pieoe.  (Shipbuilding.)  A  piece  of 
timber  stepped  into  the  main  piece  of  the  head,  and 
to  which  tne  bobstay  is  secured.     See  Stem. 

Bo^oaL  (Glass.)  A  glass  jar  with  a  short,  wide 
neck. 

Boo'a-aine.  (Fabric.)  A  kind  of  calamanco  or 
woolen  stuff. 

Boo'ca.  (Glass.)  The  round  hole  in  a  glass- 
furnace  from  which  the  glass  is  taken  out  on  the 
end  of  the  pontil. 

Boo'ca-rella.  (Glass.)  A  small  bocca  or  mouth 
of  a  glass-furnace.     A  nose-hole. 

Boo'd-Ufl-Ught.  A  form  of  gas-burner  invented 
by  Boccius,  and  consisting  of  two  concentric  metal- 
lic cylinders  placed  over  the  flame  and  within  the 
usual  lamp  g^iaas,  so  as  to  modify  the  combustion 
and  increase  the  brilliancy  of  the  light. 

Book'iiig.  (Fabric.)  A  coarse  woolen  fabric, 
or^nally  made  at  Bocking,  England. 

Bod'kin.  Anciently,  a  dagger.  (Welsh,  ^uio^yii, 
a  dagger ;  diminutive  of  bidog,  a  sword.) 

*<  Bfight  hia  quietus  malw  with  a  bu«  bodkin.*' 

1.  (Printing.)  A  printer's  awl,  for  picking  letters 
out  of  a  column  or  page  in  correcting. 

2.  (Bookbinding^  A  pointed  steel  instrument 
for  piercing  holes,  used  by  bookbinders  and  others. 

8.  A  large-eyed  and  blunt-pointed  threading  in- 
strument for  leading  a  tape  or  cord  through  a  hem. 
Bod'y.    The  principal  portion  of  an  object ;  such 

Body  of  a  carriage  or  wagon ;  the 
part  to  contain  the  load. 
Of  a  type  ;  the  shank. 
Of  a  boiler,  barrel,  or  bell ;    the 
main  portion  as  distinguished  firom 
the  appendages. 

Of  a  column  ;  the  Kg*  7W. 

straight  portion  be- 
tween the  capital  and 
the  base. 

Ofapump;  the  bar- 
rel. 

Of  a  spoke ;  the 
part  between  the  hub 
and  felly  tenons. 

Of  a  still  ;  the 
chamber  containing 
the  wash ;  the  eucur- 
bU. 

Of  an  implement ; 
the  part  stocked,  as 
of  a  plow. 

1.  (Printing.)  The 
shank  of  a  type,  indi- 
cating size,  as  agate 
face     on     nonpareil 
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body  ;  larger  than  the  usual  body  of  ougaXt^  and  there- 
fore having  the  effect  of  spacing  or  putting  the  let- 
ters more  widely  apart. 

2.  {MusU,)  The  upper  and  resonant  portion  of 
an  bigan-pipe  above  the  reed  or  the  nunUh,  by  which 
vibration  is  imparted  to  the  air. 

8.  ( Vehicle,)  The  bed,  box,  or  receptacle  for  the 
load. 

4.  {AgricuUurcU  Implements.)  The  portion  of  an 
implement  engaged  in  the  active  work  ;  as,  '*  various 
bodies  of  plows  may  be  attached  to  a  plow-stock,  ac- 
cording to  the  work  in>hand." 

a,  subsoil  body.  e,  ridging  body. 

b,  potato  body.  d,  di^ng  body. 

Bod'y-hoop.  {Nautical.)  The  bauds  of  a  biult 
mast. 

Bod/y-loop.  {Fehides.)  An  iron  bracket  or 
strap  by  which  the  body  is  supported  upon  the 
spring  bar. 

Bod'y  of  a  Plaoe.  (Fort\/ic(Uum.)  a.  The 
works  next  to  and  surrounaing  a  town,  in  the  form 
of  a  polygon,  regular  or  irr^^ular.  —  Griffiths. 

b.  The  space  inclosed  within  the  interior  works  of 
a  fortification. 

Bod'y-plan.  {Shipbuilding.)  An  end  elevation, 
showing  the  tcxi^-lines,  btUtock  and  bow  lines,  di- 
agoncUlmeSj  etc. 

Bod'y-poBt  {Shipbuilding.)  The  post  at  the 
forward  end  of  the  opening  in  the  dead-wood  in 
which  the  screw  rotates. 

Bog-caf  ting  Plow.  An  implement  for  cutting 
and  turning  up  boggy  or  peaty  soil  for  fuel  or  chemical 
uses.     In  the  example,  the  pronged  sole-plate  D  has 
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cutters  attached  beneath,  and  is  followed  by  a  mold- 
board  E  attached  to  the  standard.  A  colter  may 
be  placed  on  the  left  prong  of  the  sole-plate. 

Bo'gie.  {Steam-Engine.)  A  four-wheeled  truck 
supporting  the  fore-part  of  a  locomotive,  and  tum- 
ingheneath  it  to  some  extent,  if  necessary. 

Bo'gie-en'gine.  {Steam- Engine.)  A  locomotive- 
engine  employed  at  a  railroad  station  in  moving  cars 
and  making  up  trains.  The  driving-wheels  and 
cylinders  are  on  a  truck  which  is  free  to  turn  on  a 
center-pin. 

Bo^^e-frame.  {Railroad  Engineering.)  A  four- 
wheeled  truck,  turning  on  a  pivoted  center,  for  sup- 
porting the  front  part  of  a  locomotive-engine. 

Bo-ne(mi-an  G-lass.  {Glass.)  A  clear  crown 
glass,  a  silicate  of  potash  and  lime,  a  little  of  the 
silicate  of  alumina  being  substituted  for  the  oxide 
of  lead.  The  silica  for  this  glass  is  obtained  by 
pounding  white  quartz. 

Boil'er.    A  vessel  in  which  liquid  is  boiled. 

1.  Household-boilers  are  kettles,  saucepans,  and 
clothes-boilers, 

2.  The  boiler  for  raising  steam  may  be  fairly 
called  a  steam^nerator.     See  Steam-boilek. 

8.  The  dyer's  boiler  is  called  a  copper. 

4.  That  of  the  sugar- worker  is  a  pan. 

5.  That  of  the  distiller,  a  still. 

6.  The  chemist's  boiler  may  be  a  retort,  aJemhic,  etc. 

7.  Lard  and  tallow  rendering  is  performed  in  a  di' 
gester,  or  tank. 


The  list  below  includes  many  of  the  different  kinds 
of  boilers  —  not  the  varieties  of  the  kinds  —  and 
their  parts.  Most  of  them  are  described  under  their 
respective  heads. 


A^cultural  boiler. 

Air-heating  boiler. 

Bath-heater. 

Blow-off  pipe. 

Boiler-alarm. 

Boiler-feeder. 

Boiler-float. 

Boiler-prover. 

Boiler-tube. 

Brine-pump. 

Brine- valve. 

Caravan-boiler. 

Cast-iron-boiler. 

Coffee-boiler. 

Cold-water  boiler. 

Cold-water  pump. 

Cornish  boiler. 

Culinary  boiler.  • 

Cylinder-boiler. 

Detector,  Low-water 

Domestic  boiler. 

Egg-boiler. 

Feeder,  Boiler. 

Feed-head. 

Feed-pipe. 

Feed-pump. 

Feed- water  apparatus. 

Float. 

Flue. 

Flue-brush. 

Flue-cleaner. 

Flue-surface. 

Foam-collector. 

Fusible  plug. 

Gage-cock. 

Gage-glass. 

Generator,  Steam 

Giffard  injector. 

Heating  surface. 

High-pressure  alarm. 

Hot-water  heating-appa- 
ratus. 

Hot-water  pump. 

Hot-\*ell. 

Incrustation  in  boilers, 
Removing . 

Instantaneous  generator. 

Jacket. 

Jig- 
boiler. 

Lard-renderer. 

Lock-up  safety-valve. 

Low-water  alarm. 

Low-water  detector. 

Low-water  indicator. 


Man-hole. 
Mud-collector. 
Mud-plug. 
Mud-valve. 
Multiflue-boiler. 
Multitubular  boiler. 
Portable   boiler  and  fur- 
nace. 
Pressure-gace. 
Priming-vahre. 
Safety-plug. 
Safety-tube. 
Safety-valve. 
Salinometer. 
Scale-borer. 
Sectional  steam-boiler. 
Sediment-collector. 
Skimmer. 
Soap-boiler. 
Stetun-boiler.        i 
Steam-boiler  alann. 
Steam-cock. 
Steam-coil. 
Steamer. 
Steam-gage. 
Steam-ffenerator. 
Steam-heating  apparatus. 
Steam-jacket. 
Steam-pressure  gage. 
Teakettle. 
Tube. 

Tube-brush. 
Tube-cleaner. 
Tube-cutter. 
Tube-door. 
Tube-expander. 
Tube-fastener. 
Tube-ferrule. 
Tube-flue. 
Tube-plate. 
Tube-plate  stay. 
Tube-plug. 
Tube-sealer. 
Tube-sheet. 
Tube-stopper. 
Tubular  boiler. 
"Wagon-boiler. 
"Wash-boiler. 
Water-back. 
"Water-bridge. 
"Water-gage. 
"Water-heater. 
"Water-indicator. 
"Water-iigector. 
"Water-leg. 

Boil'er-a-larm'.  An  apparatus  or  device  for 
indicating  a  low  stage  of  water  in  steam-boilers. 
See  Steam-boiler  Alarm  ;  Low-water  Alarm. 

Boil'er-feed'er.  An  arrangement,  usually  auto- 
matic and  self-regulating,  for  supplying  a  boiler  with 
water.  The  simple  force-pump  or  iigector,  as  worked 
by  the  engine  or  boiler,  may  or  may  not  have  self- 
regulating  devices  by  which  a  nearly  constant  water- 
level  is  maintained,  but  there  are. other  devices  by 
which  the  variation  in  the  water-level  is  made  to 
bring  into  or  withdraw  the  operative  parts.  See 
Feed- WATER  Apparatus. 

One  automatic  arrangement  is  shown  in  Fig.  761. 
"When  steam  is  admitted  through  the  short  leg  of 
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the  siphon  into  the  chamber  above,  the  weight  ceases 
to  balance  the  float,  and  the  latter,  sinking,  opens  the 
water-supply,  which  ceases  as  the  water  rises  in  the 

He.  761. 


BoOer-PBedtr. 

boiler  above  the  opening  of  the  said  le^  of  the  siphon. 
The  water-level  m  the  boiler  at  which  steam  shall 
be  so  admitted  is  regulated  by  adjusting  the  said 
leg. 

BolFer-float  {Steam- Eiigine.)  A  float  which 
rises  and  falls  with  the  changing  hight  of  water 
in  a  steam-boiler,  and  so  turns  on  or  on  the  feed- 
water. 

Boil'er-ftir'naoe.  (Steam-Engine.)  One  spe- 
cifically adapted  for  the  heating  of  a  steam-generator. 
The  shapes  vary  with  those  of  the  boilers  themselves, 

Pig.  782. 
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the  latter  being  cylindrical,  wagon-shaped,  vertical, 
etc.  The  illustration  is  an  example  of  a  downward 
draft-furnace,  in  which  a  5  are  the  fuel-doors,  S  the 
draft-damper,  B  the  furnace,  E  the  fire-box,  H  the 
iteam-space. 
BoU'er-i'ron.    Rolled  iron  of  J  to  |  inch  thick- 
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ness,  used  for  making  steam-boilers,  tanks,  the  skin 
of  ships,  etc. 

Boil'er-pro-teot'or.    A  non-conducting  cover- 
ing to  prevent  the  escape  of  heat.     Among  the  de- 
vices for  this  purpose  may  be  cited,  — 
Felt,  treated  in  various  ways.     Asbestos. 
Laming. 

Allied  to  the  above  in  position,  if  not  in  duty,  are 
water-jackets  to  utilize  the  heat,  air -flues  and 
shields  to  protect  surrounding  bodies  against  the 
radiated  heat. 

Boil'er-prov'er.  {Hydraulies.)  A  force-pump 
with  pi-essure-in- 
dicator,  used  to 
try  the  power 
of  a  boiler  to  re- 
sist rupture  under 
a  given  stress  of 
hydraulic  pres- 
sure. 

Boil'er-stay. 
(Steam  -  Engine.) 
A  tie-bar  by  which 
the  flat  plates 
on  the  opposite 
sides  of  TOilers 
are  connected, 
in  order  to  enable 
them  to  resist  in- 
ternal pressure. 
The  stays  cross  an 
intervening  water 
or  steam  space. 

Boil'er-tabe. 
(SUeam-Ejigine.)  The  tubes  by  which  heat  from 
the  furnace  is  diffused  through  the  mass  of  water  in 
locomotive  and  other  boilers  of  the  smaller  class. 
They  are  usually  arranged  longitudinally  of  the 
boiler,  and  are  fitted  by  steam  and  water-tight  con- 
nections to  its  heads.  A  tube  carries  water ;  a  flue 
carries  flame  and  the  volatile  products  of  combustion. 
Boil'er-y.  A  salt-Jiouse  or  place  where  brine  is 
evaporated. 

Boillng-ftir'naoe.  (Metallurgy.)  A  reverber- 
atory  furnace  employed  in  the  decarbonization  of 
cast-iron  to  reduce  it  to  the  condition  for  mechanical 
treatment  by  hammer,  squeezer,  and  rolls,  by  which 
it  is  brought  into  bar  or  plate  iron.  The  term  boil- 
ing refers  to  the  bubbling  which  takes  place  during 
the  process  of  conversion,  and  the  word  is  somewhat 
local.  This  modification  of  the  puddling-fumace 
was  invented  by  Hall,  and  consists  mainlv  in  some 
differences  in  the  proportion  of  the  parts,  tne  use  of 
cinder,  and  of  a  m-eater  heat. 

The  furnace  is  nested  to  an  intense  heat  by  a  fire 
uiged  with  a  blast.  The  cast-iron  sides  are  double, 
and  a  constant  circulation  of  water  is  kept  pass- 
ing through  the  chamber  thus  made,  in  order  to 
preserve  the  structure  from  fusion  by  the  heat. 
The  inside  is  lined  with  fire-brick  covered  with 
metallic  ore  and  slag  over  the  bottom  and  sides, 
and  then,  the  oven  being  charged  with  the  piss  of 
iron,  the  heat  is  let  on.  The  pigs  melt,  and  the 
oven  is  filled  with  molten  iron.  The  puddler 
constantly  stirs  this  mass  with  a  bar  let  through  a 
hole  in  the  door,  until  the  iron  boils  up  or  *  *  ferments," 
as  it  is  called.  This  ebullition  is  caused  by  the 
combustion  of  a  portion  of  the  carbon  in  the  iron, 
and  as  soon  as  the  excess  of  this  is  consumed,  the 
cinders  and  slag  separate  from  the  semifloid  mass, 
which  the  puddler  stirs  and  forms  into  baOs  of  such 
a  size  as  he  can  conveniently  handle,  which  are  tak- 
en out  and  carried  on  ball-trolleys  to  the  squeezer. 
Boto-dor'oi    A  compound  of  sawdust  from  hard 
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wood,  such  as  rosewood  or  ebony,  mixed  with  blood 
and  other  cementing  material,  and  iised  to  obtain 
medallions  or  other 'objects  by  pressure  in  nfblds. 

"B&laM.  A  form  of  missile  used  by  the  Paraguay 
Indians,  the  Patagonians,  and  the  Esquimaux.  The 
bolas  of  the  Patagonians  has  several  varieties.  That 
used  in  war  consists  of  a  single  ball  of  hardened  clay 
or  rounded  stone,  weighing  about  a  pound,  and  fast- 
ened to  a  stout  rope  of  sinew  or  skin.  This  they 
sometimes  throw  at  their  adversary,  rope  and  all, 
but  generally  they  prefer  to  strike  his  head  with  it, 
like  a  slung-shot. 

For  hunting,  they  use  two  similar  stones,  fastened 
together  by  a  rope,  which  is  generally  three  or  four 
yards  long.  One  of  the  stones  the  hunter  takes  in 
his  hand,  and  then,  whirling  the  other  round  his 
head,  throws  both  at  the  object  he  wishes  to  entan- 
gle. Sometimes  several  balls  are  used,  but  two  Ls 
the  usual  number.  They  do  not  try  to  strike  the 
object  with  the  balls,  but  with  the  rope,  and  then, 
of  course,  the  balls  awing  round  in  different  direc- 
tions, and  the  thongs  are  wrapped  around  the  ob- 
ject. It  is  said  that  the  natives  can  use  the  bolas 
effectually  at  eighty  yards. 

The  bolas  of  the  Eisquimaux  consists  of  a  number 
of  walrus  teeth  attached  to  the  ends  of  strings  whose 
other  ends  are  united  into  a  knot. 

Bo-leo'tioiL     (Joinery. ) 

Kg.  764.  Moldings    surrounding   the 

panels  of  a  door,  gate,  etc., 

r\/^^    "    -^   *^d  which   pi-oject  beyond 

ffP^'.    _,  j ^    /    the  general  face  of  the  same. 

"""^'^^^""" — X       -^^      Bol'lard.     {NaiUkal,) 
a.  A  large  post  or  bitt  on  a 
BoUction  Maiding        wharf,  dock,  or  on  shipboard, 
for  the  attachment  of  a  haw- 
ser or  warp,  in  towing,  docking,  or  warping. 

b.  A  rundle  in  the  bow  of  a  whale-boat  around 
which  the  Hne  runs  in  veering ;  called  also  logger^ 
head. 

Boriard-tim'ber.  (Shipwrighting.)  A  timber, 
one  on  each  side  of  the  bowsprit  near  the  heel,  to 
secure  it  laterally.     A  knighthead. 

Bo-log'na-vi'aL  (Glass.)  A  small  unannealed 
vessel  of  glass,  open  at  the  upper  end  and  rounded 
at  the  bottom  end,  which  is  thick.  It  will  with- 
stand a  moderate  blow  on  the  .bottom,  but  is  cracked 
by  dropping  into  it  a  small,  angular  piece  of  flint. 

It  is  an  example  of  the  inherent  strain  and  unsta- 
ble static  condition  incident  to  unannealed  glass. 
See  Annealing. 

Bol'ster.  1.  (Vehicle.)  The  transverse  bar  over 
the  axle  of  a  wi^on,  which  supports  the  bed,  and  into 
which  are  framed  the  standards  which  secure  the 
btjd  laterally. 

In  the  illustration,  rubber  springs  are  interposed 
between  the  axle  and  the  bolster.     Pistons  beneath 
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the  bed  pass  through  the  bolster  and  rest  upon  the 
springs,  so  as  to  give  an  elasticity  to  the  bed  up  and 
down  between  the  standards. 

2.  (Machinery. )    a.  A  bed-tool  a  in  a  pnnching- 


machine.     The  perforated  part  Fig.  766. 

on  which  a  plate  rests  when  the 
punch  b  drives  out  the  bur  or 
planchet.  It  has  an  opening  of 
the  same  size  and  shape  as  the 
punch  itself. 

b.  A  perforated  block  of  wood 
on  which  sheet-metal  is  laid  for  r 
punching.  •  *! 

3.  (M-usic.)    The  raised  ridge  I 
which  holds  the  tuning-pins  of  a    BoiMer  and  Punch. 
piano. 

4.  (Nautical.)  a.  A  piece  of  timber  adjoining  the 
hawse-hole,  to  prevent  the  chafing  of  the  hawser 
against  the  cheeks  of  a  sliip's  bow. 

b.  A  cushion  within  the  collar  of  a  stay,  to  keep 
it  from  chafing  on  the  mast. 

c.  A  piece  of  wood  or  vaW  of  canvas,  upon  which 
a  rope  rests,  to  keep  it  from  chafing  something  or  to 
give  it  a  proper  bearing. 

5.  (Ckirpentrg.)  a.  A  horizontal  cap-piece  laid 
upon  the  top  of  a  post  or  pillar,  to  shorten  the  bear- 
ing of  the  beam  of^a  string-piece  above. 

b.  One  of  the  transverse  pieces  of  an  arch  center* 
ing,  running  from  rib  to  rib  and  supporting  the 
voitssoirs. 

6.  (Saddlery.)    A  padde<l  ridge  on  a  saddle. 

7.  (OrdnaTU'e.)  A  block  of  wood  fixed  on  the 
stock  of  a  siege-gim  carriage,  on  which  the  breech 
of  the  piece  rests  when  it  is  shifted  backwaixl  for 
transpoitation. 

8.  (Railroad  Engineering.)  The  ])rincipal  croas- 
beam  of  a  railroad  truck  or  car  body. 

9.  (Ciml  Engineering.)  The  resting-place  of  a 
truss-bridge  on  its  pier  or  abutment. 

10.  (Cutlery.)  a.  The  shoulder  of  such  instru- 
ments and  tools  as  knives,  chisels,  etc.,  at  the  junc- 
tion of  the  tang  with  the  blade  or  the  shank,  as  the 
case  may  be. 

b.  A  metallic  plate  on  the  end  of  a  pocket-knife 
handle. 

11.  (Spinning -Machinery.)  The  spindle-bearing 
in  the  rail  of  a  spinning-frame.  It  forms  a  sleeve- 
bearing  for  the  vertical  spindle  some  distance  above 
the  lower  bearing,  which  is  called  the  step. 

Bol%ter-plate.  (Vehicles.)  An  iron  plate  on 
the  under  side  of  the  bolster,  to  diminish  the  wear 
caused  by  its  friction  on  the  axle. 

Bolt.  1.  (Machinery.)  A  stout  metallic  pin, 
employed  for  holding  obiects  together  ;  frequently 
8cre\y-threaded  at  one  end  to  receive  a  nut. 

Bolts  may  be  divided  into  tAVO  principal  classes, 
namely,  those  which  are  intended-  for  fastening 
objects  together  permanently ;  and  movable  bolts, 
such  as  lock,  sash,  door,  and  gate  bolts.  Lock- 
bolts  are  usually  operated  by  means  of  a  key,  while 
the  last-mentioned  are  protruded  and  retracted  by 
hand. 

Bolts  of  the  first  class,  —  that  is,  for  permanently 
fastening  objects  (and  not  mere  sliding  catches),  may 
be  distinguished,  first,  by  their  construction  or  mode 
of  application  ;  secondly,  by  their  application. 

As  to  construction,  the  difference  may  regard  the 
shape  of  the  head  ;  as,  rotmdj  square,  heaeagon,  octa- 
gon,  sauceredt  cotintersunk-headed,  clinch,  collared, 
chamfered,  diaw/md,  convex,  etc. 

Some  structural  peculiarity  of  the  head  ;  tiB,-eye, 
double-headed,  hook,  ring,  T-headed,  etc. 

The  mode  of  securing ;  as,  screw,  fox,  forelock, 
dincfi,  rivet,  ray,  bay,  barb,  jag,  key. 

As  to  the  nature  and  purpose  of  their  application 
they  may  be,  — assembling,  fish,  fovmdation,  bring- 
hig-to,  carriage,  drive,  fender,  lewis,  set,  shackle, 
wagon-skein,  tire,  king,  scarf,  through,  etc. 
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The  following  list  of  bolts  is  approximately  com- 
plete ;  it  inclades  other  than  Ao/otn^-bolts. 


Assembling-bolt. 
Barbed  bolt. 
Baj'-bolt. 
Brm^g-to  bolt. 
Camage-bolt. 
Clinch-bolt. 


Holding-down  bolt. 
Hook-bolt. 
Jagged  bolt 
Key-bolt. 
Lewis-bolt. 
Pointed  bolt. 


Ck)anter8ank-headed  bolt.  Ra^f-bolt. 
Diamond-headed  bolt.  Ring-bolt. 
Door-bolt. 


Drive- bolt. 

Kye-bolt. 

Fender-bolt. 

Fish-bolt. 

Flour-bolt. 

Flush-bolt. 

Forelock-bolt. 

Foundation-bolt. 

Fox-bolt 

Half-tuming  bolt. 


Riveted  bolt 

Rose-headed  bolt. 

Round-headed  bolt 

Scarf-bolt. 

Screw-bolt 

Set-bolt 

Shackle-bolt. 

Square-headed  bolt. 

Shingle-bolt. 

Tire-bolt. 

Wagon-skein  bolt. 


AmembUng-holt,  one  by  which  the  separate  por- 
tions of  an  object,  made  in  detachable  parts,  are 
secured  together ;  as  the  assembling-bolt  of  a  gun- 
carriage. 

A  barbed  or  Jagged  bolt  has  prongs  projecting  ex- 
teriorly and  backwardly. 
A  bay-holt  is  barbed  to  prevent  retraction. 
A  bringing-to  bolt  has  an  eye  at  one  end,  and  a 
nut  and  screw  at  the  other.    It  is  used  in  keying  up. 
Carriole-bolts  are  of  various 
Fig.  767.  kinds  for  different  parts  of  the 

work. 

a,  oarniaac-bolt. 

b,  /ire-bolt. 
Cf  toagon-skein  bolt. 
A  clinch-holt  is  one  whose 

point  is  turned  over  b)r  ham- 
mering. 

A  ooutUersunk'hMuUd  bolt 
is  one  with  a  conical  head  to 
fill  a  countersink  (8,  Fig.  768 ; 
6,  Fig.  767). 
A   diamond-headed  bolt  is 
BoUs.  one  whose  head  is  shaped  like 

a  rhomb  or  lozenge. 
A  doitble-ended  bolt  (5,  Fig.    768)  is   used   for 
holding  together  three  objepts  independently  of  each 
other.     It  nas  a  thread  and  nut  on  each  end. 

A  drive-bolt  is  a  tool  used  by  shipwrights  and 
other  wood-workers  for  setting  bolts,  etc.,  home  ; 
that  is,  Jixing  them,  or  giving  them  the  last  drive. 
One  used  to  expel  another.  A  drift. 
An  «^-bolt  or  eye-headed  bolt  (6,  Fig.  768)  is 
used  for  securing  a  gland  to  a  stuffing-box,  or  for 
other  purposes,  such  as  to  receive  a  hng,  lever,  or 
rope. 

A  fender-holt  is  one  whose  head  projects  so  as  to 
protect  or  fend  off  objects  from  the  exposed  surface 
which  it  unites  to  another. 

A  fiah-holt  is  one  by  which  a  Jish-bar  is  fastened 
to  a  rail,  as  at  the  meeting-point  of  two  railway 
rails. 

A  ^iM^-bolt  is  one  whose  head  is  let  down  even 
with  the  surface  (3,  Fig.  768). 

A  forelock  bolt  is  one  having  a  slot  in  its  end  for 
receiving  a  key  or  cotter  to  prevent  retraction. 

A  foundation-holt  is  a  long  bolt  holding  a  bed- 
plate down  to  the  masonry  or  heavy  framing  sub- 
structure. 

A  fox-holt  is  one  with  a  split  end  into  which  a 
wedge  is  driven. 
A  half-tuming  boU  is  one  having  a  half-screw 


thread  on  one  side  and  engaging  in  a  similarly 
I  threaded  socket  On  pushing  uie  bolt  in  and  siv- 
j  ing  it  a^half-tum  it  becomes  locked,  and  is  unlocked 
by  a  corresponding  reverse  movement. 

A  holding-down  bolt  ia  similar  to  a  foundation- 
bolt 

A  liook-holt  is  one  with  a  hook-head. 

A  Jagged  bolt  has  barbs  to  the  shank. 

A  ib^-bolt  is  tocured  by  a  cotter  or  wedge  pass- 
ing through  a  slot  in  the  shank.  Such  an  one  is 
used  in  shipbuilding  for  securing  the  false  keeL  A 
forelock  bolt 

A  leioia  bolt  (7,  Fig.  768)  is  used  for  fixing  on  to 
a  block  of  stone  ;  for  this  purpose  a  hole  is  cut  in 
the  stone  large  enough  at  the  top  to  admit  the  thick 
end  of  the  wedge-shaped  bolt,  which  is  barbed  at  the 
ancles  and  run  with  lead. 

The  pointed  bolt  is  a  round  bolt  with  an  end  that 
may  be  clinched. 

A  ro^-bolt  is  one  having  a  jagged  end  to  prevent 
its  being  drawn  out  from  timber,  etc. 

A  n'n^-bolt  is  one  which  has  an  eye  for  receiving 
a  ring. 

A  riveted  bolt  is  one  whose  point  end  is  battered 
and  upset. 

A  ro9e-headed  bolt  is  one  whose  head  forms  part 
of  a  sphere.  The  resemblance  to  the  rose  is  very  re- 
mote (4,  Fig.  768). 

A  round-headed  bolt  has  a  head  cylindrical  or 
formed  as  a  segment  of  a  sphere. 

A  aoarf-holt  is  a  shipbuilder's  bolt  used  for  secur- 
ing the  folse  keel. 

A  acrew-h(At  is  one  havinf^  a  screw-thread  on  the 
whole  or  a  considerable  portion  of  its  length. 

Bolts  of  bronze  were  used  in  ancient  £gypt,  bat 
had  no  thread.  One  in  Dr.  Abbott's  collection  has 
the  square  head  for  turning. 

There  are  many  kinds. 

1  ut  a  screw-hiAt  having  a  sc^uare  head  a»  a  short 
round  shank  6,  washer  c,  and  nut  d;  by  this  screw- 
bolt  the  pieces  eftue  fastened  together. 

Pif .  768. 


Ser«t¥>-BoUs. 


2  shows  a  acrew-htAt  in  which  the  latter  is  tapped 
with  the  object  /,  and  the  portion  e  tightly  fiwtened 
down  thereon  by  the  nut  d. 
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8  haa  a  cowntemmk-head  which  sinks  into  the 
body  of  /  so  as  to  become  flush  with  the  surface  of 
the  latter. 

4  is  a  rownd-headed  bolt  which  has  a  lip  to  pre- 
vent turning  when  the  nut  is  screwed  on  or  off. 

5  is  a  dtmbU-kecuied  bolt  which  has  a  nut  on  each 
end,  and  by  which  two  pieces  e  e  are  secured  to  the 
portion  /,  whose  recess  holds  the  collar  g  of  the  bolt. 

6  shows  two  views  of  an  eye-bolt,  represented  as 
fastenipg  a  glimd  to  a  stuffing-box. 

7  is  a  Uuns-holt  whose  barbed  shank  i  is  sur- 
rounded by  lead  k  poured  into  the  under-cut  mor- 
tise in  the  block  /. 

8  shows  two  views  of  a  T-headed  bolt,  to  fasten 
a  plate  accessible  only  from  one  side. 

A  j0<-bolt  is  one  used  by  shipwrights  in  closing  up 
the  planks. 

A  shackle-holt  is  one  having  an  eye  for  the  inser- 
tion oC  a  clevis,  which  is  held  by  a  pin  and  key. 

The  aquare^headed  bolt  has  a  quadrilatend  head 
•  adapted  to  be  grasped  by  a  wrench. 

Tne  "T-headed  boLt  is  used  to  fasten  against  a  plate 
which  is  only  accessible  from  one  side.  In  this  case 
a  slotted  hole  is  made  in  the  plate,  of  the  size  of  the 
T  head  of  the  bolt,  which  is  uten  passed  through  and 
turned  round  at  right  angles  to  the  hole. 

A  through-holt  is  one  which  goes  through  the 
pieces  which  are  to  be  fastened  together.  Such  are 
clinch-bolts,  and  bolts  secured  by  nut  and  washer. 

A  tire-holt  is  an  oixlinary  nut  and  washer  bolt, 
used  for  securing  tires  to  the  fellies  of  whe^ 
The  nut  and  washer  are  applied  on  the  interior  of  the 
felly,  and  the  head  countersunk  into  the  tire.  See 
6,  Fig.  767. 

A  wagon-skein  bolt  is  a  peculiarly  shaped  bolt 
without  a  nut,  and  is  used  for  fastening  the  skeins  to 
the  spindles  of  wagon-axles.     (See  c,  rig.  767.) 

Rule  for  the  computation  of  tiie  weight  of  bolts  :  — 

Wrought-iron :  square  the  radius  of  the  bolt,  and 
multiply  it  by  10,  the  product  will  give  the  weight 
in  pounds  per  foot. 

Cast-iron :  subtract  from  the  above  result  ff,  or 
.074  of  the  result.  — Horatio  Allen. 

The  following  standard  for  screw-threads,  bolt- 
heads,  and  nuts  has  been  adopted  by  the  United 
American  Railway  Master  Car- Builders'  Associa- 
tion :  —  • 
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The  distance  between  the  parallel  sides  of  a  bolt- 
head  and  a  nut  for  a  rough  bolt  shall  be  equal  to 
one  and  a  half  diameters  of  the  bolt  plus  one  eighth 
of  an  inch. 


The  thickness  of.  the  heads  for  rough  bolts  shall 
be  equal  to  one  half  the  distance  between  their  par* 
allel  sides. 

The  thickness  of  the  nut  shall  be  eoual  to  the 
diameter  of  the  bolt.  The  thickness  of  me  head  for 
a  finished  bolt  shall  be  equal  to  the  thickness  of  the 
nut. 

The  distance  between  the  parallel  sides  of  a  bolt- 
head  and  nut,  and  the  thickness  of  the  nut,  shall  be 
one  sixteenth  of  an  inch  less  for  finished  woik  than 
for  rough. 

2.  (ZoekamithiHg,)  That  portion  of  a  lock  which 
is  protruded  beyond  or  retracted  within  the  case  or 
boxing  by  the  action  of  the  key,  and  which  engages 
with  tne  keeper  or  jamb  to  form  a  fastening. 

The  thick  protruding  portion  is  the  bolt-head,  and 
the  flat  part  within  the  lock  is  the  boU-plcUe, 

8.  (Household  Hardwctre,)  A  movable  bar  pro- 
truded or  retracted  by  hand  to  £uten  or  release  a 
door,  gate,  window-sash,  etc.  It  is  usually  affixed 
to  the  movable  object,  and  is  received  into  a  staple, 
box,  or  perforated  plate  attached  to  the  post,  jaml^  or 
style,  as  the  case  maj  be. 

Bolts  are  distinguished  bv 

Shape ;  as,  square,  round  (e),  flat  {a),  barrel  {e),  etc 

Puipose  ;  as,  shutter,  sash,  etc. 

Construction ;  as,  chain  (c),  spring  mortise  (6), 
necked  (d),  dormant,  catch,  flush,  drop,  etc. 

Or  by  mere  trade-names ;   as,  cottage,  tower,  etc 

Some  of  the  names  are  synonyms. 

Fig  769. 
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4.  {Milling.)  A  sieve  of  very  fine  stuff,  for  sepa- 
rating the  bran  and  coarser  particles  from  flour.  See 
Flotjb-bolt. 

5.  ( Wood-tPorking.)  a.  A  rough  block  from  which 
articles  are  to  be  made  ;  as,  a  bolt  for  riving  into 
shii^les,  spokes,  etc. 

b.  A  number  of  boards  adhering  together  by  the 
stub-shot, 

6.  (Fabric.)    A  piece  or  roll  of  cloth. 

A  bolt  of  canvas  is  about  40  yards  long,  and  the 
stuff  is  from  22  to  80  inches  wide. 

7.  {Naulieal.)  The  iron  rod  beneath  a  yard,  to 
which  a  square  sail  is  attached. 

8.  (Ordnance.)  An  elongated  solid  projectile  for 
rifled  cannon,  as  the  Whitworth  and  Annstrong  guns. 

9.  (Bookbinding.)  The  fold  in  the  fore-edge  and 
head  of  a  folded  wieet. 

Bolt-an'gar.  An  auger  used  by  shipwrights  in 
sinking  holes  for  bolts. 

BoIt-ohls'eL  (AfachiTury.)  A  cold  chisel  for 
cutting  off  the  exlra  length  of  a  bolt.  A  cross-cut 
chisel.     A  deep  chisel  with  a  narrow  edge. 

Bolt-oaf  ter.  (Machinery.)  a.  A  tool  for  cut- 
ting off  bolts.  It  usually  consists  of  a  sleeve  with  a 
radial  cutter  setting  inwardly  and  rotated  around  the 
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bolt  to  be  cut  by  means  of  a  handle.     In  the  exam- 
ple, the  circular  cutter-holder  or  hub  is  supported 


Fig.  770. 


£?i^- 


^^- 


Bolt- Cutter. 

and  partly  inclosed  by  a  thick  ring  with  inwardly 
projecting  flanges  at  the  edges.  Tlie  inner  surface 
of  this  nng  is  divided  into  thre«  sections,  each  of 
equal  eccentricity  to  the  hub,  and  against  which  the 
outer  ends  of  the  cuttera  abut ;  these  are  adjustable 
to  or  from  the  center,  by  rotating  the  hub  in  the 
proper  direction  by  means  of  a  handle  attached 
thereto,  the  extent  of  whose  motion  is  controlled  by 
an  adjustable  stop  formed  by.  a  set  screw  passing 
through  an  arm  projecting  from  the  stanoard  on 
wjiich  the  tool  is  supported. 

b.  A  machine  for  cutting  the  thread  on  bolts.  It 
consists  of  a  framing  A  in  which  the  revolving  man- 
<lrel  -5  works.  This  has  the  dies  at  one  end  C,  which 
areoperated  as  follows. 

When  the  machine  is  started,  the  cone  D  is 
shipped  up  so  that  the  ends  of  the  levels  E,  resting 
on  it,  are  raised.     These  levers  being  fastened,  or 

Fig.  771. 


BnU.  Cutter. 

having  a  fulcrum  on  the  die-plate,  depress  the  dies 
so  that  they  may  engage  with  the  bolt  to  be  cut ; 
this  is  held  between  the  jaws  F^  operated  by  the 
hand-wheel  C.  As  soon  as  the  bolt  is  cut,  the  han- 
dle H,  when  lifted,  disengages  the  dies  from  the 
bolt,  so  that  it  can  be  taken  back  without  running 
on  the  thread, thus  saving  time  and  avoiding  injuiy. 
The  mandrel  B  is  hollow,  and  allows  the  bolt  to  en- 
ter it  while  the  caniage  is  drawn  along  with  the 
guides  /. 

The  bolt-thread  cutter  adapted  to  the  uses  of  the 
machinist  is  known  as  the  stock  and  dies.  Similar 
tools  are  used  by  gas-fitters,  plumbers,  and  steam- 
fitters  in  threading  the  ends  of  the  welded  iron  tubes 
now  so  much  used  in  fitting  houses  with  "all  the 
modem   conveniences."     Some  of   these   tools   are 


made  with  two  shanks  like  tongs,  others  with  a 
stationary  and  a  sliding  jaw  like  a  wrench. 
Bolt-ez-txact'or.    A  tool  or  implement  for  ex- 


tracting bolts  by  a  lifting 
force.  In  the  example,  the 
hydraulic  jack  has  a  foot 
which  has  wedge-shaped  jaws 
sliding  in  inclined  slots  with- 
in a  cavity,  whereby  a  great 
force  may  be  applied  in  an 
advantageous  manner,  the  line 
of  draft  being  directly  in  the 
line  of  the  axis  of  the  bolt. 
The  jaws  have  barbs  to  in- 
crease their  grip  on  the  Iwlt. 
Bolt-feed'er.  {Milling.) 
A  de\ice  for  regulating  the 
rate  of  passage  of  the  meal  to 
the  flour-lK)ll.  In  the  exam- 
ple, the  meal  is  subjected  in 
the  cylindrical  case  to  the 
action  of  the  radial  arms  H 
of  the  rotating  shaft.  This 
shaft  bears  the  saucer-shaped 
disk  F,  which  stops  the  lower 
end  of  the  cylinder.  The 
lower  section  of  the  cylinder 
slides  on  the  upper,  and  reg- 
ulates the  size  of  the  annular 
exit-opening  leading  to  the 
ventilating^  case  containing 
the  fan. 


Fig.  772. 


BoU'Ertraetor. 
'i'rom  this  case  it  passes  to  the  chute  M. 


Fife.  778. 


BoU'Feedn. 

Bolt-head.  (Olass.)  A  long  glass  matrass  or 
receiver  with  a  straight  neck. 

Bolt-bead'er.  {Machinery.)  A  machine  for 
swaging  down  the  end  of  a  bolt-blank  to  fonii  a 
head  ;  the  form  of  this  depends  upon  that  of  the  die. 
In  the  example,  the  swinging  holders  Z  L  cause  the 
cutter  to  produce  a  drawing  cut,  and  are  made  to 
move  simultaneously  with  the  die  towaixi  the  bar, 
when  the  front  end  of  the  blank  is  cut  off.  The 
separated  blank  is  then  held  by  the  holders,  and  its 
rear  end  is  between  the  stationary  die  G  and  the  re- 
ciprocating die  Ef  when  the  punch  /  moves  forward 
and  heads  the  same.  The  holders  and  dies  are  then 
simultaneously  drawn  apart,  and  the  finished  bolt  is 
released.  The  die  Ey  in  the  holder  Z>,  is  recipro- 
cated by  the  cam  or  shaft  C,  and  the  recoil  spring  F  ; 
the  punch  is  actuated  by  the  cam  d  on  the  shaft  B. 
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Fig.  n4. 


Bolt- Heading  Madune. 

Bolt^g-oloth.    {AfUliiig.)     Cloth   of  hair  or 
other  substance  with  meshes  of  various  sizes  for 


sieves. 

Boltlng-ohest  {Milling.) 
case  of  a  flouring- bolt. 

Bolt/ing-hatch.  {MUling.) 
which  flour  or  meal  is  bolted. 

Bolfing-miU.    (MUling.) 

Fig.  776 


The  inclosure  or 

A  tub  or  box  into 

A  machine  in  which 
flour  is  separated 
from  the  offal  of 
various  grades. 
The  meal  from  the 
stones  is  passed 
through  cylin- 
^  drical  sieves  hav- 
ing meshes  of  va- 
rymg  degrees  of 
fineness,  at  dif- 
ferent parts  of  its 
length  or  through 
various  sieves. 
In  the  illustm- 
tion  the  several 
stones  of  the  mill 
are  shown  ;  the 
meal  from  the 
stones  passing 
down  to  the  well 
of  the  elevator, 
which  raises  it  to 
the  upi)er  bolt, 
from  which  it 
passes  down- 
ward to  others  in 
succeasion. 
Bolt-mak'ing 

"^Ma-chlne" 

BoltUtg'MiU .  (Machinery.) 

One  in  which 
bolts  are  threaded  and  headed,  though  this  is 
usually  done  in  separate  machines,  as  the  threading 
is  done  by  cutters  on  the  cold  iron ;  heading  by  swag- 
ing upon  the  end  of  the  hot  blank.  See  Bolt- 
header  ;  Bolt-threader. 

Bolt-rope.  {XaiUical.)    A  rof)e  around  the  mar- 
gin of  a  sail  to  strengthen  it.     It  is 
A  leech-rope,  up  the  sides. 
A  head-rope,  along  the  top. 
X  foot-rope,  at  the  l)ottom. 


Thecri7i^Z«forbend- 
ing-on  the  sail,  and  for 
the  attachment  of  the 
reef-tackle,  are  worked 
in  and  around  the  holt- 
ropes.     See  Sail. 

Bolt-rope  Nee'- 
dle.  {Nautical.)  A 
stroug  needle  for  sew- 
ing a  .sail  to  its  bolt- 
rope. 

Bolt-^aw'ing  Ma- 
chine'. {Wood-icork- 
ing.)  For  sawing  su- 
perfluous wood,  such  as 
comers,  from  stuflf  to 
be  turned.  It  has  an 
ii-on  carriage  with  cen- 
ters between  which  the 
work  is  chucked  while 
being  fed  to  the  circu- 
lar saw.     (Fig.  776.) 


Fig.  776 


>  ^    ■  '^it::^ 


BoU-iyitnming  Machine. 

Bolt-Bcrev<r'ing  Ma-chine'.  A  machine  for 
cutting  screw-threads  on  bolts,  by  fixing  the  bolt- 
head  to  a  revolving  chuck,  and  causing  the  end  which 
it  is  required  to  screw  to  enter  a  set  of  dies,  which 
advance  as  the  bolt  revolves.     A  boU-thrcader. 

Bolt-eprlt.  {Nautical.)  Another,  now  disused, 
name  for  Bowsprit  (which  see). 

Bolt-^trake.  {Shipbuilding.)  That  strake  or 
wale  through  which  the  beam-fastenings  pass. 

Bolt-thread'er.  (Machinery.)  A  machine  for 
cutting  screw-threads  on  bolts.  In  that  shown  in 
Fig.  777,  the  head  E,  containing  the  cuttors  C,  sur- 

Flg.  777. 
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rounds  the  hollow  mandrel  B,  and  is  reciprocated  by 
meant  of  the  lever  F,  moving  along  the  eradoated 
arc  M,  As  the  head  E  is  advanced,  the  nxed  bolt 
enters  the  bore  of  the  mandrel,  and  is  threaded  by 
the  cutters  0.  The  cutter-head  may  be  rotated  by 
hand  or  otherwise. 

In  Fig.  778,  the  bolt-head  enters  a  rectangular 
jecess  in  the  longitudinally  sliding  stock.  The  dies 
are  secured  to  jaws  C  C  pivoted  to  the  tubular  spin- 
dle B  of  the  head-stock.  The  forward  ends  of  the 
jaws  are  brought  together  by  tocEgle-levers  at  their 
rear  ends.  The  toggle-levers  DDta%  pivoted  to  a 
circumferentially  grooved  collar  E,  turning  with  the 
mandrel  A,  but  slid  thereon  by  a  hand-lever  O, 

Fig.  77a 


Fig.  780. 


Fig.  781. 


BaU-Tknader. 

Bomb.  (Ordnaiice.)  A  spherical  hollow  shot, 
fired  from  a  mortar  or  JiowUxer,  and  filled  with  ex- 
plosive material  which  is  lighted  by  a  time  or  per- 
etuaion  fuse. 

Bombs  were  used  at  the  siege  of  Naples  in  1484. 
Mortars  for  bombs  were  cast  at  Buckstead,  England, 
1548.     See  Shell. 

Bom^bard.  (Orchuince.)  An  ancient  mortar  of 
large  bore,  used  to  throw  stone  shot. 

Bom'bar-da  (Mtuic.)  A  wind-instrument  like 
a  bassoon,  and  used  as  a  base  for  the  oboe. 

Boml>a-zine.  (Fabric.)  A  mixed  silk  and 
woolen  twilled  stun.  The  warp  is  silk  and  the 
weft  worsted. 

Bomb-ohest.  A  box  filled  with  explosive  pro- 
jectiles or  materials,  and  buried  in  the  earth,  in 
military  mining. 

Bomb-ketoh.  (Vessels.)  A  small, strongly  built 
vessel,  ketch-rigged,  on  which  one  or  more  mortars 
are  mounted  for  naval  bombardments. 

Mortar- vessels  are  said  to  have  been  invented  by 
Reyneau,  and  to  have  been  first  used  at  the  siege  of 
Algiers  in  1682. 

somb-lanoe.  A  harpoon  which  carries  a  charge 
of  explosive  material  in  its  head.  In  the  example, 
the  head  is  charged  with  powder,  and  when  the  nar- 

Plg.  779. 
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Bamh-JjBtnce. 

poon  penetrates  the  fish,  the  bar  which  is  pivoted 
obliquely  in  the  head  serves  to  release  the  spring- 
actuated  hammer,  which  explodes  the  cap  and  oursts 
the  chaige-chamber. 

A  form  of  bomb-lance  which  has  been  very  success- 
ful is  shown  in  Fig.  780.  It  is  a  cast-iron  tube  about 
12  inches  long  and  1  inch  diameter,  carrying  in  a 
charge-chamMr  100  grains  of  gunpowder.  It  is  fired 
from  a  gun,  and  the  match  is  lighted  in  the  act  of 
firing^.  Prongs  fly  out  from  the  tube  to  prevent  re- 
traction of  the  missile. 


Httrpoon'BaUf  or  Bomb-Lanet. 


Bombol0. 


=^  Bom'bo-lo.  (Glass.)  A  spheroidal  re- 
tort in  which  camphor  is  sublimed.  It  is 
made  of  thin  flint-glass,  weighs  about  one 

Sound,  and  is  12  inches  in  diameter.  It  is 
eated  in  a  sand-bath  to  250°  Fah.,  which 
is  gradually  increased  to  400".  For  the  de- 
tails of  the  operation^  see  Uke  ;  Camphor. 
Bomb-prool  (Fortification.)  A  struc- 
ture in  a  fortification  which  is  so  covered 
with  earth  as  to  be  secure  from  the  penetra- 
tion of  cannon-balls  by  the  ordinary  or 
plunging  fire.  It  may  be  a  structure  of 
stone,  brick,  or  wood,  but  must  have  strength 
to  bear  a  heavy  load  of  earth,  which  converts  it  into 

Fig.  7854 


a  mound  in.  which  shot  are  buried  without  penetrat- 
ing to  the  interior. 

Bomb  when.  A  spherical  or  cylindrical  case  of 
iron  loaded  with  powder,  and  burst  by  its  charge  on 
concussion  or  after  an  interval  of  time.  See  Shell.  , 
Bo-na-ven'tnre-mis'aen.  An  additional  or 
second  mizzen-mast,  formerly  used  in  some  laige 
ships. 

Bond.  That  part  or  thofie  parts  of  a  built  struc- 
ture which  tie  the  other  portions  together. 

1.  (Masimry,)  A  stone  or  brick  which  is  laid 
with  its  length  across 
a  wall,  or  extends 
through  the  facing 
course  into  that  be- 
hind, so  as  to  bind  the 
facing  to  the  backing. 
Also  Known  as  6iJta- 
ers;  bond-sUmes;  bind- 
ing-stones; through-stones  ;  perpend-stones^  header. 

Perpend  signifies  that  a  heading-stone  passes 
through  the  whole  thickness  of  a  wall. 

Binder^  that  it  extends  a  part  of  the  distance 
across. 

Heart-bond,  in  stone- walling.  In  this  there  are 
no  nerpend-stones,  but  two  headers  meet  in  the 
midole  of  the  wall,  and  the  joint  between  them  •  is 
covered  by  another  header. 

Chain-bond  is  the  building  into  the  masonry  of 
an  iron  chain  or  bar,  or  heavy  scantling. 
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OrotS'bond,    A  block-bond  in  which  the  joints  of 
the  second  stretcher-conrse 
fig.  788.  come  in  the  middle  of  the 

first ;  a  course  of  header 
and  stretcher  intervening. 
See  e,  Fig.  788. 

Block  aiid  cross  bond.  The 
eztrados  of  the  wall  is  put 
up  in  cross-bond  ;  the  intra- 
dos  in  block-bond, 

2.  (Bricklaying.)  ApMir- 
ticular  mode  of  disposing 
bricks  in  a  wall  so  as  to 
tie  and  break  joint. 

The  English  bond  (a)  has 
courses  of  headers  alternat- 
ing with  courses  of  stretch- 
ers. 

In  the  Flemish  bond  (b) 
each  course  has  stretchers 
and  headers  alternately. 
Af  header. 
B,  stretcher. 
WaO-Bonds.  C,  bond  of  hoop-iron. 

D,  tiraber-bono. 
8.  (Roofing.)  The  distance  which  the  tail  of  a 
shmgle  or  slate  overlaps  the  head  of  the  second  course 
bebw.  A  slate  27  inches  long,  and  having  a  margin 
of  12  inches  gage  exposed  to  the  weather,  will  have 
3  inches  bond,  or  lap.  The  excess  over  twice  the  gage 
is  the  bond, 

i.  (Oarpentru.)    Tie-timbers  placed  in  the  walls  of 

a  building  ;  as  bond-timbers,  lintels,  and  wall-plates. 

Bond-pa'per.   A  thin,  uncalendered  paper  made 

of  superior  stock,  and  used  for  printing  bonds  and 

simOar  evidences  of  value. 

Bond-atone.  (Masonry.)  A  stretcher  used  in  un- 
ooursed  rubble-work ;  if  inserted  the  whole  thickness 
of  the  masonry,  itiscalleda;i>er/M7u2or  perpend-stone. 
Bond-tlni'ber.  (Bricklaying.)  One  put  lenfi^h- 
wise  into  a  wall  to  bind  the  brickwork  together, 
and  distribute  the  pressure  of  the  superincumbent 
weight  more  equally.  It  also  affords  hold  for  the 
battens,  which  serve  as  a  foundation  for  interior  fin- 
ishing. 

Bone.    1.  (Surveyim.)    To  sight  along  an  object 
or  set  of  objects  to  see  if  it  or  they  be  level  or  in  Ime. 
2.  Physiologically  speaking,  the  material  of  the 
skeleton  or  framework  of  the  body. 

Chemically  considered,  a  compound  of  animal 
and  earthy  matters,  the  latter  giving  rigidity  to  the 
cellular  tissue. 

Mechanicallv  considered,  the  uses  of  bone  are  for 
turning,  inlaying,  handles  of  knives  and  tools,  bil- 
liard balls,  scales,  etc.  The  term  includes  the  ordinary 
bones  of  the  body,  and  also  the  tusks  and  teeth  of 
the  elephant,  hippopotamus,  walrus,  and  whale. 

Bone  is  also,  wlien  deprived  of  its  animal  matters 
by  distillation,  used  as  a  defecating,  bleaching,  and 
filtering  material  in  the  treatment  of  sirups  and  dis- 
tilled liquors,  and  in  the  purification  of  water. 
Bone-black  is  also  used  as  a  pigment  in  making  prin- 
ter's ink. 

Bone,  while  yet  fresh,  is  used  by  pastry-cooks  to 
prepare  a  clear  and  rigid  jelly. 

Bone  is  used  by  steel- workers  as  a  carbon  in  the 
hardening  of  steel. 

Whalebone  (so  called)  is  not  a  bone,  but  partAkes 
of  the  nature  of  horn.     See  Balben. 

Bone  is  used  by  husbandmen  as  a  manure. 
,  Bones  blanched  in  an  open  fire,  removing  the  car- 
bon, yield  a  powder  which  is  used  in  making  the 
cupels  of  the  assayer,  in  making  phosphorus,  and  as 
a  polishing  material. 


Bone-black.  Produced  by  calcining  the  bones 
or  ivory  of  animals  in  close  vessels.  This  process 
leaves  the  animal  charcoal,  consisting  of  the  earthy 
and  saline  portions  of  the  bone,  combined  with  car- 
bon,  while  the  volatile  matters  are  distilled  over. 
Among  these  products  is  a  peculiar  oil,  which  is 
burned  in  lamps  in  close  chambers  ;  the  soot  which 
accumulates  on  the  sides  is  collected,  and  forms  the 
pigment  known  as  bone-black  or  ivory-black,  accord- 
ing to  quality. 

Bone-blAok  Clean'lni^p'pa-ra^tiie.  A  de- 
vice for  purifying,  screening,  and  cooling  bone-black 
after  treatment  in  the  revivifying  retort.  In  Han- 
ford's  apparatus  the  hot  bone-black  from  the  furnace 

fig.  784. 
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is  received  in  a  hopper  E^  driven  by  force  of  air  firom 
the  pump  A  through  the  pipe  Z>,  is  received  in  a 
closed  chest  /,  having  an  inverted  conical  perforated 
deflector  L,  which  directs  the  laiger  masses  down- 
ward, where  they  are  discharged  by  the  slanting 
floor  and  opening  K,  The  smaller  particles  and  dust 
are  carried  by  the  blast  of  air  through  the  openings 
in  the  conical  screen  X,  the  second  screen  0,  and  the 
pipe  P,  to  the  next  chamber  Q.  A  jet  of  steam  is 
Injected  into  the  pipe  P,  so  as  to  damp  the  dust  in 
passing  and  assist  in  its  deposition. 

Bone-blaok  CooPer.  An  apparatus  for  cooling 
animal  charcoal  after  its  removal  from  the  furnace. 

The  hot,  rebumt  coal  is  poured  into  hoppers, 
passed  through  an  annular  opening,  and  then  through 
pipes  into  a  car.    The  plat^  against  which  it  passes 

Pig.  786. 
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are  kept  cool  by  a  current  of  cold  air  through  a  sor- 
rounding  channel.  The  tops  of  the  i)lates  may  be 
arranged  so  as  to  form  a  railroad-car  track,  over 
which  trucks  containing  the  hot  coal  may  travel. 

Bone-black  Fur'naoe.  No  material  equal  to 
bone-black  has  yet  been  discovered  for  decolorizing 
and  purifying  saccharine  solutions.  After  a  certain 
quantity  of  sirup  has  been  filtered  through  it,  it  is 
necessary  to  revive  it  by  removing  the  gum,  sugar, 
and  other  vegetable  extract  that  has  filled  its  pores 
and  deprived  it  of  its  useful  qualities.  Some  of 
these  mattei-s,  such  as  gluten,  are  not  soluble  in  wa- 
ter until  after  fermentation,  or  an  equivalent  chem- 
ical treatment.  The  practice  has  been  to  suffer  the 
bone-black  to  ferment  in  a  heap,  to  decompose  the 
organic  matter,  after  which  it  is  washed,  dried,  and 
recalcined,  acquiring  again  its  iVill  decolorizing  (low- 
ei-s,  but  having  lost  a  portion,  due  to  the  crumbling 
in  the  various  processes  through  which  it  is  passed. 
This  is  calculated  by  Fleischman  to  be  from  12  to  15 
per  cent  per  annum  ;  by  an  English  author,  to  be  6 
per  cent  on  each  turning  ;  and  by  a  writer  in  Har- 
per, who  has  studied  the  economy  of  the  Cuban  sys- 
tems, at  10  per  cent  for  each  use,  which  is  probably 
an  extreme  calculation.  Much  depends  upon  the 
system  adopted  in  its  revivification.  This  is  done 
in  several  ways  :  — 

1.  Calcination  in  iron  pots. 

2.  Calcination  in  retorts  ;  horizontal  or  vertical. 

3.  Purging  by  highly  heated  steam. 

4.  Roasting  in  o^>eu  revolving-cylinders. 

5.  Washing  in  dilute  hydrochloric  acid. 

6.  Washing  in  a  dilute  lye  of  ]x>tash  or  soda. 
Fig.  786  shows  one  form  of  furnace  for  revivifying 

bone-black,  in  which  the  bone-black  Z>,  chaived  witn 
impurities,  is  deposited  in  the  hopper  C,  where  the 
withdrawal  of  slides  E  permits  it  to  fall  into  the  tubes 
A  J  J  which  are  exposed  to  the  heat  from  the  funiaoe- 
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grate  H  until  the  impurities  are  discharged,  when, 
by  withdrawing  the  slides  F  F  on  the  bottom -plates 
B  B,  it  passes  into  the  tubes  a  ah  h^  and  is  received 
into  the  vessels  c  c.  K  ICtLve  flues  for  conducting 
off  the  products  of  combustion  and  partially  drying 
the  blacK  before  it  is  admitted  to  the  tubes  A  A. 

Bone-blaok  KilxL  A  chamber  or  retort  mounted 
in  a  furnace  for  re-burning  bone-black  to  remove  im- 
purities with  which  it  has  become  saturated  or  impreg- 
nated during  its  use  as  a  defecator  and  filtering-mate- 
rial.   Eastwick's  bone-black  kiln  has  a  retort  in  three 
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lengths,  each  supported 
separately,  so  as  to  pre- 
vent the  weight  of  the 
whole  column  from  bend- 
ing the  lower  section  when 
heated  to  redness.  The 
upper  section  is  the  re- 
ceiving ;  the  middle  sec- 
tion has  thegreatest  heat ; 
the  lower  section  is  not 
immediately  affected  by 
the  tiiv,  and  fonns  the 
cooler.  At  the  foot  of 
the  latter  is  a  draw- 
damper  for  discharge. 

Bone  -  el '  -e-va '  tor. 
{SurgiccLl.)  A  lever  for 
raising  a  depressed  por- 
tion of  bone,  as  a  part 
of  the  cranium,  for  in- 
stance. 

The  boys*  "sucker," a 
wet  disk  of  leather  applied 
to  the  part  and  then  raised 
by  a  string  in  the  center, 
has  been  suggested  for 
raising  depressed  por- 
tions of  fractured  skulls. 
Ewbank  humorously 
suggests  that  it  nnght 
be  used  to  cause  a  de- 
velopment of  the  finer 

organs  of  the  brain  by  application  over  those  phren- 
ological regions  deserving  of  encouragement.  In 
this,  however,  Nicodemus  Easy  was  considerably 
ahead  of  Mr.  Ewbank,  for  the  old  gentleman  had  a 
complex  machine  where  suction  and  pressure  had 
each  its  part  to  play  in  raising  the  finer  sentiments 
and  depressing  the  baser  organs.  See  Marryat's 
"  Midsnipman  Easy." 

Bone-milL    A  machine  for  grinding  bones  for 
fertilizer  or  for  making  bone-black. 

Bone-grinding  is  effected  by  passing  the  bones 
through  a  series  of  toothed  rollers  arranged  in  paii^ 
the  rollers  be- 
ing toothed  or  P*K-  "88. 
serrated  in  dif- 
ferent degrees 
of  fineness,  and 
riddles  are  jiro- 
vided  for  sift- 
ing the  bones 
into  sizes,  and 
they  are  then 
sold  as  inch, 
three-quarters, 
half-inch,  and 
dust. 

The  mill 
shown  in  Fig.  fl 
788  is  made  of 
iron,  and  is 
bolted  to  a 
foundation. 
Bones  placi'd 
in  the  hopper 
fall  throiigh 
the  ehut<",  and 
are  broken  by 
a  crusher  at  its 
bottom.   They 

thence  pass  be-  Bon^wa. 

tween    a    sta- 
tionary grinding-plate  and  a  revolving  grinding- 
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plate  B  Cy  turiK^d  by  the  ax  id  ami  pulley  E^  faced 
"with  hollowing  diamond-shuped  projections  arranged 
in  lines  radiating  fix)in  the  center.  Whilie  these  are 
dalled  at  one  edge  by  constantly  turning  the  mill  in 
one  direction,  they  are  sharpened  at  the  other,  and 
the  motion  of  the  mill  is  reversed,  bringing  the  lat- 
ter into  action.  The  plate  B  G  \&  adjusted  to  grind 
to  any  degree  of  fineness,  by  means  of  the  screw- 
wheel  and  hand-lever  shown  at  A. 

An  English  bone-mill  has  a  pair  of  rollers  with 
circular,  square-edged  grooves,  like  those  of  a  rolling- 
mill,  the  salient  faces  of  the  teeth  being  senuted  and 
meshing  with  those  of  the  op|>osite  roll.  The  plumber- 
block  of  one  roll  is  adjustable,  so  as  to  vary  the  dis- 
tance between  the  rolls  for  large  or  small  bones. 

The  machine  is  driven  by  two  horses  attached  to 
the  sweeps,  and  the  bones  arc  j^wsstrd  through  several 

Vlg.  789. 


times,  the  rolls  being  s"t  up  a  little  each  time  by 
means  of  set  screws.  The  bonoi*,  after  passing  be- 
tween the  rolls,  are  conducted  by  the  hopper  a  into 
a  revolving  screen  6,  which  is  driven  by  a  bevel - 
wheel  working  into  a  pinion  on  the  screw-shaft. 

"  Hadrian  (whose  lx>nes  may  they  be  ground  and 
his  name  blotted  out  !)  [he  had  i-ebuilt  Jerusalem 
under  the  name  ^Elia  Capitolina,  dedicated  it  to  Ju- 
piter, and  forbade  a  Jew  to  enter  the  city  under  pain 
of  death]  asked  Rabbi  Joshua  Ben  Hannaiah,  '  How 
doth  a  man  revive  again  in  the  world  to  come  ?  *  He 
answered  and  said,  '  From  Zitr,  in  the  backbone.* 
Saith  he  to  him ,  *  Demonstrate  this  to  me.  *  Then  he 
took  LxiZy  a  little  bone  out  of  the  backbone,  and  put 
it  in  water,  and  it  was  not  steeped  ;  he  put  it  into 
firt%  and  it  was  not  burnt ;  he  brought  it  to  the  mill, 
and  that  could  not  ^*ind  it ;  he  laid  it  on  the  anvil 
and  knocked  it  with  a  hammer,  but  the  anvil  was 
cleft  and  the  hammer  broken." 

Bones.  (Music.)  A  musical  insti-ument,  if  it 
may  be  so  called,  by  which  the  rhythmical  beat  of  a 
tune  is  maintained  in  the  manner  of  castanets.  The 
name  is  derived  from  the  material  originally  used. 
A  pair  of  bones  or  small  womlen  maces  is  held 
in  the  hand  and  separated  by  a  finger,  so  that  the 
protniding  ends  may  tap  against  each  other,  and  give 
a  sharp  snapning  sound.  The  raps  are  governed  by 
the  play  of  tne  hand. 

The  bones  are  the  usual  accompaniment  of  the  sa- 
ble hannonists,  and  the  instrument  is  jwpularly 
supposed  to  be  of  negro  origin.  It  is  a  legitimate 
African  tinkler,  having  been  used  in  ancient  Egypt 
as  far  back  as  the  prosperous  Theban  era.  Round- 
headed  pegs  (crotcua)  were  held  between  the  fingers 
of  the  dancers  in  the  festivities  of  Herculaneum,  and 
used  after  the  manner  of  the  modem  bones  by  rat- 
tling in  the  hand.  The  maces  of  the  ancient  Egyp- 
tians were  metallic  and  sonorous  ;  those  of  the  Jap- 
anese are  of  wood.  The  effect  desired  is  or  was 
substantially  the  same  in  the  cases  cited.  A  sharp 
snap  to  beat  the  measure,  audible  above  the  hum  of 
the  f)eople,  the  rub-a-dub  of  the  little  drums,  the 


clapping  of  hands,  the  twanging  of  the  stringed  and 
whistling  of  the  wind  instruments.  Castanets,  maces, 
sonnettes,  cyinbalSy  are  different  forms  of  striking  in- 
struments.    See  C'-vsTANETs  ;  Drum. 

Bon-graoe.  {Nautical.)  A  bow-grace  or  junk- 
fender. 

Bonding.  (Surveying.)  The  operation  of  level- 
ing by  means  of  the  eye. 

Bon'ingHBtiok.  (BuiLdimj.)  A  stick  with  a 
head  like  the  letter  T,  to  indicate  a  level  for  work 
or  construction.  A  number  of  such  sticks  over  a  site 
indicate  a  certain  level  for  the  tops  of  base  pieces  or 
foundation-blocks. 

Boning,  in  carjjentry  or  masonry,  is  perfonned  by 
placing  two  straight  edg»^s  on  an  object  and  sighting 
on  their  upper  edges  to  see  if  they  range.  If  they 
do  not,  the  surface  is  said  to  be  in  toind. 

Bon'net  1.  (IVear.)  A  lady's  head-gear,  hav- 
ing a  crown  and  a  curved  brim  displayed  upward 
and  forward. 

2.  (Fort.)  A  portion  of  a  parapet  elevated  to  a 
traverse  to  intercept  enfilade  fire. 

3.  (Machinery.)  a.  A  cast-iron  plate  covering 
the  openings  in  the  valve-chamber  of  a  pump,  and 
removable  lor  the  examination  and  repair  of  the  valve 
'and  seat. 

b.  A  metallic  canopy  or  projection,  as  of  a  fireplace 
or  chimney.  A  cowl  or  wind-cap.  A  hood  for  ven- 
tilation, or  the  smoke-pipe  on  a  railway-car  roof. 

c.  The  dome-shaped  vnre  spark -an'esting  cover  of 
a  locomotive  chimney. 

4.  A  sliding  lid  for  a  hole  in  an  iron  pipe. 

5.  (Nautical.)  An  additional  piece  of  sail  added 
by  lacings  to  the  foot  of  a  jib,  or  a  schooner's  fore- 
sail.    It  is  used  during  light  winds. 

Bon'net  de  Prdtra  (Fortification.)  Called 
also  priest's  cap  or  swallow-tail.  A  dmible  redan. 
See  Rep  AN. 

Bon'net-Bhap'ing  Ma-chine'.  A  machine  in 
which  a  partially  shaped  bonnet  is  pressed  down 
upon  a  forming-block,  to  give  it  a  set  shape.  One 
die  has  the  exterior,  the  other  the  interior  shape  ; 
one  is  usually  heated  so  as  to  dry  the  bonnet  and 
make  it  rigid  in  its  acquired  form.  The  process  and 
machine  are  similar  to  the  hat-forming  machine,  the 
difference  being  principally  in  the  shai)e  of  the  arti- 
cle.    See  Hat-foumino  M.\chine. 

Fig.  790. 
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Boii'n«t-proMi'lng  Ma-ohine^;  A  machine  by 
which  bonnets  while  on  the  forminff-block  are  pi-e- 
sented  to  the  flat  or  presser.  In  the  example,  the 
bonnet  is  placfMl  crown  upward  upon  the  former  IF, 
which  has  a  rocking  adjustment  by  the  ratchet  S 
^upon  a  frame  C,  whose  pedestal  is  planted  on  the 
slide  B,  which  has  a  traversing  motion  to  bring  the 
former  and  the  bonnet  beneath  the  presser  N  on 
the  end  of  the  horizontal  arm  M,  This  has  a  pres- 
sure, by  means  of  springs,  on  the  stem,  while  the 
former  is  rotated  beneath  the  pressing -iron  by  means 
of  the  hand-crank  and  bevel-gearing. 

Bon'ney.    (Mining.)    An  isolated  bed  of  ore. 

Bon'ten.    (Fabric.)    A  narrow  woolen  stuff. 

BooHby-hatoh.  (Nautical.)  The  covering  of  the 
scuttle-way  or  small  hatchway  which  leads  to  the 
forecastle  ov  fore-peak  of  small  sailing-vessels. 

Bocyby-hut  (Vehicle.)  A  sleigh  with  a  hooded 
cover. 

BooHsy-hutolL  (Vehicle.)  A  roughly  built 
covered  carriage,  used  in  some  parts  of  England. 

Book.  1.  A  number  of  sheets  of  paper  bound 
together  on  edge,  known  as  the  binding-eage. 

Anciently,  books  consisted  of  a  continuous  roll 
formed  by  pasting  or  glueing  sheets  of  parchment  or 
papyrus  together.  They  were,  usually  furnished 
with  cases  into  which  they  were  placed  for  preserva- 
tion when  not  in  use.    See  Paper. 

Before  the  discovery  of  papyrus  —  which,  how- 
ever, was  at  a  very  distant  period  —  inscriptions 
were  made  on  boards,  inner  bark  of  trees,  afterwards 
on  skins.  Books  with  a  back  and  leaves  of  vellum 
were  made  by  Attalus,  King  of  Peigamus,  about  198 
B.  c.    See  Parchment. 

The  manuscript  rolls  in  Herculaneum  consist  of 
V  papyrus,  which  is  charred  and  matted  together  by 
the  fire.  The  rolls  are  nine  inches  lon^,  and  vary  in 
diameter  ;  each  forms  a  separate  treatise.  The  first 
printed  Ixraks  were  printedl  on  one  side  only,  andtiie 
pages  pasted  together  at  the  backs. 

rliny  says  that  the  Parthians  write  upon  cloths, 
livy  speaks  of  books  of  linen  inscribea  with  the 
names  of  magistrates  and  the  history  of  the  Roman 
Commonwealth,  and  preserved  in  the  temple  of  the 
Goddess  Moneta. 

Aristotle  is  said  to  have  been  the  first  to  collect  a 
library  with  a  general  assortment  of  books.  (Strabo.  ) 
Pisistratus  of  Athens  and  Polycrates  of  Samos  had 
libraries,  supposed  to  have  been  principally  poetical 
works. 

The  public  library  of  Pisistratus  was  removed  to 
Persia  by  Xerxes. 

The  library  of  Alexander  was  kept  in  two  precincts 
of  the  city,  the  Brucheion  and  tne  Serapeum.  It 
contained  from  400,000  to  700,000  books.  Authori- 
ties (Gellius,  Joaephus,  and  Seneca)  differ.  Ptole- 
mies Soter,  Philadelphus,  and  Euergetes  were  its  pa- 
trons. PhUadelphus  added  the  famous  library  of  Aris- 
totle to  the  collection.  It  was  much  imured  by  fire 
in  the  si^  of  Julius  Caesar.  Antony  added  to  it  the 
library  ofPergamus,  collected  by  Eumeues.  It  was 
afterward  injured  by  Theodosius,  and  destroyed  by 
the  Arabs,  a.  d.  640. 

The  first  public  library  of  Rome  was  founded  by 
Asinius  PolUo,  on  Mt.  Aventine.  This  was  followed 
by  the  libraries  of  Augustus,  Octavia,  and  Tiberius. 
Tne  Ulpian  library  of  Tngan  was  attached  by  Dio- 
cletian to  his  therms. 

A  furnished  library  was  discovered  in  Herculaneum. 
Round  the  wall  it  nad  numbered  cases  containing 
the  rolls. 

It  is  recorded  that  Plato  bought  three  works  of 
Philolaus,  the  Pythagorean,  for  ten  thousand  denarii, 
nearly  $  1500.  Aristotle  bought  a  few  books  of  Spen- 


cippns  for  three  Attic  talents,  nearly  $2800.  Jer- 
ome, A.  D.  420,  states  that  he  ruined  himself  by  buy- 
ing a  copy  of  the  works  of  Otigen.  Alfred  the  Great 
gave  an  estate  for  one  on  cosmography,  a.  d.  872. 

The  book  of  St.  Cuthbert,  the  earliest  ornamen- 
tal book,  is  supposed  to  have  been  bound  about  A.  D. 
650.  A  Latin  Psalter  in  oak  boards  was  bound  in 
the  ninth  century. 

In  more  modem  times,  Machlin's  Bible,  ornamented 
by  Tomkins,  was  valued  at  £  525.  A  superb  copy  of 
the  Bible  was  printed  and  collected  by  Mr.  Parker, 
of  Golden  Square,  London,  in  about  54  laige  folio 
volumes,  with  7,000  illustrations  in  the  text  and 
mounted,  and  containing  original  drawings  by  Louth- 
erbourg  and  others,  was  insured  in  a  London  oflice 
for  jesOOO.  It  was  raffled  off  at  £  5000  ;  100  sub- 
scribers at  £  50  each.  Two  wagon-loads  of  a  book 
at  $25,000. 

A  standard  dictionary  of  the  Chinese  language, 
containing  40,000  characters,  was  made  by  Pa-out- 
she about  1100  B.  c.  (Morrison.)  The  Onomastikon, 
a  Greek  dictionary  of  Julius  PoUox,  was  written 
about  120  B.  G. 

Sze-ma-tseen,  the  Chinese  Herodotus,  wrote  in  the 
second  century  b.  c.  The  dictionary  Si-wun  was 
compiled  about  148  B.  c. 

The  jSpanish  Saracens  compiled  dictionaries,  lexi- 
cons, encyclopedias,  and  phamiacopceias.  The  His- 
torical Dictionary  of  Sciences  of  Monammed  Ibu  Ab- 
dallah,  of  Granada,  is  a  notable  instance.  Avicenna 
also  wrote  a  laige  number  of  works,  among  them  an 
Encyclopedia  of  Human  Knowledge,  in  twenty  vol- 
umes. 

A  manuscript  copv  of  the  Evangelists,  the  book 
on  which  the  English  kings,  from  Henry  I.  to  Ed- 
ward VI.,  took  their  coronation  oath,  was  bound  in 
oak  boards,  nearly  an  inch  thick,  in  1100. 

Velvet  was  the  covering  in  the  fourteenth  century. 
Silk  soon  after.  Vellum  in  the  fifteenth.  It  was 
stamped  and  ornamented  about  1510.  Leather  came 
in  use  about  the  latter  date.  Cloth  bindine  super- 
seded the  common  paper-covered  mill-boards  about 
1831 .  Caoutchouc  backs  to  account  and  other  heavy 
books  were  introduced  in  1841.  The  rolling  machine 
of  William  Burr  < England)  was  substituted  for  the 
beating-hammer  about  1830.    See  Bookbinding. 

2.  (Gilding.)  A  package  of  gold-leaf,  consisting 
of  25  leaves,  each  3^  x  8  inches  square  ;  they  are 
inserted  between  leaves  of  soft  paper  rubbed  with 
red  chalk,  to  prevent  adherence. 

Book-back  Ronnd'te.  1.  (Bookbinding.)  A 
machine  which  acts  as  a  substitute  for  the  ham- 
mer in  rounding  the  back  of  the  book  after  cutting 
the  edge  and  ends.  It  is  usually  performed  upon 
the  book  before  the  cover  is  put  on. 

In  one  form  of  machine,  the  book  is  run  between 
rollers,  being  pressed  forward  by  a  rounded  strip 
which  rests  against  the  front  edge  and  determines 
the  form  thereof. 

In  another  form,  the  book  is  clamped  and  a  roller 
passed  over  the  back  under  ^;reat  pressure. 

Another  form  of  machine  is  for  molding  the  back- 
covers  of  books  to  a  ffiven  curvature,  by  pressing 
between  a  heated  cylinder  of  a  giVen  radius  and  a 
bed-plate  whose  curvature  corresponds  to  the  presser. 

Book-bind'er.  A  contrivance  of  the  nature  of 
a  temporary  cover,  for  holding  together  a  bunch  of 
newspapers,  pamphlets,  or  similar  articles.  There 
are  many  forms  of  the  device. 

Book-bind'er'8  Tools,  eta  See  under  the  fol- 
lowing heads :  — 


Album. 
Ail-along. 


Arming-press^ 
Backing-board. 
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Back-tools. 

Band. 

Band-driver. 

Bead. 

Beveling-machine. 

Binding. 

Bleedinff. 

Blind-blocking. 

Blind-tooling. 

Blocking. 

Blocking-press. 

Board. 

Book  (gold-leaf). 

Book-back  rounder. 

Bookbinder. 

Book-clamp. 

Book-folding  machine. 

Book-sewing  machine. 

Boss. 

Case. 

Case-work. 

Comer. 

Covering. 

Creaser. 

Cropped. 

Ontting-press. 

DenteUe. 

Edge-bolt 

Edge-cutting. 

Edging.  • 

Fillet. 

Finishin^-presa 

Flexible  binding. 

Folding. 

Foldinff-machine. 

Fore-edge. 

Forcl. 

Forwarding. 

Fonndation-plate. 

Full-bound. 

Gather. 

Gilding-tool. 

Glaire. 

Glueing-machine. 

Glueing-press. 

Gouge. 

Grater. 

Guards. 

Half-binding. 

Hand-letter. 

Head. 


Head-band. 

lurboards. 

Inside-tin. 

Interleave. 

Joint. 

Kettle-stitch. 

Knocking. 

Lacing 

Law-binding. 

Layin^-on  tool.   . 

Lettering-box. 

Lettering-tool. 

Marble-edge. 

Marbling. 

Mill-board. 

Mitered. 

Overcasting. 

Pallet. 

Panel. 

Pawl-press. 

Plow. 

Pocket-book. 

Point. 

Polishing-iron. 

Polishing-tin. 

Porte-monnaie. 

Portfolio. 

Press-keys. 

Roll. 

Rolling. 

Rolling-press. 

Rounmng. 

Run-up. 

Scratcher-up. 

Screw-press. 

Sewing. 

Sewing-table. 

Shaving-tub. 

Signature. 

SUp. 

Square. 

Stabbing  niarbiae. 

Stamp. 

Steamboating. 

Stitching. 

Stove,  £>okbinder'e 

Tip. 

Tooling. 

Tools. 

Tumin^-up. 

Whipping. 


Book-bind'ing.  The  art  of  attaching  together 
and  covering  the  ^eets  composing  a  book. 

The  earliest  known  forms  of  bookbinding,  if  the 
term  be  held  to  include  all  modes  of  attaching  sheets 
together,  is  perhaps  the  Egyptian,  which  consisted 
in  pasting  or  glueing  the  sheets  together  and  rolling 
them  upon  small  cylinders.  The  sheets  were  un- 
rolled from  one  cylinder,  and,  after  reading,  rolled 
upon  the  other.  The  copy  of  the  Pentateuch,  in  the 
possession  of  the  small  band  of  Samaritans  yet  living 
at  Nablous,  the  ancient  Gerizim,  is  thus  preserved. 
It  is  claimed  by  its  possessors  to  have  been  written 
bv  a  grandson  of  Aaron.  The  book  of  the  law  in 
au  synagogues  is  thus  mounted. 

Another  ancient  mode,  the  precursor  of  the  more 
modem  system,  is  found  in  the  mode  of  stringing 
leaves  together  by  several  cords  passing  through  holes 
near  one  edge.  This  is  practiced  in  India  with  pieces 
of  leaves  neatly  cut  to  a  size.    See  Paper  ;  Pen. 

The  present  plan  of  fastening  the  leaves  to  a  back 
and  sides  is  believed  to  have  been  invented  by  At- 


tains, of  Peigamus,  or  his  son  Eumenes,  about  200 
B.  c.  This  King,  or  somebody  for  him,  invented 
parchment,  hence  called  pergameTia,  from  Peigamus. 
It  was  devised  as  a  substitute  for  papyrus,  on  which 
an  embargo  had  been  laid  by  Ptolemy  of  Egypt,  who 
thus  sou^t  to  embarrass  the  rival  library  m  Asia 
Minor. 

The  oldest  bound  book  known  is  the  volume  of 
St.  Cuthbert,  drea  660. 

Ivory  was  used  for  book  covers  in  the  eighth  cen- 
tury ;  oak  in  the  ninth.  The  *  *  Book  of  Evangelists,'* 
on  which  the  English  kings  took  their  coronation 
oath,  was  bound  in  oak  bodSds,  a.  d.  1100. 

Hog-skin  and  leather  were  used  in  Uie  fifteenth 
century. 

Calf  in  1550. 

Silk  and  velvet  as  early  a^  the  fifteenth  century. 

The  Countess  of  Wilton,  in  her  "  Art  of  Needle- 
work," says  the  earliest  specimen  of  needlework- 
binding  remaining  in  the  British  Museum  is  Fichetun 
(Guil.)  Rhetoncum,  labri  tres  (Impr.  in  Membranis), 
4to,  Paris  ad  Sorbonse,  1471.  It  is  covered  with  crim  - 
son  satin,  on  which  is  wrought  with  the  needle  a 
coat  of  arms,  a  lion  rampant  in  gold  thread  in  a  blue 
field,  with  a  transverse  badge  in  scarlet  silk ;  the 
minor  ornaments  are  all  wrought  in  fine  gold  Uiread. 

The  next  in  date  in  the  same  coUection  is  a  de- 
scription of  the  Holy  Land,  in  French,  written  in 
Henry  YII.'s  time.  It  is  bound  in  rich  maroon  vel- 
vet, with  the  royal  arms,  the  garter,  and  motto  em- 
broidered in  blue,  the  ground  crimson,  and  the 
fleurs-de-lis,  leopards,  and  letters  of  the  motto  in 
gold  thread.  A  coronet  of  gold  thread  is  inwroufl^t 
with  pearls ;  the  roses  at  the  comers  are  in  red  oik 
and  gold.  In  the  Bodleian  Librair  is  a  volume  of 
the  Epistles  of  St.  Paul  (black  letter),  the  bind- 
ing of  which  is  embroidend  by  Queen  Elizabeth ; 
around  the  borders  are  Latin  sentences,  etc  Arch- 
bishop Parker's  '  *  De  Antiquitate  Britannice  Eccle- 
sise"  (1572),  in  the  British  Museum,  is  bound  in  green 
velvet,  embroidered  with  animals  and  flowers,  in  green, 
crimson,  lilac,  and  yellow  silk,  and  gold  thread. 

A  folio  Bible  which  belong^  to  Charles  I.,  date 
1527,  is  now  preserved  in  the  church  of  Broomfield, 
Essex,  England.  It  is  bound  in  purple  velvet,  the 
arms  of  Ei^land  embroidered  in  raised  work  on  both 
sides. 

A  will  of  1427  devises  several  psalters  in  velvet 
bindings. 

Cloth  binding  superseded  the  paper  known  in 
England  as  ** boards"  in  1828. 

India-mbber  backs  were  introduced  in  1841. 

Tortoise-shell  sides  in  1856. 

Three  fine  specimens  of  old  bookbinding  are  in 
the  collection  of  James  S.  Grinnell,  of  Washington, 
D.  C,  and  deserve  notice  as  being  representative  of 
difierent  styles. 

1*  A  manuscript  breviary  of  the  fourteenth  cen- 
tury, elaborately  illuminated  on  parchment,  has  a 
brown  calfskin  cover  over  sideboards  of  beech,  the 
bands  being  of  calfskin  passed  throush  holes  in  t)io 
boards  and  wedged.  The  cover  is  elaborately  blind- 
tooled,  that  is,  not  gilded,  but  worked  by  pressure 
and  heat.  The  designs  are  in  square  panels  of 
geometric  figures. 

The  book  is  bound  in'  folded  signatures  of  five 
double  sheets,  making  twenty  pages  to  a  signatui-c, 
and  the  first  letter  on  each  of  these  parcels  is  written 
at  the  bottom  of  the  previous  parcel  for  the  direction 
of  the  binder. 

The  book  had  brass  clasps,  and  contains  the  "di- 
vine office  "  for  the  year.  It  is  in  remarkable  preser- 
vation. 

2.   ''Catali^us  fautoram  et  gestomm  eoram   et 
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diversis  voluminibus  collectus,"  edited  by  "  the  most 
reverend  father  in  Christ,  Petro  de  Natalibus." 
Printed  in  1514. 

Bound  in  white  vellum,  elaborately  embossed  with 
salient  figures  representing  Faith,  Hope,  and  Char- 
ity, kit-cat  length  in  ]mnels  of  the  cover,  surrounded 
by  scrolls  and  leafage.  The  binding  has  the  date 
of  1595,  and  the  veUuni  was  evidently  embossed  by 
beii^  stami>ed  while  wet  with  dies  engraved  in  in- 
taglio. The  panel  borders  were  made  by  hand-tool 
tiUets,  not  rolls.  The  figures  are  repeated  in  a  man- 
ner which  shows  that  the  impressions  are  repetitions 
of  the  same  stamp.  The  vellum  was  probably  laid 
upon  a  material  which  would  yield  somewhat  to 
pressure  and  then  retain  its  form.  The  vellum  was 
then  dried  in  position. 

3.  A  copy  of  John  Minsheu's  folio  dictionaiy 
"  Ductor  in  Linguas,*'  published  in  1617,  and  dedi- 
cated to  James  1.  It  was  formerly  in  the  library  of 
(Charles  I.,  is  bound  in  buff  leather,  and  has  the 
arms  and  crewn  on  both  sides  of  the  cover. 

The  binding  of  books  varies,  and  the  following 
names  occur  :  — 

Full-bmifid ;  back  and  sides  leather. 

ffalf-bou^id;  back  leather,  sides  paper  or  cloth. 

Cloth;  back  and  sides  covei-etl  with  a  colored  fab- 
ric, usually  embossed. 

Muslin  ;  same  as  above. 

Boards;  an  English  term.  The  covers  were  of 
mill-board.  They  were  afterwards  cx)vered  with  pa- 
per. 

Other  modes  are  knowni  by  the  kind  of  leather 
with  which  they  or  their  backs  are  fiUl  or  half 
bound-;  as,  Russia,  mormrco,  roan,  calf,  sheep,  vel- 
lum, etc. 

In  one  form  of  caoutchouc  Ijinding,  the  sheets  are 
folded  in  double  leaves,  clamped,  treated  on  the 
Iwick  with  several  coats  of  caoutchouc  in  solution. 

The  processes  of  bookbinding  are  about  as  follows : 

Folding  the  sheets. 

Gathering  the  consecutive  signatures. 

Rolling  the  ))acks  of  folded  sheets. 

Sennng^  after  saw-cutting  the  backs  for  the  cords. 

Rouiuiing  the  backs  and  glueing  them. 

Edgc-cuUiivg. 

Binding  ;  securing  the  book  to  the  sides. 

Covering  the  sides  and  back  with  leather,  muslin, 
or  paper,  as  the  casi*  may  be. 

Tooling  and  letiering. 

Edge-gilding. 

The  British  Museum  Catalogue  is  a  library  of  fo- 
lios in  itself.  Every  volume  is  stoutly  bound  in 
solid  blue  calf,  with  its  lower  edges  faced  with  zinc, 
to  save  wear  and  tear  from  the  violent  shoving  in  of 
the  volumes  to  their  places. 

The  museum  at  Cassel,  in  Germany,  has  a  collec- 
tion illustrating  European  and  other  trees.  It  is  in 
the  form  of  a  library,  in  which  the  back  of  each  vol- 
ume is  furnished  by  the  bark  of  some  particular 
tree,  the  8id<'s  are  made  of  perfect  wood,  tne  top  of 
young  wood,  and  the  bottom  of  old.  When  opened, 
the  book  is  found  to  be  a  box,  containing  either  wax 
models  or  actual  specimens  of  the  flower,  fruits,  and 
leaves  of  the  tree. 

At  a  sale  of  rare  books  and  manuscripts  in  Paris 
recently,  there  was  disposed  of  a  fourteenth  century, 
illuminated,  Gothic  edition  of  the  Bible,  with  gold 
clasps,  set  with  turquoises  and  bound  in  human  skin. 
A  copy  of  the  **  Imitation  of  Christ,"  now  in  the 
Carmelite  library  at  Paris,  is  similarlv  covered.  The 
human  skin  is  said  to  preserve  its  brilliant  whiteness 
forever,  while  all  other  parchments  will  turn  yellow. 
It  possesses,  besides*,  the  advantage  of  l)eing  easily 
emoossed,  the  Bible  in  question  being    beautifully 


ornamented  with  fleurs  de  lys,  scenters,  etc.  On 
the  other  hand,  it  absorbs  ink  so  freely  that  it  is  im- 
possible to  write  upon  it.  The  character  of  the  skin 
IS  determined  by 

the     microscope.  Fig.  791. 

The  human  skin 
and  its  hair  are 
readily  distin- 
guished from 
those  of  other 
animals. 

Book-olamp. 
{Bookbinding.) 
a.  A  vise  for 
holding  a  book 
while  being 
worked.  Adjust- 
ment is  made  by 
the  nuts  for  tho 
thickness  of  the 
book,  and  the 
pressure  is  given 
Dy  the  lever  and 
eccentric. 

b.  A  holder  for 
school-books 
while  carrying 
them.  The  cords 
pass  through  the 
upper  bar  A  and 


Book- Clamp, 


down  to  the  lower  bar ;  they  are  tightened  by  the 
rotation  of  the  handle. 

Wf .  788. 


School- Book  Oamp. 

Book-edge  Look.  A  lock  whereby  the  closed 
sides  of  the  book-cover  are  locked  shut. 

Book-fold'ing  Ma-ohine'.  A  machine  for 
folding  sheets  for  gathering,  sewing,  and  binding. 

Chambers's  book-folding  machines  are  made  of 
various  sizes,  adapted  to  fold  sheets  to  varioos  di- 
mensions from  folio  downward. 

They  are  also  adapted  for  folding  two  separate 
sheets  together,  pasting  the  separate  pages  at  the 
back  ;  or  for  cutting  sheets  into  a  numoer  of  pieces 
and  folding  them  separately.  Insets  also  may  be 
cut  off  and  set  in  as  by  hand. 

Fig.  793  will  give  an  idea  of  the  folding  procras 
on  a  simple  machine. 

The  operator  transfers  a  sheet  to  the  table  A^ 
which  has  a  transverse  slit  across  its  middle.  The 
revolution  of  the  pulleys  operates  a  rock-shaft  B,  car- 
rying a  curved  aim  with  a  folder  C  at  its  extremi^, 
which  presses  the  sheet  down  through  the  slit  in  the 
table,  where  it  passes  between  rollers,  which  double 
it  and  deliver  it  into  a  receptacle  />,  at  the  end  of 
the  machine. 

To  fold  an  octavo,  the  once  folded  sheet  is  again 
presented  to  a  folding  edge,  when  it  is  carried  to  a  sec- 
ond set  of  rollers,  which  squeeze  it  flat,  and  it  is  thence 
led  to  a  trough,  where  the  foldetl  sheets  are  collected. 
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Fig.  798. 


Chamben^s  Book-Fotder. 

Book-liold'er.  A  reading-desk  top,  or  equiva- 
lent device,  for  holding  an  open  book  in  reding 
position. 

Book'ing.  (Agriculture.)  The  arrangement  of 
tobacco-leaves  in  symmetrical  piles,  the  stems  in  one 
direction,  leaf  upon  leafy  forming  a  book. 

BookHMw'ing  Ma-ohine'.  The  feeder  is  com- 
posed of  two  plates  C  O",  inclined  each  toward  the 
other,  and  almost  touching  at  their  outer  ends. 
When  the  feeder  is  in  the  position  shown  in  the  fig- 
ure, a  folded  ** signature"  is  placed  over  it,  the  feeder 
is  brought  to  a  horizontal  position,  and  then  a  hori- 
zontal plate  moves  forward  between  the  plates  of  the 
feeder,  and  carries  the  signature  to  the  points  of  the 
hooked  needles  i^  iV^,  which  are  then  dnven  through 
the  saw-kerfs  in  the  back  of  the  signature,  and  in  this 
position  a  thread-carrier  lays  its  thread  in  the  hooks 
oT  the  needles,  and  when  the  needles  are  carried 
back,  they  draw  a  loop  of  such  thread  through  the 
Imck  of  the  signature.  When  the  needles  pass  into 
another  signature,  they  draw  the  thread  then  laid 
withm  their  hooks  through  the  loops  last  formed 


BixA'Stwiitg  Maehint. 

and  yet  on  their  shanks,  and  so  enchain  the  thread 
along  the  backs  of  and  secure  the  signatures  together. 
The  feeder  vibrates  alternately  from  a  vertical  to  a 


horizontal  position  ;  in  the  former  receiving 
the  signature  which  straddles  it,  and  in  the 
latter  forming  guides  for  the  horizontal  plate 
which  pushes  the  signature  of  the  feeder  up 
to  the  place  where  it  is  sewn. 

Book-muB'lin.  {Fabric. )  A  fine,  trans- 
parent goods,  like  a  Swiss  muslin.  It  £omes 
folded  in  book  form.     See  Buke-muslin. 

Book-per-feot'ing  Freiui.  {Printing.) 
One  which  prints  both  sides  of  a  sheet  with- 
out intennediate  manipulation.  Some  act  up- 
on the  respective  sides  in  immediate  succes- 
sion, others  •  have  automatic  feed  between 
impressions.  Such  are  the  Ford^  Bullock, 
■J  WaUer,  and  other  printing-presses  of  the 
highest  character  and  efiiciency. 

Bool-^irork.  See  Buhl-work.  See  also 
Reisner-work. 

Boom.  1.  {Nautical,)  a.  A  spar  for  ex- 
tending the  foot  of  a,  fore-and-aft  sail. 

The  boom  on  which  a  fore-and-aft  sail  is 

stretched  is   tommonly  provided  with  jaws 

which   partiallv  encircle  the  mast,  and  are 

held  to  it  by  a  half-grommet  sti-ung  with  balls 

of  hard  wood  to  avoid  friction. 

b.  A  spar  rigged  out  from  a  yard  to  extend  the 
foot  of  a  studding-sail.  Tlie  fore  and  niain  lower 
yards,  and  the  fore  and  main  topsail  yards  have  stud- 
ding-sail booms.  Each  is  secured  by  boom-irons  on 
its  yard,  and  is  named  from  the  studding-sail  whose 
foot  it  stretches. 

The  heads  of  the  studding-sails  are  bent  to  stud- 
ding-sail yards  which  are  slung  from  the  studding- 
sail  booms  and  the  fore  and  main  top-gallant  yard- 
arms.     The  stays  of  these  booms  are  called  guys. 

The  ring-tail  boom  is  rigged  out  like  a  studding- 
sail  boom  at  the  end  of  the  spanker-hoom. 

c.  The  booms;  the  space  on  the  spar-deck  between 
the  fore  and  main  masts,  where  the  boats  and  spare 
spars  are  stowed, 

2.  {Marine  Fortpication.)  A  chain  orline  of  con- 
nected spars  stretcned  across  a  river  or  channel  to 
obstruct  navigation,  or  detain  a  vessel  under  the  fire 
of  a  fort 

8.  {Lumbering.)     A  spar  or  line  of  floating  timbers 
stretched  across  a  river,  or  inclosing  an  area  of  wa- 
ter, to  keep  saw-logs  from  floating 
down  the  stream. 

Boom'e-rang.  A  missile  formed 
of  a  bent  stick  with  a  rounded 
and  a  flat  side,  and  used  by  the  Aus- 
tralian natives. 

Among  the  various  throwing- 
sticksof  savage  nations,  this  weap- 
f  on  of  the  Australians  has  caused 
I    most  curiosity,  from  the  apparently 
erratic  character  of  its  flight.     It 
is  a  curved  stick,  round  on   one 
side  and  flat  on  the  other,  about 
8  feet   long,  2   inches  wide,  and 
f  inch   thick.      It  is  grasped  at 
one  end  and  thrown  sickle-^ise, 
either    upward   into  the  air,   or 
downwara    so    as    to  strike  the 
ground  at  some  distance  from  the 
thrower.     In  the  first  case  it  flies 
with  a  rotatory  motion,  as  its  shape 
would  indicate,  and  ^Fter  ascend- 
ing to  a  great  hight  in  the  air,  it 
suddenly  returns  in  an  elliptical 
orbit  to  a  spot  near  its  startiuff- 
point.     On  throwing  it  downward  to  the  ground,  it 
rebounds  in  a  straight  line,  pureuin^  a  ricochet  mo- 
tion until  it  strikes  the  object  at  which  it  is  thrown. 
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The  most  singular  curve  described  by  it  is  when 
itis  projected  upward  at  an  angle  about  i5\  when  its 
flight  is  always  backward,  and  the  native  who  throws 
it  stands  with  his  back  to  the  object  he  intends  to  hit 

The  ancient  £g3rptians  used  curved  throwing-sticks ; 
but  their  shape  was  not  like  the  one  above  described, 
nor  their  tiignt  anything  very  peculiar. 

The  Esquimaux  and  some  Brazilian  tribes  use 
throwing-sticks.  The  Purupurus  have  ^epdlheta,  a 
missile  of  a  similar  kind. 

The  trombash  is  a  throwing-stick  used  by  some  of 
the  interior  tribes  of  AMca. 

Another  form  of  missile  is  ihebolas  of  the  Patago- 
nians.     See  Bolas. 

The  boomerang  of  the  Moqui  Indians,  of  Sonora,  is 
a  flat  pointed  stick,  with  a  small  ornament  like  an 
acorn  at  the  handle  end. 

Boom-i'ron.    {NatUioaL)     A  flat  iron  ring  on 
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itry^.n 
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the  yard,  through  which  the 
studdin^-saU  room  travels 
when  being  rigged  out  or  in. 
One  boom-iron,  callcil  the 
yard-^rm  iron  (b  A),  is  fixed 
at  the  end  of  the  yard,  and 
another  iron,  called  the  quar- 
ter-iron (ti),  is  placed  at  ^ 
of  the  length  of  the  yard 
from  the  outer  end. 

The  quarter -iron  has  a 
clasp  r  Ar  71,  which  embraces 
the  vard,  and  a  clasp  a  p, 
which  holds  the  heel  of  the 
studding-sail  boom,  d  is 
the  stop  of  the  yard,  and  to 
it  is  secured  the  check-block 
e  for  the  sheets. 

Boom-jig'ger.  {Nauti- 
cal.) A  tackle  for  rigging 
out  or  running  in  a  topmast 
studding-sail  boom. 

BoomldzL     (Nautical,) 
A  projecting  spar  at  the  bow 
of  a  ship,  for  hauling  out  the 
weather-tack  in  sailing  near  the  wind.    Bwnkin. 

A/ore-boom,  or  bentick-boom,  is  sometimes  used 
for  spreading  the  foot  of  the  fore-sail. 

Booms.  (Nautical.)  A  space  amidships  on  the 
spar-deck,  between  the  fore  and  main  masts,  where 
tne  launch  or  other  large  boat  and  spars  are  stowed. 
Boon.  The  internal  woody  portion  or  pith  of  flax, 
which  is  disoiganized  by  retting,  the  binding  muci- 
lage being  softened  by  fermentation.  The  boon  is  par- 
tially removed  in  grassing,  and  together  with  the  shives 
is  completely  eliminated  from  the  hare  or  fiber  in  the 
subsequent  operations  of  braking  and  scutching. 

Boot.    1.  (Leather.)     A  covering  for  the  foot 
and  lower  part  of  the  leg,  made  ordinarily  of  leather. 
The  various  parts  ai-e  designated  in  the  illustration. 
In  the  elevation  A  (Pig.  796),  — 

i  the  heel ;  the  front  \b 
the  breast,  the  bottom 
the  face, 
j  the  lifts  of  the  heeL 
k  the  shank. 
I  the  vxlt. 
m  the  sole, 
n  the  toe. 
0  the  ball  of  the  sole, 
in  B,  (same  figure),  — 
a  is  the  upper.  c  the  outsole. 

b  the  insole.  d  the  toelt. 

e  the  stitching  of  the  sole  to  the  u}elt. 
f  the  stitching  of  the  upper  to  the  ufelL 


a  is  the  front. 

b  the  side-seam. 

c  the  back. 

d  the  strap. 

e  the  instep. 

/the  vainp  or  front. 

g  the  Quarter  or  counter. 

h  the  rand. 


5  the  channeling,  or  the 
depreoML  for  the  bights 
of  the  stitches. 

Hesiod  (1000  e.  %.\ 
mentions  ox-hide  boots 
and  woolen  socks  as  part 
of  the  winter  equipment 
of  a  plowman,  out  rec- 
ommends that  the  plow- 
man go  naked  in  summer. 
The  modem  Syrian  boots 
are  of  leather,  and  have 
an  extra  thickness  sewed 
on  below  to  answer  for  a 
sole  ;  but  they  do  not  ap- 
pear to  have  a  flat,  strong 
sole  like  our  own,  and  we 
should  consider  them 
very  slovenly  and  uncom- 
fortable. 

The  boot  was  worn  as 
armor  at  a  very  early 
period;  being  made  of 


Fig.  796. 


Bo9t. 

leather  with  plates  or  greaves  of  metal  to  guard  the 
front. 

Moses  says  of  Asher,  *'  Thy  shoes  shall  be  iron  and 
brass."    1451  B.  c. 

Homer,  in  his  ''Iliad,'*  speaks  of  the  brazen-booted 
Greeks.  » 

In  the  Abbott  Collection,  New  York,  may  be  seen 
ancient  Egyptian  boots  and  shoes,  of  purple  and  red 
leather,  and  of  white  kid.  Sandals  were  the  com- 
mon wear,  and  were  made  of  leather,  raw-hide,  date- 
leaves,  and  papyrus.  In  the  same  collection  is  the 
mummied  foot  of  a  lady  with  the  white  kid  saiter 
boot  yet  remaining  upon  it.  The  foot  is  small  and 
finely  arched,  resembling  the  true  Arabian  t^pe. 
The  boot  is  so  fragile  that  it  will  not  bear  handling. 
The  upper  appears  to  be  sewed  to  a  sole,  but  does 
not  show  any  heel.     It  is  from  Sakkarah. 

The  Median  and  Roman  boots  were  laced  up  in 
front.  See  Cothurnus,  in  Smith's  ''Dictionaiy  of 
Ckeek  and  Roman  Antiquities." 

The  boot  was  called  ocrea  by  the  Romans.  The 
calceus  was  a  skoe^  and  the  solea  a  sandal.  The  shoes 
of  the  Roman  senators  came  up  to  the  middle  of  the 
le^,  and  were  generally  blade.  On  ceremonial  occa- 
sions the  Roman  magistrates  wore  red  shoes.  Red  and 
purple  were  regal,  and  red  is  yet  a  cardinal  color. 

The  Etruscan  augure  wore  jack-boots. 

The  llamas  of  Tartary  wear  red  boots  and  yellow 
cloaks.  They  leave  their  boots  in  the  vestibules  of 
the  temples.  So  do  the  Turks.  The  latter  brought 
the  practice  from  Central  Asia. 
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'*  There  bought  a  pair  of  boots ;  cost  me  80«." 
—  Pefsts,  1662. 

The  boot  and  shoe  making  business,  more  particu- 
larly since  the  introdttotion  of  pegs,  which  are  said 
to  have  been  invented  by  Joseph  Walker,  of  Hop- 
kinton,  Mass.,  about  the  year  1818,  has  become  a 
very  extensive  and  important  branch  of  manufacture, 
machinery  being  employed  in  nearly  all  the  opera- 
tions connected  with  the  business.  The  first  appli- 
cation of  machinery  in  shoemaking  is  due  to  the  cel- 
ebrated Brunei,  who  devised  a  series  of  machines, 
which  were  operated  by  invalid  soldiers  belonging  to 
Chelsea  Hospital.  The  shoe  passed  through  a  num- 
ber of  hands  before  beingfinished ;  the  operation  which 
each  man  had  to  perform  was  so  simple  that  it  is  said 
that  the  manipulation  could  be  learned  in  half  an 
hour.  The  sole  was  secured  to  the  upper  by  nails. 
These  machines,  being  employed  solely  for  the  manu- 
facture of  army  shoes,  appear  to  have  fallen  into  dis- 
use at  the  close  of  the  war,  and  were  never  intro- 
duced into  private  establislunents,  the  style  of  work 
probably  not  being  suited  to  the  demands  of  the 
public. 

A  long-legged  boot  made  in  Worcester,  Mass., 
for  the  Pennsylvania  coal-mines,  is  the  most  dur- 
able piece  of  furniture  ever  constructed  of  leather 
and  iron.  The  soles  are  about  three  quarters  of 
an  inch  thick,  projecting  like  the  guards  of  a  Mis- 
sLasippi  steamer.  The  heel  also  projects  nearly  a 
quarter  of  an  inch,  fonning  quite  a  shell  near  the 
counter,  and  flared  at  the  lx>ttom.  Kails  with  a 
flat  top,  a  size  smaller  than  a  three-cent  piece,  are 
driven  as  closelv  as  they  can  be  set  all  over  the  sole, 
shank,  and  heel,  forming  as  it  were  a  solid  iron  bot- 
tom. The  boots  weigh  6^  pounds,  the  nails  contrib- 
uting 1^  pounds  to  the  weight.  Long  nails  of 
Swe£sh  iron  are  driven  through  the  heel  and  shank, 
clinching  on  the  inner  sole ;  three  to  the  heel  and 
six  to  the  shank.  The  sides  are  closed  by  hand  with 
a  six-stranded  thread  that  will  hold  100  pounds 
weight. 

2.  (Carriage.)  The  receptacle  for  baggage,  etc., 
at  either  end  of  a  coach. 

3.  (Mena^.)  Protection  for  the  feet  of  horses, 
enveloping  the  foot  and  a  part  of  the  1^.  A  con- 
venient substitute  for  swaddling  or  bandaging. 
Patented  in  Ei^land  by  Botch,  1810. 

They  are  used  on  the  feet  of  horses  while  standing 
in  a  stable,  to  keep  the  feet  moist  and  prevent  crack- 
ii^  or  contraction  of  the  hoofs.  Thi^  may  be  lined 
with  sponge,  which  is  kept  damp,  llie  boot  has  an 
upper  and  sole,  and  is  shaped  to  the  foot  nearly. 
Tjie  upper  part  has  a  draw-string. 

They  are  also  used  for  various  affections  of  the 
legs  and  feet,  such  as  varicose  veins,  splint,  speedy- 
cut,  strain.  In  such  cases  they  are  made  to  fit  more 
closely. 

Boot-calk.  A  spur  for  the  boot-sole  to  prevent 
the    wearer    from 


Kg.  797. 


slipping  on  ice. 
Boot    " 


ot-ohan'nel- 
ing    Marofaine'. 

I  Oneformakingthe 

slit  in  a  sole  to  sink 

the  sewing-thread 

below  the  surface. 

It    consists    of   a 

jack  on  which  the 

boot   is  held,   an 

inclined    knife 

gaged  to  depth,  and  a  guide  which  causes  the  knife 

to  make  its  incision  at  an  equal  distance  from  the 

sole-edge  all  round. 

Boot-clamp.    A  device  for  holding  a  boot  while 


Boat-Qdk. 


being  sewed.  It  consists  of  a  pair  of  jaws,  between 
whose  edge  the  leather  is  gripped,  and  which  are 
locked  together  by  a  cam,  or  by  a  cord  which  leads 
to  a  treadle. 

Boot-orimp.  {Boat-maJsing,)  A  tool  or  a  ma- 
chine for  giving  the  shape  to  the  pieces  of  leather 
designed  for  boot  uppers.  Formerlv  the  leather 
made  a  series  of  folds  or  crimps  over  the  instep,  and 
hence  may  have  originated  the  name.  The  leather 
for  uppers  is  now  crimped  bv  softening,  straining 
over  a  former,  and  rubbing  down  the  parts  where 
the  leather  is  thickened  by  the  operation  ;  that  is, 
the  parts  which  would  be  crimped  or  rugged,  were  the 
material  not  com- 
pacted at  that  H«.  TBfi.  n 
point. 

In  the  illustra- 
tion, the '  edges  of 
the    leather    are 
tacked   over    the 
pieces  C  B,  which 
are  then  extended 
outwardly      from 
the  block  A  by  meai 
screws,  which  are  tl 
sockets  in  the  mov 
and  ,bear  by  their 
in  pockets  on  the 
block  A. 

Boot-orimp' 
chine'.  (Boot-maki 
chine  in  which  the  ^..»u<^.u0  » 
performed  in  succession  upon  a 
number  of  leather  pieces  cut  to         BoouCHmp, 
a  TOttem. 

The  boot-trees  C  are  attached  to  a  central  shaft, 
which  carries  them  around  in  contact  with  the  ad- 

Plg  799. 


Boot-Orimpittf  MaekSne. 

instable  ribs  D  D,  which  are  so  bent  as  to  crimp  the 
leather  upon  the  trees. 

Boot-edge  THm'mer.  A  machine  which  acts  in 
connection  with  a  guide  to  pare  smoothly  the  edffes 
of  boot-soles.  It  is  a  machine-substitute  for  the 
edge-plane. 

In  the  machine  (Fig.  800),  vertical,  endwise, 
and  retary  movements  are  imparted  to  the  jack  in 
which  the  shoe  a  is  clamped.  The  gage  y  runs  be- 
tween the  sole  and  upper  leather  of  the  shoe,  and 
prevents  the  paring-knife  from  cutting  into  the  up- 
per leather.     The  cutter-head  N  rests  upon  the  pe- 


Digitized  by 


Google 


BOOTEK. 


336 


BOOT-MAKING  MACHINE. 


Boot-Edgt  jyimming  MacMne. 

riphery  of  the  pattern  x,  which  governs  the  depth  of 

cut 

Boot'ee.  (Fabric.)  A  white,  spotted  Dacca  muslin. 

Boot-^oov'lng  Ma-ohine^    One  for  making 

the  groove  in  a  shoe-sole  to  sink  the  sewing-threads 

below  the  surface.     A  clianncli-ng-machiiic. 

Boot^eel  Cut'ter.    A  machine  for  cutting  the 

lifts   for    making 
Fig.  801.  boot-heels.   In  the 

example  the  cut- 
ters are  various  in 
size,  and  are  hinged 
to  the  frame,  so 
'  that  they  can  be 
'-let  down  over  each 
other.  The  heel- 
lifts  are  cut  to 
graduated  size,  and 

merely  require  bev- 

BoouHed  Cmttr.  eling  after  attach- 

ment. The  leather 
is  placed  on  the  cutters,  and  forced  down  by  blows 
of  a  wooden  mallet. 

Boot-hold'er.    A  jack  for  holding  a  boot  either 
in  the  pix)cess  of  manufacture  or  for  cleaning.     The 


Fig.  802. 


-P^i:^ 


Boot-Holder, 

base-piece  is  attached  to  a  bench,  and  has  a  station- 
ary prong.  The  movable  prong,  containing  the  foot- 
piece,  is  attached  to  the  other,  and  is  helif  at  its  ad- 
justment by  a  curved  rack  and  pawl. 

Boot-hook.  A  device  for  drawing  on  boots  and 
shoes,  consisting  essentially  of  a  stout  wire  bent  into 
a  hooked  form  and  provided  with  a  handle. 


Boot-jaok.  A  board  with  a  crotch 
to  retain  the  heel  of  a  boot  while  it  is 
being  pulled  off. 

Boot-jacks  are  made  jointed,  so  as  to 
fold  into  compact  foiin.  Recesses  are 
made  in  them  to  hold  a  small  brush  and 
a  minute  box  of  blacking.  Cases  are 
made  to  contain  all  thi-ee,  being  nattily 
arranged  to  suit  the  fastidious. 
I  A  boot-rack  is  merely  a  frame  to  hold 
p  boots,  and  would  not  be  here  cited  but 
that  several  patents  have  been  granted 
for  special  contrivances  in  that  line. 

Boot-mak'ing  Ma-ohine'.  Screws 
have  l)een  employed  in  France  since  1844 
for  securing  soles  to  shoes. 

Machines  for  making  boots  are  adapted 
for  specific  parts  of  the  operation  ;  such 
as  heel-Tiiachines,  which  include  cutters^ 
randiug,  lieel -cult big ^  heel-trimming y  and 
heel-lnimisfiiiig  machines. 

l/pper-mttchiiics ;  which  include  crimp- 
ing,  turning^  aeam-rolliiig,  and  trimming 
machines. 

SoU-nuichines ;  which  include  cuUirtg, 
channeling,  burnishing,  and  ]>egging  machines. 

Lasting-inachines ;  for  drawing  the  upper  portion 
of  the  boot  firmly  on  to  the  last. 

Pegging-machines ;  peggirig-jacks  for  holding  boots 
while  being  pegged. 

Orimping-nuidiines ;  for  stretching  and  pressing 
into  shape  leather  for  uppers. 

Besides  these  there  are  numerous  hand-tools,  such  as 
burnishers,  edge-planes,  and  shaves^  peggimg-awls,  etc 
See  list  under  Leather. 

In  one  arrangement  of  screw- wire  boot-making 
machinery  is  the  following  series  :  — 

The  leather  is  cut  into  shape  by  means  of  tools  re- 
sembling punches.  The  thicknesses  which  are  to 
form  the  soles  are  united  with  glue,  and  compressed 
previously  to  being  cut.  They  receive  then  the 
necessary  concavity  by  powerful  hydraulic  pressure, 
and  their  surfaces  are  smoothed  and  hardened  in 
still  another  machine.  Sewing-machines  form  all 
the  necessary  seams,  binding,  and,  if  necessary,  or- 
namental stitching  of  the  upper  leathers  ;  and  then 
the  separate  parts  are  brought  together  in  the  ma- 
chine which  IS  to  complete  the  shoe  by  uniting  the 
upper  leather  and  the  sole. 

First  there  is  placed  upon  the  form  or  last  in  this 
machine  the  inner  sole.  The  upper  leather  is  then 
stretched  over  this  by  means  of  small  nippers  at- 
tached to  thi'  machine,  which  are  capable  of  stretch- 
ing it  with  considerable  force.  it  is  secured  in 
place  by  a  i-ow  of  small  nails.  The  outer  sole  is  then 
carefully  applied  over  the  whole.  As  this  has  been 
entirely  finished  and  polished  on  the  edges  in  the 
previous  process  of  prepaimtion,  it  is  important  that 
It  be  truly  adjusted,  since  it  cannot  be  afterwards 
trimmed.  The  machine  then  applies  to  the  two  soles, 
with  the  upper  leather  included  between  them,  a  force 
of  pressure  of  not  less  than  700  ix>unds,  increased,  if 
desired,  to  one  ton.  Screws  are  then  inserted  ail 
i-ouud  the  margin  of  the  sole,  an  operation  complettrd 
in  less  than  thi'ee  minutes  for  a  single  shoe,  or  in 
five  minutes  for  a  pair.  The  salient  extremities  of 
the  screws  are  cut  by  a  chisel,  and  the  burr  left  by 
the  chisel  is  ground  away  on  an  emery-wheel.  The 
last  on  which  the  shoe  is  constructed,  being  made  of 
iron,  prevents  the  interior  extremities  from  passing 
the  surface  of  the  inner  sole. 

The  machines  not  only  apply,  but  make  the  screw. 
The  material  is  brass,  which  is  drawn  off  from  a  bol>. 
bin  in  the  machine  as  it  is  required.     The  extremity 
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BORE. 


Fig.  808. 


passes  horizontally  through  a  guide,  and,  in  order  to 
cut  the  thread  of  the  screw,  tne  whole  bobbin  re- 
volyes.  In  hand-machines  a  crank  serves  to  give  the 
revolution  ;  but  the  driving  power  may  be  taken 
from  a  motor.  When  the  resistance  shows  that  the 
screw  has  struck  the  iron  last,  a  cutter  is  brought  into 
action  by  the  foot  of  the  operator  pressingupon  a  pedal, 
and  the  wire  is  cut  as  near  as  possible  to  the  leather. 
Boot-paf  tern.  A  templet  made  up  of  plates 
which  have  an  adjust- 
ment on  one  another,  so 
as  to  be  expanded  or  con- 
tracted to  any  given  di- 
mensions within  the 
usual  limits  of  boot 
sizes.  Used  in  mark- 
ing out  shapes  and  sixes 
on  leather  ready  for  the 
cutter. 

Boot-Beam  Ruiy- 
ber.  A  bumishing- 
tool  for  flattening  down 
the  seam  where  the 
thicknesses  of  leather 
are  sewed  together.  This 
is  usually  a  hand-tool, 
but  sometimes  is  a  ma- 
chine in  which  a  boot- 
leg, for  instance,  is  held 
on  a  jack  while  the  rub- 
ber, either  a  roller  or  a 
burnisher,  is  reciprocated  upon  the  seam. 

Boot-ahank  Ma-ohine^  A  tool  for  drawing 
the  leather  of  the  upper  or  boot-leg  over  the  last 
into  the  hollow  of  the  shank.  In  the  example,  the 
leather,  being  placed  over  the  last,  is  inserted  between 
the  jaws  which  are  pivoted  to  the  plate.  The  screw 
connecting  with  the  jaws  by  arms  is  then  turned,  and 
causes  the  jaws  to  be  brought  together,  thus  stretch- 
ing the  leather. 


Boot-Battem. 
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Boot-SuiTik  Machine. 


JBoot'Stretehtr. 


Boot-Btretch'er.  {Leather.)  A  device  for 
stretching  the  uppers  of  boots  and  shoes.  The  com- 
mon form  is  a  two-part  1^,  divided  horizontally  and 
having  a  wedge  or  a  wedge  and  screw  to  expand  them 
after  insertion  in  the  boot. 

In  the  example  the  last  is  divided  into  an  upper 
and  under  section  which  are  connected  by  a  lever. 
The  fore  end  of  the  upper  section  is  pivoted  to  the 
fore  end  of  the  lever,  and  the  middle  end  of  the  lev- 
er is  fulcrumed  at  ^e  mid-length  of  the  lower  sec- 
tion. The  screws  operate  to  raise  the  rear  end  of 
the  upper  section  immediately,  and  its  fore  end 
through  the  medium  of  the  lever.  The  upper  sur- 
face of  the  last  has  changeable  knobs  to  stretch  the 
leather  in  particular  places. 

There  are  many  kinds  for  special  uses. 


Boot-top'plng.  {Naubieal,)  The  operation  of 
scraping  off  grass,  barnacles,  etc.,  hx>m  a  vesseVs 
bottom,  and  coating  it  with  a  mixture  of  tallow,  sul- 
phur, and  rosin. 

Boot-tree.  An  instrument  composed  of  two 
wooden  blocks,  constituting  a  front  and  a  rear  ]K>r- 
tion,  which  together  form  the  shape  of  the  1^  and 
foot,  and  which  are  driven  apart  by  a  wedge  introduced 


BaoUTrm. 


between  them  to  stretch  the  boot.  The  foot -piece 
is  sometimes  detachable.  In  the  illustration  the 
tree  is  shown  mounted  on  a  trestle,  the  center  wedge 
being  driven  by  the  motion  of  a  treadle. 

Boot-ven'ti-la'tor.  A  device  in  a  boot  or  shoe 
for  allowing  air  to  pass  outwardly  from  the  bool  so 
as  to  air  the  foot.  It  usually  consists  of  a  perforated 
interior  thickness,  a  space  between  this  and  the  out- 
er portion,  and  a  discharge  for  the  air,  through  some 
part  of  the  said  outer  portion  above  the  water-line. 

Bo'qnln.     {Fixbric^    A  coarse  Spanish  baize. 

Bord.  (Mining.)  A  lateral  passage  where  a  shaft 
intersects  a  seam  of  coal. 

Bor'der.  1.  {Millinq.)  The  hoop^  rimy  or  curb 
around  a  bedstone  or  bedplate,  to  keep  the  meal  from 
falling  ott'  except  at  the  prescribed  gap.  Used  in  gun- 
powder mills  and  some  lorms  of  grain-grinding  mills. 

2.  {Printing.)  a.  A  type  with  an  ornamental 
face,  suitable  for  forming  a  part  of  a  fancy  border. 

b.  Ornamental  work  surrounding  the  text  of  a  page. 

8.  {Locksmithing.)    The  rim  ofa  lock. 

4.  {Fabric.)  That  part  of  cloth  containing  the 
selvage. 

Bor'der-pile.  (Uydraulic  Engineeri/tvg.)  An  ex- 
terior pile  of  a  coffer-dam,  etc. 

Bor'der-plane.    A  joiner's  edging-plane. 

Bor'dexB.  {Fabric.)  A  class  of  narrow  textile 
fabrics  designed  for  edgings  and  bindings  ;  such  as 
galloons  and  laces. 

Bor'der-atone.  The  curbstone  of  a  well  or  pave- 
ment. 

Bore.  1.  (Metal-working.)  A  tool  bored  to  fit 
the  shank  of  a  foi^ged  nail,  and  adapted  to  hold  it 
while  the  head  is  brought  to  shape  Dy  the  hammer. 
The  depression  in  the  face  of  the  bore  is  adapted  to 
the  shape  required  of  the  chamfered  under  part  of 
the  head. 

2.  The  cavity  of  a  steam-engine  cylinder,  pump- 
barrel,  pipe,  cannon,  barrel  of  a  fire-arm,  etc.  In  me- 
chanics it  is  expressed  in  inches  of  diameter  ;  in  can- 
non in  the  weight  in  pounds  of  solid  round  shot 
adapted  thereto,  as  8  dr.,  12  dr.,  or  in  inches  of  di- 
ameter, as,  8-inch  gun,  12-inch  gun  ;  in  small-arms, 
in  hundredths  of  an  inch  decimally,  thus,  .44,  .65,  in 
this  case  it  is  termed  caliber ;  in  sporting  rifles  by 
the  mmiber  of  balls  to  the  pound  ;  in  smooth-bore 
fowling-pieces  bya  trade  number,  as  No.  9, 10, 11,  etc. 
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2.  The  caliber  of  a  wind-instroment ;  as,  the  bore 
of  a  flute. 

3.  The  capacity  of  a  boring-tool ;  as,  the  bore  of 
an  auger. 

Bor'eL  (Fabric. )  a.  Formerly,  a  coarse  woolen 
cloth. 

6.  Alight  stuff  with  a  silken  warp  and  woolen  woof. 

Bor'er.  {CoopertJig.)  A  semi-conical  tool  used 
to  enlarge  bung-holes  and  give  them  a  flare. 

Bo-ru'la.  (Metallurgy.)  '  A  rich  copper  ore  in 
dust. 

Bor'ing  and  Ten'on-lng  Ma-ohine'.  ( fFfieel- 
vorighting.)  One  adapted  to  bore  the  holes  in  the 
fellies  and  to  cut  the  tenons  on  the  ends  of  the  spokes. 
In  the  example,  the  wheel  is  mounted  on  sliding-bed 


Fig.  807 


BORING-MACHINE. 
Fig.  806 


Bormg-Fanuet. 

the  stem  to  prevent  the  cork  cylinder  from  reaching 
and  closing  the  hole^  in  the  stem. 

Bor'ing-gage.     A  clamp  to  be  attached  to  an 
auger  or  a  bit-shank  at  a  given 
distance  from  the  point,  to  limit 


Fig.  900. 
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Boring  and  Tmomng  Machine. 

Z>,  and  pressure  on  the  treadle  h  draws  the  spoke  to 
the  hollow  auger,  whose  stock  is  turned  by  hand  till 
arrested  by  the  stop  n.  For  boring  fellies  a  detach- 
able bed  is  fitted  on  the  sliding  carriage.  A  screw- 
clamp  ip.  the  bed  holds  the  felly,  which  is  moved  up 
.  to  the  auger,  turned  by  hand  as  in  the  former  case, 
and  arrested  by  a  gage-stop.  The  brace  c  is  mounted 
between  the  back-plate  b  and  a  socket  in  the  stand- 
ard 5. 

Bor'ing-bar.  (Metal-toorking.)  A  bar  supported 
anally  in  the  bore  of  a  piece  of  ordnance  or  cylinder, 
and  carrying  the  cutting-tool,  which  has  a  traversing 
motion,  and  turns  ofl"  the  inside  as  the  gun  or  cylin- 
tier  rotates. 

Also,  a  cutter-stock  used  in  other  boring-machines, 
such  as  those  for  boring  the  brasses  of  pillow- 
blocks. 

Bor'ing-beiich.  (  Wood-working.)  A  bench  fit- 
ted for  the  use  of  boring  machinery  or  appliances. 
Bench-drill. 

Bor'ing-bit.  A  tool  adapted  to  be  used  in  a 
brace.  It  has  various  forms,  enumerated  under  the 
head  of  Bit  (which  see). 

Bor'ing-blook.  (Afetal-vwrking.)  A  slotted 
block  on  which  work  to  be  bored  is  placed. 

Bor'ing-collar.  A  back-plate  provided  with  a 
number  of  tapering  holes,  eitner  of  which  may  be 
brought  in  line  wiSi  a  piece  to  be  bored  and  which 
is  chucked  to  the  lathe-mandrel.  The  end  of  the 
piece  is  exposed  at  the  hole  to  a  boring-tool  which 
IS  held  against  it. 

Bor'ing-fanoet.  One  which  has  a  bit  on  its  end 
by  which  it  may  cut  its  own  way  through  the  head 
of  a  cask.  In  casks  whose  holes  are  alr^idy  plugged 
with  cork  the  inner  edge  of  the  stem  of  the  tap  is 
made  hollow  to  receive  the  cylinder  of  cork,  and 
with  an  annular  cutting-edge.     A  stop  is  placed  in 


the  penetration  of  the  tool  when 
it  has  reached  the  determinate 
depth. 

Bor'ing-latha  A  lathe  used 
for  boring  wheels  or  short  cylin- 
ders.     The  wheel  or  cylinder  is       ^onn^'Gagt. 
fixed  on  a  large  chuck  screwed  to  the  mandrel  of 
a  lathe. 

Bor'ing-ma-chine'.  The  term  may  be  held 
to  have  a  somewhat  general  application  to  all  ma- 
chines by  which  holes  are  made  by  the  revolution 
of  the  tool  or  of  the  object  around  the  tool,  but  not 
including  the  simple  tool  itself.  Thus  an  auger,  gim- 
let, awl,  or  any  bit  adapted  for  boring,  independently 
of  the  machinery  for  driving  it,  woSd  not  be  a  bor- 
ing-machine. A  brace  is  on  the  dividing  Une,  if  such 
there  be,  but  is  not  included  under  the  term  boring- 
machines. 

Borers  for  metal,  however,  are  usually  classed  as 
drills,  and  in  the  present  classification  the  bits  and 
tools  for  metal  will  be  classed  as  driUSf  the  means 
for  driving  them  as  drilling-mndnnes,  excepting  the 
largest  class,  which  bore  out  lai^  cylinders,  ord- 
nance, etc.  We  get  back  again  to  the  term  boring 
at  this  point,  despite  our  attempts  to  preserve  the 
unity  of  classification.  These  machines  have  usuidly 
a  boring-bar  or  cutter-bar,  which  occupies  the  axis 
of  the  object  which  is  being  bored,  and  as  three  parts 
are  involved  and  two  motions  required,  several  pos- 
sible transpositions  might  be  anticipated  and  vanous 
trinarv  combinations  actually  exist. 

1 .  The  parallel  shaft  of  the  boring-bar  slides  accu- 
rately in  a  groove  exactly  parallel  with  the  bore  ;  the 
cutting-blade  is  a  small  piece  of  steel  affixed  to  the 
end  of  the  half-round  block,  and  the  cut  is  advanced 
by  a  rack  and  pinion  movement^  actuated  either  by 
the  descent  of  a  constant  weight  or  by  an  automatic 
motion  derived  from  the  prime  mover.  This  is  used 
in  boring  ordnance. 

2.  The  cutter-bar  revolves  without  longitudinal 
motion  on  fixed  centers,  like  a  spindle  in  a  lathe ; 
the  work  is  traversed  longitudinally  past  the  rotating 
cutter,  being  supported  on  a  slide-rest.  This  mode 
requires  that  the  cutter  should  measure  between  the 
supports  twice  the  length  of  the  work  to  be  bored, 
and  the  cutter  to  be  at  the  midlength  of  the  bar. 

3.  The  cutter-bar  revolves  and  also  slides  with  an 
endwise  motion,  the  work  being  at  rest ;  the  bear- 
ings of  the  bar  are  frequently  attached  to  some  tem- 
porary sup^iort  in  the  work  to  be  bored,  as,  for  in- 
stance, a  cast-iron  cross  at  each  end  of  the  cylinder. 
The  crosses  are  bored  exactly  to  fit  the  bonng-bar, 
one  of  them  carries  the  driving-gear,  and  the  bar  is 
thrust  endwise  by  means  of  a  screw  moved  by  a 
ratchet-wheel. 
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In  another  arrangement  the  boring-bar  is  mounted 
in  head-stocks,  much  the  same  as  a  traversing  man- 
drel ;  the  work  is  fixed  to  the  bearers  carrying  the 
head-stocks,  and  the  cutter  ijs  advanced  by  a  screw. 
The  screw  is  then  moved  by  a  ratchet-wheel,  or  by 
the  hand  of  the  workman,  one  tooth  in  each  revolu- 
tion ;  or  else  by  a  system  of  differential  wheels,  in 
which  the  external  screw  has  a  wheel,  sav,  of  50 
teeth,  the  internal  screw  a  wheel  of  51  teeth,  and  a 
pair  of  equal  pinions  drives  these  two  screws  contin- 
ually, so  that  an  advance  of  3*1;  of  a  turn  of  their 
screw,  or  their  difference,  is  equally  divided  over 
one  revolution  of  the  cutter-bar,  as  in  the  feed-mo- 
tion of  the  hand-drilling  machine  with  the  differ- 
ential feed.  This  method  only  requires  the  fixed 
bearings  of  the  cutter-bar  to  be  as  much  longer  than 
the  work  as  the  length  of  the  cutter-block,  out  the 
bar  itself  must  be  more  than  twice  the  length  of  the 
work,  and  slides  through  the  supports. 

4.  The  boring-bar  revolves  upon  fixed  bearings 
without  traversing,  and  it  is  only  needful  that  the 
boring-bar  should  exceed  the  length  of  the  work  by 
the  thickness  of  the  cutter-bloiSc,  of  which  it  has 
commonly  several  of  different  diameters.  The  cutter- 
block,  now  sometimes  10  feet  in  diameter,  traverses 
as  a  slide  on  a  spline  down  a  huge  boring-bar  B^ 
whose  diameter  is  about  30  inches.  The  motion  of 
the  cutter-block  is  caused  by  a  side-screw,  upon  the 
end  of  which  is  a  large  wheel  that  engages  in  a  small 
pinion  fisoRd  to  the  stationary  center  or  pedestal  of 
the  machine.  With  every  revolution  of  the  cutter- 
jjar,  the  great  wheel  is  carried  around  the  fixed  pin- 
ion, and,  supposing  these  to  be  as  10  to  1,  the  great 
wheel  is  moved  Vff  of  a  turn,  and  imparts  an  equiva- 

Fig.  810. 


Cylinder  Borer. 

lent  motion  to  the  feed-screw  that  moves  the  cutter- 
block. 

This  machine  was  invented  by  George  Wright  when 
in  the  employment  of  Boulton  and  Watt,  Birming- 
ham, England. 

A  machine  substantially  the  same,  but  with  a  dif- 
ferent feed  arrangement,  is  shown  in  the  accompany- 
ing illustration. 

The  boring-machine  (Figs.   811  and  812)  has  a 

Fig.  811. 


cutter-head  revolving  with  and  slidincr  on  a  man- 
drel a,  which  is  in  the  axis  of  the  cj^der.  The 
cylinder  L  is  secured  to  the  bed  A  of  the  machine 
in  exact  conformity  to  the  axial  position  of  the  man- 
drel a.  The  mandrel  is  a  hollow  iron  tube  with  two 
opposite  longitudinal  slots,  through  which  the  ac- 
tion of  the  sMdv^cing  apparatus  is  communicated  to 
the  cutter-head  /,  whicn  is  sleeved  upon  the  man- 
drel a.    The  cutter-head  consists  of  two  parts  :  a 

Fig.  812. 


Mandrel  and  CtOter. 

sleeve  JT,  which  fits  upon  the  mandrel,  and  a  head 
/,  which  is  secured  upon  the  sleeve  by  wedges,  and 
has  cutters  inserted  into  notches  in  its  periphery. 
The  sleeve  K  slips  longitudinally  on  the  manarel  a, 
but  is  restrained  from  revolving  on  it  by  two  trans- 
verse bars,  which  act  as  a  splme,  and  also  connect 
the  sleeve  with  a  rack-bar  inside,  by  which  its 
longitudinal  motion  is  effected.  The  rack-bar  rests 
upon  a  roller  B,  and  is  moved  by  a  pinion  N,  to 
wnich  is  connected  a  lever-arm  having  a  weight  P 
on  its  end.  The  cutters  having  been  proved  to  re- 
volve truly,  the  cutter-head  is  advanced,  and  is  kept 

Fig.  818 


CgHnder  Boring-MaehUte. 


SOers^s  Boring-AEU. 

pressed  against  its  work  by  the  weight  of  the  lever, 
which  exerts  a  constant  strain  upon  the  rack.  As 
soon  as  the  lever  has  descended,  it  is  again  raised  by 
hand,  and  this  is  the  only  attention  necessary. 

5.  The  work  is  dogged  to  a  rotating-table,  and  the 
cutter  is  advanced  as  in  Sellers's  boring-mill  (Fig. 
812).  This  is  a  heavy  boring-machine  for  car- wheels 
and  general  work,  fitted  with  universal  chuck  for  all 
sizes  up  to  36  inches  diameter,  and  capable  of  boring 
driving-wheels  6  feet  in  diameter ;  the  cross-head  for 
holding  the  boring-bar  is  counterb^anced  and  ar- 
ranged with  power-feed  and  quick  hand-traverse  in 
either  direction  ;  the  sliding  surfaces  are  kept  clear 
of  chips  which  fall  through  the  face-plate  as  m  mills 
where  the  bar  is  support^  above,  as  in  Fig.  814. 

A  vertical  boring-machine,  expressly  adapted  for 
boring  car-wheels,  yet  also  available  for  many  kinds 
of  miscellaneous  boring.  It  is  so  made  as  to  be  read- 
ily adjusted  for  taper  or  parallel  holes,  has  rack 
and  pinion  feed  with  counterbalanced  bar.  For 
holding  wheels  or  other  work,  a  chuck  is  fitted  to 
the  bed,   which  retains  the  work  in  place  while 
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rig.  814. 


Pig.  816 


Boring- Machine. 

being  operated  upon  by  means  of  iaws  of  the  proper 
shape,  and  monng  independently  of  each  other. 
These  jaws  are  made  of  wrought-iron  case-hardened. 
The  swing  of  the  machine  is  four  feet. 
Fig.  815  shows  a  boring-machine  of  medium  size, 

having  a  horizon- 
Wg.  815.  tal  face-plate  c  on 

which  the  work 
is  dogged,  a  b 
are  the  nests  of. 
pulleys  by  which 
graduated  speed 
IS  ^Ten  to  the 
bormg*  shaft  d. 
The  latter  is  ad- 
vanced to  its  work 
or  retracted  by 
means  of  the 
hand-wheel  g,  or 
the  automatic 
feed -arrangement 
k  may  be  thrown 
into  gear,  k  is 
["  the  handle  acting 
|\  upon  a  pinion  and 
^  rack,  to  raise  or 
lower  the  table  c. 
^  m  is  the  belt- 
shifter. 

Another    form 
Boring'Maehiw.  of      boring  -  ma- 

chine, by  which 
the  turret  of  a  "  Monitor  "  may  be  bored  within  and 
turned  off  without,  is  described  under  Lathe.  Its 
bed  is  a  face-plate  on  a  vertical  axis.  The  tools  are 
held  in  a  cross-slide,  which  is  fitted  to  two  uprights, 
resting  on  cheek-pieces  bolted  to  the  main  casting 
or  foundation-piece. 

6.  The  borer  is  portable,  and  is  dogged  to  the  work. 
The  portable  boring-machine  (Fig.  816)  is  adapted 
to  set  vertically  upon  the  work  in  cases  where  it  is 
easier  to  bolt  the  machine  to  the  work  than  to  dog 
the  work  in  the  machine.  The  base-plate  A  of  the 
drill  is  bolted  to  the  face  of  the  wheel  in  the  exam- 
ple given,  and  is  rotated  by  bevel-gearing  from  the 
axle  of  the  band-wheel  ff.  The  box  D  holds  the 
wheel  on  the  drill-stock  B,  and  the  pinion  which 


Portable  Boring-Maehine. 

drives  it,  and  is  supported  by  legs  C  on  the  bed- 
plate. The  feed  is  by  means  of  an  eccentric  E  and 
rod  connected  by  an  arm  F  to  bevel-gearing  which 
rotates  the  feed-screw,  whose  nut  is  swiveled  in  the 
top  of  the  drill-stock.  A  click  O  engages  the  ratchet- 
wheel  so  as  to  hold  the  latter  during  the  return  mo- 
tion of  the  arm  F.  The  machine  is  slung  by  the 
tackle  above  when  shifting  its  position. 

7.  {JFood-tPorking.)  A  gcmeral  difference  in  the 
style  of  the  tools  between  those  employed  for  wood 
and  those  for  metal  gives  opportuni^  for  distin- 
guishing between  the  two  classes  of  machines,  al- 
though it  must  be  admitted  that  the  modes  of  pro- 
pulsion in  some  machines  of  the  respective  classes 
are  very  similar,  and  that  the  boring  bits  for  hard 
wood  are  much  like  the  drills  for  metal. 

The  one  are  described  as  augers  and  bits;  the 
other  as  drills. 

Fig.  817  represents  a  horizontal  boring-machine 

FlR.  SIT. 


Harixontal  Bonng-BSadkim. 
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for  carpenter's  and  machine  shops,  for  pattern-makers, 
carriage,  piano-forte,  and  all  cabinet  work,  etc.  The 
boring-^aft  runs  in  stationary  boxes ;  the  table  a, 
with  stuff,  slides  up  to  the  bit,  and  is  raised  and  low- 
ered by  a  screw  ana  hand-wheel  b,  as  desired.  The 
boring  and  counter-shafts  have  cone-pulleys  for  a 
change  of  speed.  These  machines  are  arranged  for 
augers  with  round  or  square  shanks. 

The  machine  Fig.  818  is  very  generally  used  for 
car  work,  and  does  a  variety  of  boring  without  the 


Borinfc-Mackine. 

trouble  of  setting  out  for  the  work.  The  carriage  a 
is  12  feet  long  by  1  foot  wide,  is  raised  and  lowered 
by  a  crank-smift  b,  and  screws  c  c,  to  bring  the  work 
to  the  right  position  with  the  bit  d,  and  is  held  in 

Slace  on  the  rear  side  of  the  frame.  The  bit  is 
rawn  up  to  the  work  by  a  bowed  handle  g  on  the 
front  end  of  a  boring  shaft-slide.  The  timber  laid 
upon  the  carriage  is  moved  horizontally  on  iron  rolls 
e,  to  finish  the  work.  The  counter-shaft  has  tight 
and  loose  pulleys. 

8.    The  carpenter* 8  boring-Truichine  simplifies  th< 

»  business  of  making  mortises  by  boring  a  hole  perpen 

dicularly  or  at  any  required  angle.     The  auger  L 

rotated  by  the  double-crank  shaft  and  the  interven 

Fig.  819. 


tion  of  bevel-gearing.  The  auger  feeds  it  into  the 
wood,  but  pressure  can  be  brought  thereon  if  neces- 
sary. The  auger  is  raised  vertically  from  the  hole 
by  throwing  the  rack  at  the  side  in  gear  with  a 
wneel  on  the  crank-shaft,  and  rotating  the  latter. 
The  rack  is  thrown  in  and  out  by  an  eccentric  ;  an 
arrangement  patented  by  Stanley  and  Johnson,  Sep- 
tember 12,  1865. 

Boring-machines  of  various  kinds  are  in  use  in 
bedstead,  frimiture,  and  other  manufactories.  In 
some  cases  the  bits  or 
augers  are  arranged  in 
gangs  in  a  gate  or  slide, 
which  is  slipped  forward 
towards  the  work,  mak- 
ing a  whole  row  of  holes 
of  a  given  depth.  This 
is  the  plan  in  makincr 
the  holes  in  the  round 
bedstead-rails  for  the 
reception  of  the  pegs 
which  hold  the  ropel 

The  bmng-mcuhvM 
for  block-making  con- 
sists of  an  iron  frame  a, 
in  which  the  juggle  b 
is  clamped  by  a  screw, 
which  confines  it  while 
the  borers  c  d  act  up- 
on it.  These  borers  are 
center-bits,  and  act  at 
riffht  angles  to  each 
other,  —  e  to  form  the 
hole  for  the  sheave-pin,  and  d  to  form  a  commence- 
ment for  the  mortise  to  contain  the  sheave.  Each 
bit  is  fixed  in  a  lathe-head  e  e,  and  driven  by  a 
band.  The  head  slides  upon  ways,  so  as  to  feed 
up  to  the  work,  being  advanced  by  a  lever.  The 
ways  have  a  certain  lateral  and  vertical  adjustability 
so  as  to  work  at  the  required  angle  and  hight. 

¥1g.8a0. 


CarpetUer^t  Boring- MacMne. 


Boring-Maekitu. 

Bor'ing-ta^e.  The  platform  of  a  boring-ma- 
chine on  which  the  work  is  laid. 

Bor'ing-tool.  (Metal-working.)  A  cutting-tool 
placed  in  a  cutter-head  to  dress  round  holes. 

Bort  {Diamond-cuUing.)  Small  fragments  of 
diamond,  split  from  diamonds  in  roughly  reducing 
them  to  shape,  and  of  a  size  too  small  for  jewelry. 
Bort  is  reduced  to  dust  in  a  mortar,  and  used  for 
grinding  and  polishing. 
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Bo^shah.  {Fabric.)  A  Turkish-made  silk  hand- 
kerchief. 

Bosh'es.  {Metallurgy.)  The  sloping  sides  of  the 
lower  part  of  a  blast-furnace,  which  gradually  contract 
from  the  belly,  or  widest  part  of  the  furnace,  to  the 
hearth. 

In  a  furnace  55  feet  high  and  88  feet  wide  at 
the  base  of  the!  structure,  the 
Pig.  821.  boshes  will  be  8  feet  in  per- 

pendicular high  t,  12  feet  wide 
at  top  (if),  and  2^  feet  at 
the  bottom  (X),  where  they 
join  the  hearth.  The  boshes 
are  built  of  a  coarse-gritted 
freestone,  abounding  in  small 
nodules  of  quartz. 

The    cut    represents    the 
Jiearth  ff  and  boshes  ^  in  a 
vertical  side -section,     a  is 
the  tymp- stone  and  b  the 
Boshts.  tymp-plate  for  confining  the 

molten  metal  in  the  hearth. 
This  plate,  in  connection  with  the  protecting 
stone  a,  forms  the  front  of  the  hearth,  ana  is  firmly 
wedged  into  the  side-walls  thereof,  c  is  the  dam- 
stone  which  occupies  the  whole  breadth  at  the  bottom 
of  the  hearth,  excepting  about  six  inches,  which 
space,  when  the  furnace  is  at  work,  is  filled  before 
every  cast  with  a  strong  binding  sand.  This  stone 
is  faced  outside  bv  a  strong  cast-iron  plate  dy  called 
a  dam-plate.  The  space  under  the  tymp-plate  is 
rammed  frdl,  for  every  cast,  with  strong,  loamy 
earth  or  fine  clay,  —  a  process  called  tymp-sioppin^. 

A  number  of  newly  invented  puddling  and  boihng 
furnaces  have  iron  floors  and  bashes.  A  current  of 
water  is  caused  to  circulate  in  them  to  prevent  de- 
struction of  the  iron  under  the  extreme  heat. 

Baker's  puddling-fumace  has  a  hollow  cast-iron 
bed-plate  and  bosh,  through  which  water  is  con- 
ducted. 

Williams's  furnace  has  hollow  bridges  with  air- 
chambers  and  water-boshes. 

Kall'b  furnace  has  fire-brick  around  the  iron  1)ed 
against  which  jets  of  water  are  injected  from  tubes. 
Snyder's  furnace  has  a  wrought-iron  bed-plate 
with  brick  boshes. 

Whipple's  furnace  has  a  double  bottom  of  iron. 
The  lower  plate  is  corrugated.  Water  conducted  into 
the  hollow  bed  and  bouies  is  converted  into  steam 
and  conducted  away. 

In  Fig.  822  the  bosh  is  cast  upon  wrought-iron 
pipes  which  will  aiford  circulation  for  water  to  cool 
and  preserve  the  bosh.    The  water-chamber  beneath 

rig.  822. 


Puddling- Furnace 

has  the  same  effect.     The  frx)nt  plate  is  attached  by 
tongues  and  grooves  to  the  bosh,  and  the  fore-plate 
simflarly  attached  in  tJie  front  plates. 
The  material  which  is  banked  up  agajnst  the 


boshes  to  protect  them  from  the  heat  is  called  fixiTig. 
It  consists  of  scrap  and  ore,  and  receives  a  preliminary 
meltine.  One  composition  for  fixing  furnaces  con- 
sists of  finely  pulverized  ore  and  German  day  mad*; 
into  a  paste  ;  and  another  for  the  same  purpose  is  a 
paste  made  by  ^nding  the  ore  and  rendering  it 
plastic  by  moistening  and  working.  BtUl-dog 
(Fr.  trochi)  is  a  decomposed  protosilicate  of  iron  used 
in  England  and  France  for  this  purpose. 

Grout'h  cupola  and  blast-fumaee,  instead  of  fire- 
brick lining  to  the  hearth,  has  hollow  cast-iron 
boshes  united  by  flanges,  forming  chambers  g,  so 
arranged  that  a  current  of  cold  water  may  flow 

Fig.  828. 


BUut-Fumaee  3vf»  BtuAes. 

through  them,  dispensing  with  an  internal  lining  of 
fire-brick  or  other  refractory  substance. 

These  chambers  are  so  arranged  that  they  may 
be  removed  without  disturbing  the  superior  brick- 
work. 

Bo'som.  {Milling.)  A  recess  or  shelving  de- 
pres.sion  round  the  eye  of  a  mill-stone. 

Bo'som-fold'er.    A  plaiting  machine  or  device 
for  laying  a  fabric  in  flat  folds,  suitable  for  a  shirt-  . 
bosom. 

Boos.  1.  {Machinery.)  a.  An  elevated  or  thick- 
ened portion,  usually  around  an  aperture. 

b.  A  swage  or  stump  used  in  shaping  sheet-metaL 

2.  (Architecture.)  In  Gothic  architecture,  the 
protuberance  in  a  vaulted  ceiling  formed  hy  the 

i unction  of  the  ends  of  several  rira,  and  serving  to 
>ind  them  together ;  usually  elaborately  carved  and 
ornamented. 

8.  (Masonry.)  a.  A  mortar-bucket  slung  by  a 
hook  from  the  round  of  a  ladder. 

b.  A  short  trough  for  holding  mortar.  Hung  from 
the  laths  and  used  in  tiling  a  roof. 

4.  (Saddlery.)  The  enlugement  at  the  junction 
of  the  branch  of  a  bridle-bit  with  the  mouthpiece. 

5.  (Ordnance. )  A  plate  of  cast-iron  secured  to  the 
back  of  the  hearth  of  a  traveling-foi^ge. 

6.  (Bookbinding.)  A  metallic  ornament  on  a  book 
side  to  receive  the  wear. 

Boi'sage.  (Architecture.)  Projecting  stones,  such 
as  quoins,  corbels,  roughed  out  before  insertion,  to 
be  finished  in  situ, 

Bos'sing.  (Porcelain.)  Oround-laying  the  sur- 
face of  porcelain  in  an  unfinished  state,  to  form  a 
basis  of  adherence  for  the  color,  which  is  deposited 
by  the  pencil,  by  cotton-wool,  or  by  stencil,  according 
to  the  mode.  The  bossing  is  a  coat  of  boiled  oil,  to 
hold  the  color.  The  oil  is  expelled  by  the  heat  of 
the  enamd-kiln,  and  the  color  vitrified. 
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The  bossing  is  laid  on  with  a  hair-pencil,  and  lev- 
eled with  a  bass  of  soft  leather. 

Bott'ger-w^are.  The  white  porcelain  of  Dres- 
den. Made  originally  by  Bottger,  of  Saxony,  in 
imitation  of  the  Chinese.  It  is  now  made  in  the  old 
castle,  once  the  residence  of  the  Saxon  princes,  at 
Meissen  on  the  Elbe,  16  miles  below  Dresden. 

Bott-ham'mer.  (Flax.)  A  wooden  mallet  with 
a  fluted  face,  used  in  oreaking  flax  upon  the  floor  to 
remove  the  boon. 

Bot'ting.  {Metallurgy.)  Restopping  the  tap- 
ping-hole of  a  furnace  after  a  part  of  its  charge  has 
been  allowed  to  flow  therefrom.  The  plug  is  a  coni- 
cal mass  of  clay  on  the  end  of  a  wooden  b^r. 

Bof  tie.  A  vessel  with  a  relatively  small  neck, 
and  adapted  to  hold  liquids.  In  ancient  times  they 
were  made  of  leather.  The  Psalmist  declares  he 
has  "become  like  a  bottle  in  the  smoke,"  that  is, 
shriveled  and  wrinkled.  It  is  also  advised  by  the 
Savior, — a  metaphysical  meaning  being  couched  in 
the  words,  —  not  to  put  new  wine  into  old  bottles,  as 
they  could  not  withstand  the  action  of  fermentation. 

The  skin-bottles  of  the  E^t  are  made  of  goat-skins ; 
when  the  animal  is  butchered,  its  head  and  feet  are 
cut  off,  and  the  skin  drawn  off  without  ripping.  In 
Arabia  it  is  tanned  with  acacia  bark,  the  hair  being 
left  on  the  outside.  The  several  openings  are  sewn 
up,  and  the  neck,  which  serves  as  a  spout,  is  tied. 
Such  bottles  were  used  by  the  Greeks,  Egyptians, 
and  Romans,  being  mentioned  by  Homer,  Herodotus, 
and  Virgil.  They  are  also  used  to  the  present  day 
in  Spain  and  Sicuy,  and  other  Mediterranean  coun- 
tries ;  they  are  called  dorrocAos  in  Spain,  and  the 
peculiar  flavor  of  marsala  and  some  other  wines  is 
attributed  to  the  skins  in  which  they  were  originally 
brought  to  market. 

Bottles  of  earthenware  are 
usually  made  with  handles,  and 
are  called  flasks.  Cast-iron  bot- 
tles, closed  by  a  screw-plug, 
are  used  for  holding  quicksil- 
ver. Glass  is,  however,  the  ma- 
terial almost  universally  em- 
floyedin  the  bottle  manufacture, 
t  is  generally  of  the  coarsest 
and  commonest  kind,  made  from 
inferior  materials ;  in  fact,  the 
use  of  any  others  for  the  pur- 
pose was  prohibited  in  England  until  a  compara- 
tively recent  period.  Six  persons  are  employed 
in   the    necessary   manipulations ;    one  of    whom 

Fig  824. 


tube,  forming  a  pear-8hax>ed  lump,  when  he  intro- 
duces it  into  an  open  brass  or  cast-iron  mold,  which 
he  shuts  together  by  pressing  a  pedal  with  his  foot, 
and,  holding  the  tube  vertically,  blows  through  it, 
expanding  the  glass  so  as  to  fill  the  concavity  of  the 
mold.  Upon  removing  his  foot  from  the  pedal  the 
two  halves  of  the  mold  open,  turning  upon  a  hinge 
at  th&  bottom.  The  bottle  is  then  removed  and 
handed  to  the  finisher,  who,  by  touching  the  tubu- 
lar neck  of.  glass  hy  which  tie  bottle  adheres  to  the 
pipe,  cracks  it  off 

smoothly    at    the  Fig.  H26. 

month ;  the  fin- 
ished bottles  are 
then  placed  in  the 
annealing  -  furnace 
and  allowed  to  cool 
slowly  for  twenty-, 
four  houi-s  or  more. 
Thiskindof  mold 

S reduces  a  seam 
own  each  side  of 
the  bottle,  causing 
a  rather  unsightly 
appearance.  S^ 
Glass. 

Glass  bottles  were  known  to  the  Romans  of  the 
Empire,  and  are  found  in  Pompeii. 

A  glass  bottle  with  a  capacity  of  112  gallons  was 
blown  at  Leith,  in  Scotland,  about  1747. 

Fig.  825  shows  an  earthen  bottle  from  Peru,  with 

Fig.  826. 


Peruvian  BottU, 


Skin-Bottles. 

dips  the  red-hot  end  of  an  iron  tube  into  the  pot  of 
molten  glass,  turns  the  rod  around  so  as  to  surround 
it  with  glass,  lifts  it  out  to  cool  a  little,  then  dips 
and  turns  it  around  a^;ain,  and  so  on  until  he  has  cd- 
lected  a  ball  of  sufiicient  size  to  form  the  required 
bottle.  He  then  hands  it  to  the  blower,  who  rolls 
the  plastic  lump  of  glass  on  a  smooth  stone  or  cast- 
iron  plate  until  he  brings  it  to  the  very  end  of  the 


Bartkenufore  BotUes. 


two  faces.     The  sectional  view  shows  the  shape  of 
the  neck  and  handle. 


Fig.  826  shows 
a  number  of  an- 
cient bottles.      i 

a  6  c  are  from  1 
Thebes. 

d  is  Etruscan. 

e  is  from  China 

/from  ancient  E| 

Boftle-boot 
leather  case  to  h( 
bottle  while  corki 

Bot'tle-brual 
Ma-ohine'.  A  d 
for  cleansing  the 
rior  of  botties, 
brushes,      fixed 
a   rotating  shaft, 
inserted  into  the 
ties,  and  rotation 
parted  by  means  o 
treadle  b.     The  < 
ator  mav  take  a 
tie  in  each  hand,  cleans- 
ing two  at  once. 


Fig.  827. 


BottU-Bntshing  Machim. 
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Bof  tle-oase  Loom.  A  machine  in  which  the 
wicker  cover  is  placed  upon  demyohiis  and  carboys. 
This  is,  however,  ahnost  entirely  done  by  hand,  and 
is  the  work  of  a  basket-maker. 

BofUe-charg'er.  An  apparatus  for  charging 
bottles  with  a  liq  iiid  under  pressure,  as,  for  instance, 
with  air  containing  carbonic  acid,  and  with  a  gradu- 
ated amount  of  syrup,  a  is  the  vessel  containing 
the  aerated  water  ;  b  the  syrup-cup ;  c  a  pipe  equal- 
izing the  pressure  in  the  vessels  a  and  b.  The  size 
of  the  opening  leading  from  the  cup  b  to  the  common 
nozzle  d  is  adjustable,  and  e  is  the  handle  of  the  fau- 
cet by  which  the  liquid  is  discharged. 


Fig.  828. 


FUc.829. 


Bottle- Charger. 

Bottle-fau'cet  A  faucet  adapted 
to  the  uses  of  a  bottle,  as  in  the  illus- 
tration, where  it  has  a  threaded  hollow  Bottle^ Fhueet. 
stem  to  transfix  the  cork. 
Bof  Ue-fill'er.  See  Bottling- apparatus. 
Bof  tle-clas8.  Bottle-glass  lb  composed  of  cheap 
sand  and  alkali,  and  the  manufacture  has  nothing 
snecial  about  it.  Bottles  were  formerly  made  by 
blowing  and  rolling,  but  since  the  introduction  of 
presses,  blowinfi^  and  molding  have  been  combined. 
The  mass  of  molten  glass  at  the  end  of  the  tube  (pon- 
til)  is  inserted  in  an  iron  mold,  which  gives  the  ex- 
ternal form,  while  the  hoUowness  is  produced  by 
blowing  through  the  tube. 

The  alkalies  used  are  wood  ashes  and  common 
salt.  Common  sand,  gas  lime,  clay,  and  the  refuse 
lime  and  alkali  after  the  manufacture  of  soap,  enter 
into  the  composition  of/rii  for  bottle-^ass.  ' 

Beer  and  wine  bottles  are  blown  in  a  mold.  Ca 
boys  are  blown  by  the  aid  of  steam,  which  is  produce 
by  spirting  a  mouthful  of  water  through  the  blowin, 
tube,  the  end  of  the  tube  being  covered  by  tl 
thumb. 

An  ac^ustable  tool  for  gras 
ing  the  bottle  by  its  base  whi 
finishing  the  top. 

The  disk  b  is  attachable 
the    punty-rod,    and    slotti 
radially  to  receive  the  clam; 
c  c,  which  are  adjusted  to  vaj 
ous  sizes  of  bottles  ;  the  inn 
faces  of  the  clamps  may  1 
either  flat  or  curved,   to  sn 
them  to  hold  bottles  of  var 
ing  shapes  and  sizes. 
See  cut  under  Glass. 
Bot'tle-jaok.    1.  (Culin 
ry.)    A  roasting-jack  of  a  be 
tie  shape,  suspended  in  front  „. 
a  fire,  and  giving  a  reciprocat- 
^  ing  rotation  to  the  meat  which 
'  depends  therefrom.     It  is  op- 
erated by  clock-work  mechan- 
ism. 

2.  A  form  of  lifting-iack,  so 
called  from  its  resembling  a 
BMtie-Hotder.         bottle  in  shape. 


Boftle^old'er. 

Fig.  8ao. 


Fig.  881. 


Bof  tle-mold'ing.  {Glass. )  A  process  adopted 
with  most  kinds  of  merchantable  bottles  of  staple 
kinds.  The  bulb  of  glass  on  the  end  of  the  blow- 
tube  is  partially  expanded,  and  then  placed  between 
the  parts  of  an  iron  mold  which  is  open  to  receive  iL 
The  parts  are  closed  and  locked,  and  the  bulb  then 
expanded  by  the  breath  to  completely  fill  the  mold. 

In  1822,  Rickets,  of  Bristol, 
England,  obtained  a  imtent  for 
a  bottle- molding  apparatus,  com- 
prising a  frame  for  holding  and 
operating  a  bottle-mold.  The 
mold  consisted  of  a  die  for  form- 
ing the  body  of  the  bottle,  ai 
two-part  die  for  forming  its  top, 
and  a  plunger  for  shaping  its 
bottom  ;  these  are  reciprocated 
by  means  of  treadles  and  lev-  , 
ers.  The  frame  is  adapted  to  be 
used  with  dies  of  vanous  sizes 
and  shapes.  The  molten  glass 
is  blown  odt,  so  as  to  fill  the 
mold  in  the  ordinary  way. 

Bot'tle-pmnp.  A  device  for 
withdrawing  the  fluid  contents 
of  a  vessel  without  pouring. 
That  illustrated  comprises  an 
elastic  bulb  A,  having  air  in- 
duction and  eduction  apertures 
E  B,  provided  with  valves  and 
a  curved  pipe  2>,  whose  longer 
branch  is  inserted  into  the  neck 
of  the  bottle,  the  orifico  of  which 
is  closed  by  the  plug  B.  Com- 
pressing the  elastic  bulb  drives 
air  into  the  bottle,  and  expels 
the  liquid  through  the  pipe  and  nozzle. 

Bortle-rack.  The  rests  are  so  arranged  that  by 
inserting  the  bottles  alternately  neck  and  butt,  a 
greater  number  may  be  stored  within  a  given  space. 
The  hinged  frame  is  for  the  purpose  of  securing  the 
bottles  in  place  during  transportation. 

Fig.  882. 


BottU-Rcuk. 

Bof  tle-«crew.    A  corkscrew. 

Bottle,  Bi'phon.  A  bottle  having  a  tube  which 
discharges  the  contents  by  a  pipe  which  reaches  nearly 
to  the  rottom,  so  as  to  eject  liquid,  as  long  as  any 
remains,  unmixed  with  tne  air.  See  Figs.  46,  48» 
pp.  18,  19. 
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*  BoftleHitop'per.  A  device  for  closmg  the 
moaths  of  bottles.  It  usually  consists  of  a  cone  and 
a  means  of  holding  it  in  place  against  the  pressure  of 
the  bottle's  contents. 

In  some  cases  ^  composition  is  substituted  for  the 
cork. 

Fig  883 


Bottle- Stoppers. 

a  has  a  bail  carrying  the  stopper,  and  the  spring 
arms,  which  are  permanently  fixed  in  an  annular  re- 
cess in  the  swellmg  of  the  bottle-neck,  catch  into 
notches  of  the  bail,  and  hold  it  and  the  stopper  se- 
curely. 

b  ia  a  permutation-lock  stopper,  set  on  a  given 
combination,  and  holds  a  cap  over  tJie  stopper. 

6  is  a  hinged  bail,  which  is  attached  to  a  rine  on 
the  neck.  The  latter  has  a  divided  section  which 
allows  it  to  open. 

d  has  a  diagonal  opening  through  the  neck  of  the 
bottle.     The  pressuiv  of  the  gas  is  upon  the  side  of 


the  cork,  and  does  not  tend  materially  to  expel  it. 
The  cork  may  be  ejected  by  a  push,  without  a  oork- 
sci'ew. 

6  is  a  hollow  rubber  ball,  driven  by  the  pressure 
of  gas  against  the  inside  of  the  neck.  Removed  by 
pressure  of  a  rod,  and  floats  on  the  liquid. 

/  is  a  method  of  tying  champagne  corks. 

^  is  a  bottle  having  a  neck  molded  with  an  interior 
annular  recess,  filled  by  a  packing-ring  against  which 
a  glass  ball  is  sustained  by  pressure  of  l£e  gas. 

A  is  a  screw-faucet  which  has  a  packing  against  the 
lower  end,  which  is  depressed  against  a  seat 

i  is  a  simple  bottle-faucet  or  one-way  cock.  It  is 
opened  by  a  key. 

A;  is  a  glass  rod  which  carries  a  packing  around 
its  enlai^ed  head  ;  one  of  its  tapering  ends  guides  ft 
into  its  position  in  the  neck  of  the  bottle. 

^  is  a  hinged  wire  bail  bent  into  U-form,  so  as  to 
be  swung  up  on  to  the  cork  while  the  latter  is  held  by 
the  plunger  of  the  bottling-machine. 

m  is  a  rubber  stopper,  hinged  on  one  side,  and 
held  on  the  other  by  a  catch. 

n  is  a  glass  ball,  seated  on  the  lip  by  ^vity,  and 
restrained  bv  a  cage  when  the  bottle  is  tilted  to  dis- 
chai^  the  liquid. 

0  is  a  stopper  of  rubber  compressed  between  two 
disks  brought  together  by  a  screw,  and  thus  ex- 
panded against  the  inside  of  the  neck. 

^  is  a  bail  hinged  by  a  collar  around  the  bottle-neck, 
and  having  a  screw  which  compresses  the  rubber- 
faced  cap. 

Fig.  884. 


Bottle- Washer 


Bof  tle-wash^er.    A 

interior  of  bottles.  The 
example  consists  of  a 
table  naving  apertures 
B  for  the  insertion  of 
the  necks  of  the  bot- 
tles, into  which  water 
is  forced  by  means  of 
pipes  provided  with 
nozzles  D. 

In  another  form  of 
the  machine  the  bottles 
are  placed  in  a  horizon- 
tal position  between 
base-plates  coated  with  g 
india-rubber  and  stop- 
pers of  the  'same  mate- 
rial. Being  previously 
about  one  third  filled 
with  shot,  eight  bot- 
tles are  arranged  in  a 
circle  around  a  hori- 
zontal spindle,  and 
eight  more  in  a  second 
group  around  the  same 
spindle.  A  rapid  re- 
ciprocating motion  is 
then  given  to  the  spin- 
dle, which  also  turns 
on  its  axis,  so  as  to 
bring  all  parts  of  the 


device  for  cleansing  the 


riir.88S. 


BottHng'Maehine. 


Digitized  by 


Google 


BOTTLING-MACHINE. 


346 


BOUGIE. 


bottle  successively  into  the  lowest  position.  Thus 
16  bottles  are  washed  at  once,  and  at  the  rate  of  45 
gross  per  day.  An  enlarged  form  of  the  machine  is 
used  for  kegs  and  barrels. 

Bof  tling-ma-chine'.  A  machine  for  filling  bot- 
tles and  corking  them.  The  example  (Fig.  834)  is 
constructed  to  fill  with  soda-water  or  with  soda- 
water  and  syrup  combined.  It  first  injects  a  gradu- 
ated amount  of  syrup  into  the  bottle,  and  then  the 
water. 

In  Fig.  836  is  shown  a  bottling-machine  in  which  | 
the  botUe  stands  in  a  metallic  cup,  and  the  lip  is 


Fig.  886. 


Bottling- Maehifu. 

centered  by  the  pressure  upon  it  of  an  inverted  fun- 
nel, depressed  by  a  spring.  The  liquid  is  introduced 
at  the  faucet,  and  the  cork  is  driven  in  through  the 
vertical  tube. 

Bof  tUng-pU'en.  Pliers  specificallv  adapted  for 
fiEtstening  wires  over  the  corks  and  necks  of  bottles 
and  for  cutting  off  the  surplus. 

Bof  torn.  1.  (Fort.)  A  circular  disk  with  holes 
to  hold  the  rods  in  the  formation  of  a  gabion. 

2.  {ShipiorigfUing.)  The  planks  forming  the  floor 
of  a  ship's  hold. 

8.  {Ordnance,)  One  of  the  plates  by  which  ffrepe 
or  canister  is  built  up  into  a  cylinder  suitable  for 
loading  into  the  gun.  Cast-iron  tops  and  bottoms 
for  grape  ;  wrought-iron  for  canister. 

4.  (Machinery.)  Cogs  are  said  to  boUom  when 
their  tops  impinge  upon  the  periphery  of  the  co- 
acting  wneel. 

A  piston  which  strikes  or  touches  the  end  of  its 
cylinder  is  said  to  bottom. 

rig.  887. 
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Bof  tom-diB'oharge  Water-wheeL  A  tur- 
bine from  which  the  water  is  discharged  at  the  bot- 
tom instead  of  at  the  sides.  In  that  illustrated^  the 
stream  is  admitted  horizontally  at  the  sides  into  the 
vertical  buckets  C,  through  which  it  passe^  and 
then  acts  while  descending  upon  incliuecl  buckets  F. 
The  lower  flow  descends  over  the  inclined  buckets  E 
at  the  periphery  of  the  wheel.  The  balanced  gates 
£,  for  admittance  of  water,  are  opened  by  segmental 
racks  on  their  shafts,  which  engage  with  similar  racks 
on  an  upper  wheel. 

Bof  tom-heat.  Artificial  temperature  beneath 
the  surface  of  the  soil  in  a  forcing-house. 

Bot'tom-ing.  1.  (Cfivil  Engineering.)  The  foun- 
dation of  a  road-bed. 

2.  (Railroad  Engineering.)  Ballasting  beneath 
and  around  ties. 

Bot^tom-ing-hole.  {Olass-making. )  The  open 
mouth  of  a  furnace  at  which  a  globe  of  crottm  glnss 
is  exposed  during  the  progress  of  its  manufacture^  in 
order  to  soften  it  and  allow  it  to  assume  an  oblate 
form. 

Bof  tom-lift  {Mining. )  The  deepest  lift  of  a 
mining-pump,  or  the  lowest  pump. 

Bot'tom-plate.  {Printing.)  A  plate  of  iron 
belonging  to  the  mold  of  a  printing-press,  on  which 
the  carriage  is  fixed. 

Bot'toma.    1.  (Mining.)    The  deepest  workings. 

2.  (Metallurgy.)  Heavy  and  impure  metallic  pro- 
ducts of  refining,  found  at  the  bottom  of  the  furnace 
in  some  of  the  stages  of  the  copper-smelting  processes. 

Bottom -tool.  (Wood- turning.)  A  turning- 
tool  havine  a  bent-over  end,  for  cutting  out  the  bot- 
toms of  cylindrical  hollow  work. 

Bouche.  A  cylinder  of  copper  in  which  the  vent 
of  a  piece  of  ordnance  is  drilled.  It  has  an  exterior 
screw-thread  cut  on  it,  so  that  it  may  be  removed 
when  the  vent  becomes  worn,  or  a  new  bouche  sub- 
stituted. 

Bouch'ing.  The  gun-metal  bushing  of  a  block- 
sheave  around  the  pin-hole. 

Booge;  Bowge.  {Nautical.)  A  rope  fastened 
to  the  middle  of  a  sail  to  make  it  stand  closer  to  the 
wind. 

Bou-gie'.  (Surgical.)  A  smooth,  flexible,  elas- 
tic, slender  cylindef,  designed  to  be  introduced  into 
the  urethni,  rectum,  or  esophagus,  in  order  to  open 
or  dilate  it  in  cases  of  stricture  or  other  diseases. 
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Bougies. 

The  slenderer  forms  of  bougies  are  adapted  for  the 
urethra,  the  larger  for  the  rectum,  vagina,  and 
esophagus.  They  are  said  to  have  been  invented  by 
Aldereto,  a  Portuguese  physician,  and  were  first  de- 
scribed by  Amatus,  one  of  his  pupils,  in  1554.  They 
are  made  either  solid  or  hollow,  and  are  sometimes 
medicated.  Pickel,  a  French  medical  professor,  gives 
the  following  recipe  for  their  manufacture  :  3  parts 
of  boiled  linseed-oil,  1  of  amber,  and  1  of  oil  of  turpen- 
tine, are  to  be  melted  and  well  mixed  together,  and 
spread  at  three  successive  intervals  upon  a  silk  cord  or 
web.  The  pieces  thus  coated  are  then  to  be  placed  in 
a  stove  heated  to  150**  F.,  and  allowed  to  remain  for 
12  hours,  1 5  or  16  fresh  layers  of  the  composition  being 
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added  in  succession  until  the  bougies  are  brought  to 
the  required  size.  They  are  next  polished  with 
pumice-stone,  and  afterwards  smoothed  with  tripoli 
and  oil.  In  Paris,  which  is  the  chief  seat  of  the  man- 
ufacture of  these  articles,  one  seventh  of  its  weight  of 
caoutchouc  b  dissolved  in  the  oil,  to  render  the  com- 
pound more  solid.  For  this  purpose  the  caoutchouc  is 
cut  into  slender  filaments  and  added  to  the  hot  oil. 
Each  successive  layer  is  first  dried  in  a  stove,  and 
then  in  the  open  air,  before  another  is  applied.  For 
the  best,  or  uaslie  bougies,  the  process  requires  two 
months  for  its  completion  ;  these  ^ould  war  twist- 
ing around  l^e  finger  without  cracking  or  scaling, 
and  be  capable  of  stretching  without  giving  way, 
but  retract  on  being  let  g^. 

For  hollow  bougies  an  iron  wire  is  introduced  into 
the  axis  of  the  silk  tissue,  and  withdrawn  when  the 
bougie  is  finished.  Some  are  made  with  a  hollow 
axis  of  tin  foil  rolled  into  a  hollow  tube.  They  are 
also  made  entirely  of  caoutchouc,  dissolved  in  sul- 
phuric ether. 

An  armed  bougie  is  one  with  a  piece  of  caustic 
fixed  in  its  extremity. 

Hunter's  bougie  is  a  rolled  piece  of  soft  linen 
dipped,  previous  to  rolling,  in  a  composition  of 

Yellow  wax        ■ 2 

Red  lead 8 

'    Olive-oil 6 

Finish  off  on  a  polished  slab. 

Caoutchouc  bougies  are  made  by  applying  a  solu- 
tion of  india-rubber  to  the  silk  cord. 

Outta-percha  bougies  must  be  made  of  the  best  ma- 
terial, as  their  breaking  in  situ  mav  prove  fatal.  It 
is  better  to  use  a  silk  cord,  covered  with  the  desired 
composition. 

Otis's  htmgie  d  houU  (c)  has  a  rounded  and  elon- 

Sted  head  fixed  on  the  stem,  which  slides  through  a 
-ndle  and  is  held  fast  by  a  set  screw. 

a  is  an  ordinary  bougie. 

h  a  bulbous  bouffie. 

Bonl'der-head.  (Hydraulic  Bngiiieering.)  A 
work  of  wooden  stakes  to  resist  the  encroachment  of 
the  sea. 

Bonl'der-ing  -  stone.  {Metal  -  working. )  A 
smooth  flint  stone,  used  by  cutlers. to  smooth  down 
the  faces  of  glaaers  and  emery-wheels. 

Bonl'der-pavlng.  Paving  with  round  water- 
worn,  boulders,  set  on  a  graded  bottom  of  gravel. 

Bonl'der-waU.  (Masonry.)  One  made  of  boul- 
ders or  flints  set  in  mortar. 

Bonl'tlne.  (Architecture.)  A  convex  molding, 
whose  periphery  is  a  (quarter  of  a  circle,  next  below 
the  plinth  in  the  Done  and  Tuscan  orders. 

Bound.  The  path  of  a  shot  comprised  between 
two  grazes.     See  Ricochet-firing. 

Boan'da-ry-lina  {Shipbuilding.)  The  trace  of 
the  outer  surface  of  the  skin  of  a  ship  on  the  stem, 
keel,  and  stern-post.  It  corresponds  with  the  outer 
edge  of  the  rabbet  in  those  parts  of  the  structure. 

Bonr'don  Ba-rom'e-ter.  The  metallic  barom- 
eter invented  by  Bourdon,  of  Paris,  1849,  consists  of 
an  elastic  flattened  tube  of  metal  bent  to  a  circular 
form  and  exhausted  of  air,  .so  that  the  ends  of  the 
tubes  separate  as  the  atmospheric  pressure  is  dimin- 
ished^  and  approach  as  it  increases. 

In  Fig.  839,  ^  is  a  front  view,  showing  the  hand 
or  indicator  a  and  the  scale  ;  b  and  c  represent  ordi- 
nary mercurial  thermometers  attached  to  the  face. 
^  is  a  back  view,  showing  <£,  the  tube,  secured  at 
its  middle  <;,  and  having  its  ends  connected  by  links 
f  /  to  two  short  levers  g  g,  on  the  same  axis  as  the 
hand  a,  and  operating,  by  means  of  the  link-connec- 
tions, to  multiply  its  motion  as  the  ends  of  the  tubes 
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approach  or  recede.  A  is  an  open  plate  which  may 
be  sprung  apart,  so  as  to  allow  the  adjustment  of 
the  levers  and  hand  to  any  particular  range. 

C  is  a  transverse  vertical  section. 

D  represents  sections  of  various  tubes  which  may 
be  employed. 

The  more  approved  forms  of  steam  and  vacuum 
gaces  are  now  constructed  on  this  principle. 

The  Bourdon  is  commonly  known  as  the  metallic 
baromster,  although  the  aneroid  is  also  metallic,  and 
both  holosteric. 

Bonr-geoiB'.  (Printing.)  A  size  of  type  between 
Brevier  and  Long  Primer. 

Brevier,  112  ems  to  the  foot. 
Bourgeois,  102  ems  to  the  foot. 
Long  Primer,  90  ems  to  the  foot. 

BoQ-tanf .  (ArMtecture.)  An  arc-boutant  is  an 
arch  or  buttress  serving  to  sustain  a  vault,  and 
which  is  itself  sustained  oy  some  strong  wall  or  mas- 
sive pile.     A  flying-buttress. 

"Bow,  1.  (Archery.)  An  instrument  for  pro- 
jecting an  arrow.  It  consists  of  a  strip  of  wood  or 
other  material,  the  ends  connected  bjr  a  string.  The 
bow  is  bent  by  retraction  of  the  stnnfi^,  and  the  re- 
coil imparted  to  the  latter  projects  the  arrow.  In 
its  simple  state,  and  when  large  enough  to  be  used 
for  military,  purposes  or  for  destroying  large  animals, 
it  is  known  as  tne  long-bow  ;  when  mounted  trans- 
versely in  a  stock,  it  is  a  cross-bow.  The  former  is 
exclusively  adapted  for  shootine  arrows  ;  while  bolts, 
or  even  round  projectiles,  may  be  thrown  by  the  lat- 
ter. 

The  long-bow,  owing  to  its  greater  portability  and 
capability  of  rapid  discharge,  was  a  much  more  ef- 
fective weapon  than  the  cross-bow,  and  continued  in 
use  for  a  long  time  after  the  introduction  of  fire-arms. 
The  English  archers,  like  the  Egyptians  in  the  time 
of  Rameses  the  Great,  were  taught  to  draw  the  arrow 
to  the  ear,  instead  of  to  the  shoulder,  as  was  the  prac- 
tice elsewhere,  and  hence  constituted  a  most  effec- 
tive species  of  force  almost  unknown  in  the  other 
armies  of  Europe.     220  yards  from  the  butt  or  tai^t 
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was  the  smallest  distance  allowed  for  practice  by  a 
full-grown  man,  according  to  the  English  archery- 
statutes.  The  cross-bow,  as  used  by  the  Genoese, 
whose  archers  were  in  high  repute  inthe  Middle  Ages, 
was  a  cumbrous  and  heavy  weapon  bent  by  a  small 
windlass,  and  incapable  of  rapid  loading  and  dis- 
chaige. 

For  illustrations  set*  *  *  Iconographic  Encyclopedia,  '* 
"Frost's  Pictorial  Histoiy" ;  and  for  descnptions 
see  "Gibbon's  History"  and  other  works  treating 
of  ancient  and  medieval  military  tactics  and  weap- 
ons. » 

The  use  of  the  bow  is  of  great  antiquity.  Plato 
credits  Apollo  with  the  invention.  Isnmael  became 
an  archer  (Gen.  xxi.  20).  The  Philistine  archers 
overcame  Saul  (1  Sam.  xxxi.  3).  David  command- 
ed it  to  be  taught  (2  Sam.  i.  18).  Aster  of  Am- 
phipolis  shot  Philip  of  Macedon,  and  was  hanged 
therefor.  An  ancient  Egyptian  bow  is  preserved  in 
the  Abbott  Museum,  New  York^  together  with  the 
leather  case  that  contained  it  and  fastened  it  to  the 
war-chariot.  Four  arrows,  made  of  reed  and  tipped 
with  flint-stone,  are  suspended  with  it. 

The  Scythian  bow  was  remarkable  for  its  great 
curvature,  being  nearly  semicircular. 

The  Lycian  bow  was  made  of  the  cornel-tree ; 
those  of  the  Ethiopians  of  the  palm-tree.  The  horn 
of  the  antelope  was  used  in  the  East  for  bows,  at 
least  as  far  back  as  the  si^  of  Tro^,  and  is  still  em- 
ployed for  the  purpose.  The  English  long-bow  was 
made  of  yew  or  asn. 

The  Indian  contingent  of  the  army  of  Xerxes 
had  bows  of  cane  and  arrows  of  cane  with  iron 
points.  They  wore  cotton  dresses.  (Herodotus  vii. 
65.) 

The  arrow-heads  of  the  Ethiopians  were  of  agate 
and  other  siliceous  stones.  "  Pieces  of  stone  of  the 
kind  used  in  engraving  seals." — Ibid. 

The  bows  of  the  Ethiopians  were  of  the  stem  of 
the  palm-leaf. 

Pliny  says  :  **  It  is  by  the  aid  of  the  reed  that  the 
nations  of  the  East  decide  their  wars.  Fully  one 
half  of  mankind  live  under  a  dominion  imposed  by 
the  agency  of  the  arrow."  The  Eastern  reed,  so 
called,  was  a  bamboo. 

Harold,  William  Rufus,  and  Richard  I.  were 
kiUed  by  arrows.  Crecy,  Poictiers,  and  Agincourt 
were  won  by  archers.  The  long-bow  of  that  time 
measured  six  feet,'  the  arrow  three  feet.  The  range 
was  800  to  500  yards. 

In  the  Southwest  of  England  bows  and  arrows 
did  not  finally  disappear  from  the  muster-roll  till 
1599.  The  muskets  were  such  miserable  affairs  that 
in  the  middle  of  the  fifteenth  century  it  took  fifteen 
minutes  to  charge  and  fire  one. 

2.  {Husbandry. )  The  bent  piece  which  embraces 
the  neck  of  an  ox,  the  ends  coming  up  through  the 
yoke,  above  which  they  are  fastened  by  a  key. 

8.  (Machinery.)  An  elastic  rod  and  string  for 
giving  reciprocating  rotation  to  a  drilL  See  Bow- 
drill. 

4.  {Drawing.)  An  elastic  slip  for  describing 
curves.     An  arcograpK 

6.  (Hat-mahing.)  A  piece  of  elastic  wood,  six 
feet  long,  and  having  a  catgut  string  stretched  be- 
tween its  extremities.  The  vibrating  string  operates 
upon  the  felting-hair  on  a  grid  called  a  hurdU,  light- 
ens up  the  fibers,  assembles  them  into  a  bat,  and 
drives  out  the  dust.     See  Bowing. 

6.  (Masonry. )  A  projecting  portion  of  a  building 
of  (.'ircular  or  multangular  plan. 

The  bow-windows  of  English  domestic  architec- 
ture are  known  as  oriels. 

7.  {Vehicles.)    A  bent  slat  to  support  the  hood. 


canopy,  cover,  or  tilt  of  a  vehicle  ;  otherwise  called 
a  slat. 

8.  {Music. )  A  numberof  long  horse-hairs  stretched 
upon  an  elastic  rod,  and  used  to  vibrate  the  strings 
of  instruments  of  the  viol  class. 

9.  {Lock.)  The  loop  of  a  key  which  receives  the 
fingers. 

10.  ( fVeapon.)  The  arched  guard  of  a  sword-hilt 
or  of  the  trigger  of  a  fire-arm. 

11.  {Saddlery.)  The  arched  forward  part  of  a 
saddle-tree  which  straddles  the  horse's  back. 

12.  (Nautical.)  An  old  nautical  instrument  for 
taking  angles.  It  had  one  laige  graduated  arc  of 
90^  three  vanes,  and  a  shank  or  staff.  —  Admiral 
Smyth. 

Bow.    The  fore  end  of  a  ship  or  boat. 

Bow-oom'paas.  (Mathematical  Instrument.) 
For  drawing  curves  of  huge  radius.  It  consists  of 
a  pliable  strip  which  is  bent  by  screws  to  any  curve. 
An  arcograph. 

Bo'W-drilL  A  drill  operated  by  means  of  a  bow, 
the  cord  of  which  is  given  one  or  more  turns  around 
the  handle  of  the  drill,  and  alternate  revolution  in 
opposite  directions  imparted  to  it  by  alternately  re- 
ciprocating the  bow  backward  and  forward. 

The  most  ancient  drill  of  w^ch  we  have  any  au- 
thentic representation  is  the  bow-drill.  The  annexed 
cut  is  from  a  painting  in  a  tomb  at  Thebes,  where 
one  drill  is  shown  in  its  detachable  socket,  and  an- 
other one  disconnected.   So  much  pains  did  the  artist 


Fig.  840. 


Bow-DriU. 

take  to  make  all  plain*  to  the  comprehension  of  the 
spectator  of  future  ages.  It  was  for  such  the^  were 
painted,  as  the  tombs  themselves  were  occuped  by 
the  mortal  remains  which  they  expected  to  be  again 
tenanted  by  the  same  mind  and  souL 

The  various  tools  employed  in  chair-making  are 
shown  in  the  hands  of  tne  workmen  or  hanging  on 
the  wall.  The  saw  and  the  adze  were  the  principal 
shaping-tools.  The  parts  of  the  chair  were  secured 
together  by  tenon  and  mortise,  fastened  hy  wooden 
pins.    See  the  chairs  in  Dr.  Abbott's  collection.  New 
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York  Historical  Society's  Museum.  The  same  col- 
lection has  drill-bows  and  cords  from  S^karah  and 
elsewhere. 

The  modem  bow-drill  is  shown  in  Figs.  841,  842. 
a  in  each  figure  is  designed  to  have  a  back-center  in 
one  of  the  holes  in  the  end  of  the  vise-cheek,  in  which 
case  the  work  is  held  in  the  left  hand  and  the  bow 

Fig.  842. 


Fig.  848. 


Bow-DHOa, 

in  the  right ;  or  the  drill-stock  may  have  a  handle  b 
which  is  grasped  in  the  left  hand,  pressing  the  drill 
upon  the  work,  which  is  on  the  bench  or  in  the 
vise,  while  the  bow  is  operated  by  the  ri^ht  hand. 
Freeman's  drill,  instead 
of  a  bow,  has  a  flat  strip  of 
wood  with  a  facing  of  india- 
rubber,  which  has  sufficient 
frictional  adhesion  to  •  the 
wooden  pulley  on  the  drill- 
stock  to  rotate  it  by  pressure, 
when  the  flat  strip  is  recipro- 
cated like  a  violin  bow. 

Fig.  843  shows  a  pair  of 
pulleys  driven  by  a  catgut 
cord  as  the  bow  is  recipro- 
cated. The  bow-string  is 
wound  around  one  of  the  pul- 
leys, and  the  axis  of  the  other 
is  a  stock  which  holds  the 
drill  a,  and  enables  it  to  be 
presented  at  right  angles  to 
the  length  of  the  stock. 

Bow'er.  (Nautical.)  The 
usual  working-anchors  at  the 
bow,  known  as  best  and  small; 
not  from  any  difference  in  size, 
but  accoraing  to  position. 
The  starboard  is  the  best ;  the  porty  the  small. — 
Admiral  Smyth. 

Bow-fast.  {Nautical)  A  hawser  at  the  bow, 
whereby  a  ship  is  secured  alongside  a  wharf  or  other 
object. 
Bow-file.  A  curved  file.  A*  Riffler. 
Bow-grace.  {Nautical.)  Or  Bon-ffrace.  A  fen- 
der made  of  junk  and  ropes,  lapping  around  the  bow 
as  a  protection  against  floating  ice. 

Bowie-knife.  A  weapon  used  in  the  South  and 
Southwest,  and  named  after  the  inventor,  who  had 
a  taste  in  that  direction,  and  strongly  insisted  upon 
its  superiority  to  the  ordinaiy  stiletto. 

Bow'ing.  {Hat-makiTig.)  A  mode  of  separating 
the  filaments  of  felting-fur,  and  distributing  them 
lightlv  in  an  openwork  frame,  called  a  baakeL  The 
oval  sheet  of  fur  thus  obtained  is  worked  by  pressure, 
and  a  rubbing  jerking  motion,  which  causes  the  fi- 
bers to  interlace  (felt),  so  that  the  sheet  of  napping 
can  be  handled  and  shaped  by  the  succeeding  pro- 
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In  bowing^  the  amount  of  fur  is  weighed  out, 
placed  in  a  wad  on  the  bench,  and,  the  bow  being 
held  over  it,  the  string  is  twanged  by  a  wooden  pin 
in  the  hand  of  the  workman,  so  as  to  pick  up  a  Quan- 
tity of  the  filaments  at  each  vibration,  and  tnrow 
them  on  to  the  basket,  or  wire  screen. 


Fig.  844. 


Bow-in'stm-mentB.  {Sftisic.)  A  term  includ- 
ing that  class  of  stringed  instruments  which  are 
played  by  means  of  a  bow.  The  violin,  violoncello, 
double  bass,  etc. 

Another  class  of  stringed  instruments  is  played  by 
the  fingers  or  plectrum  ;  as  the  guitar,  harp,'  harpsi- 
chord, etc. 

Another  class  is  represented  by  the  piano-forte 
and  dulcimer,  the  strings  being  vibrated  oy  a  ham- 
mer. 

Another  by  the  air ;  as  the  eeblian. 

Bow-i'ron.     (Vehicle.)    The  staple  on  the  side 

Fig.  846. 


Bow~^OH. 

of  a  wagon-bed  which  receives  the  bows  of  the  tilt 
or  cover,  as  in  Fig.  845. 

Bowk'ing.  The  process  of  boiling  in  an  alkaline 
lye  in  a  kier.     Bucking, 

Bowl.  (Knitting-maehine.)  A  roller  or  anti- 
friction wheel,  on  whicli  the  carriage  traverses.  A 
truck,  in  {Nottingham  parlance. 

1.  An  open  vessel  of  segmental  or  frusto-conical 
form,  for  containing  liquids ;  larger  and  proportion- 
ately less  deep  than  a  cup. 

"The  Thibetans  have  no  porcelain,  but  their  pot- 
teries are,  nevertheless,  of  great  excellence.  The  wood- 
en bowls,  which  every  one  carries,  are  made  of  the 
root  of  certain  trees  which  ^w  on  the  mountains 
of  Thibet.  They  are  of  a  simple  but  elegant  form, 
and  have  no  other  decoration  than  a  slight  coating  of 
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varnish,  which  does  not  hide  either  the  natural  color 
or  the  veins  of  the  wood.  Some  of  these  bowls  may 
be  purchased  for  a  few  pence,  and  others  are  valued 

at  one  hundred  ounces  of  silver To  us  they 

seemed  all  alike They  say  that  some  have  the 

power  of  neutralizing  poisons."  (Abbe  Hue's  "Trav- 
els in  Tartary,"  etc.)  Each  Tartai'  carries  hi»bowl 
in  the  bosom  of  his  robe. 

2.  The  hollow  oixin  part  of  anything,  as  of  a 
spoon,  a  tobacco-pipe,  ^tc. 

3.  A  ball  ;  more  particularly,  a  lai^ge  wooden  ball 
used  in  the  sport  of  oowling.- 

Bowline.  {XmUical.)  A  rope  connected  by 
bridles  to  the  middle  of  the  kecfi  of  a  square  sail, 
and  passing  forward,  so  as  to  keep  the  weather-edge 
of  the  sail  well  forward  when  sailing  close-hauled^ 
and  enable  the  ship  to  come  nearer  to  the  wind,  (hi 
a  bowline :  sailing  close  or  dose-hauled. 

Bo'w'line^rrala  {NaiUical.)  The  span  which 
connects  the  bowline  to  several  cringles  on  the  leech 
of  a  square  sail. 

Bo'wiiiie-knot.  (NauticaZ. )  A  peculiar  knot 
by  which  bowline-bridles  are  fastened  to  the  crin- 
gles.    See  Knot. 

Bow-lines.  {Shipbuilding.)  Curves  represent- 
ing vertical  sections  of  the  bow-end  of  a  ship. 

Bo'wl-ma-chine'.  A  machine  for  making  wooden 
bowls. 

The  solid  cylindrical  blank  is  clutched  by  the  rear 
end  in  the  lathe,  and  its  forward  end  turns  in  the 

Fig.  846. 


Bouji-Maehine. 


cylindrical  rest  E,  which  is  adjustable  longitudinally, 
and  gives  fulcrum-bearing  to  the  lever  F  canying 
the  curved  cutting-tool  O.  The  blank  is  rotated  and 
the  bowl  cut  by  sweeping  the  lever  around  a  curve  of 

90^    Theneces 


Fig.  847. 


sarily  increased 
thickness  of  the 
bottom  gives  op- 
portunity to  re- 
move a  plano- 
convex disk  to 
form  a  flattened 
bottom. 

Bow-net 
{Nautical.)  A 
lobster-trap 
made  of  two 
round  wicker- 
baskets,  one 
thrust  within 
the  other,  and 
having  a  lip  to 
oppose  the  re- 
turn of  the  fish. 

Bow-pen. 
{MaUiematical 
instrument.) 
A  form  of  com- 


paases  for  the  finer  and  more  minute  parts  of  me- 
chanical and  architectural  drawing.  The  legs  are 
opened  by  the  elasticity  of  the  bow,  as  the  nut  a  is 
receded  on  the  screw  b,  and  are  approached  by  the 
contrary  motion  of  the  nut.  It  is  a  small  pair  of 
compasses,  and  may  be  of  similar  construction  to  the 
larger ;  that  is,  thq  legs  may  be  \inited  by  a  rivet, 
dispensing  with  the  bow.  Some  of  them  have  shift- 
ing legs,  so  as  to  substitute  pen,  pencil,  the  ordinary 
point,  or  the  needle-point.  They  then  lack  all  the 
specialties  of  the  bow-pen  except  size. 

C  (Fig.  847)  shows  a  revolving  bow  pen  and  pen- 
cil, so  called,  although  the  bow  is  absent.  The  pen 
c  and  pencil  d  are  at  the  respective  ends  of  a  leg 
which  rotates  on  an  axis  e  to  bring  either  into  posi- 
tion. 

^  is  a  spring  bow-pen. 

B  a  spring  boic-pendL 

Bow-pen'oiL  A  form  of  compasses  of  the  small- 
er kind  which  are  capable  of  delicate  adjustment  for 
describing  minute  circles  and  arcs  of  small  radius. 
The  mode  of  adjustment  is  similar  to  the  bow-pen. 
It  is  also  tolerably  evident  from  the  figure.  A  black 
lead-pencil  pared  down  to  a  small  size,  or  the  lead 
from  a  pencil,  is  clamped  in  the  socket,  and  is  ad- 
vanced as  it  weai-s  or  is  shaved  away  in  sharpening. 
See  Bow-pen,  B. 

Bo^^-pin.  {Husbandry.)  A  cotter  or  key  for 
holding  in  place  the  bow  of  an  ox-yoke. 

Bow-ea^^.  A  saw  having  a  thin  blade,  kept 
taut  by  a  straining  frame  in  the  manner  of  a  bow  and 
string.  A  siveep-saw  or  turning-saw.  See  Frame- 
saw. 

Bow'sprit.  {Nautical.)  A  spar  projecting  for- 
ward from  the  bows  of  a  vessel.  It  supports  the  jib- 
boom  and  flying  jib-boom,  and  to  it  ana  these  spars 
the  fore-stay,  fore  toimiast-stay,  etc.,  are  secured.  It 
is  tied  down  by  the  oobMxiys  and  by  the  gammoning. 
It  is  stayed  laterally  by  the  bowsprit-shrouds.  It 
rests  upon  the  stem  and  the  apron. 

The  part  which  rests  on  the  stem  is  the  bed  ;  the 
inner  part  from  that  point  is  the  housing  ;  the  inner 
end  is  the  hul ;  the  outer  end  the  head  or  bees-seat- 
ing. 

The  gammoning  is  the  lashing  by  which  the  bow- 
sprit is  secured  to  the  hnee  of  the  head. 

The  7nnrtingale  is  a  spar  depending  from  the  bow- 
sprit-end, and  is  used  for  reeving  the  stays. 

The  heel-chain  is  for  holding  out  the  jib-boom,  and 
the  crupper-chain  for  lashing  it  down  to  the  bowsprit. 

The  bowsprit  has  — 


Hed. 

.   Bobstays. 

Head. 

Shrouds. 

Fiddle  or  bees. 

Martingale. 

Chock: 

Dolphin-striker. 

Gammoning. 

Bowsprits  are  standing,  that  is,  permanent,  as  in 
lai^  vessels  or  sloops  ;  or  running-in  bowsprits,  as 
in  cutters. 

BowHitring  Bridga  One  in  which,  the  hori- 
zontal thrust  of  the  arch  or  trussed  beam  is  resisted 
by  means  of  a  horizontal  tie  attached  as  nearly  as 
possible  to  the  chord-line  of  the  arch. 

Girders  and  beams  have  also  been  constructed  in 
the  same  way.  The  arched-beam  roof  of  the  New 
York  and  Harlem  Railway  Depot,  New  York,  illus- 
trated opposite  to  page  139,  is  of  this  character. 

The  roadway  forms  a  chord,  and  is  supported  by 
tension-rods  from  the  arches  which  span  the  space 
between  abutments. 

The  Howslett  bridge,  erected  by  Mr.  Leather,  has 
a  span  of  152  feet ;  versed  sine,  SS  feet ;  hight 
above  water,  43  feet ;  width,  33  feet ;  cost,  £4,200. 
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Fig.  848. 


Bow-Siring  Bridge  at  HowsUtt,  Ertgland. 


Bo^^-string  Qird'er.  A  how-string  girder  cou- 
sists  of  an  arched  beam  resisting  thrust ;  a  horizon- 
tal tie  resisting  tension  and  holding  toother  the 
ends  of  the  arcned  rib  ;  a  series  of  vertical  suspend- 
ing-bars  by  which  the  platform  is  hung  from  the 
arched  rib  ;  and  a  series  of  dia^nal  braces  between 
the  suspending  bars.     See  previous  article. 

Bow^'teL  {ArchiUcture.)  The  shaft  of  a  clustered 
pillar,  or  a  shaft  attached  to  the  jambs  of  a  door  or 
window. 
Bow'telL  (ArchiUcture.)  A  plain  circular  mold- 
Box.  A  receptacle  in  which  something  else  is 
held  or  contained,  frequently  deriving  its  specific 
name  from  the  article  it  is  intended  to  contain ; 
sometimes  from  its  mechanical  purpose  or  associa- 
tion, or  its  material. 

Axle-box.  Pepper-box. 

Ballot-box.  Plant-box. 

Cartridge-box.  Post-office  box. 

Fare-box.  Railway-car  axle-box. 

Fruit-box.  Resistance-box. 

Hat-box.  Signal-box. 

Journal-box.  Stuffing-box. 

Letter-box.  Thread- box. 

Match-box.  Ticket-box. 

Paper-box.  Wheel-hub  box. 

The  more  important  of  these  will  be  considered 
under  their  alphabetical  heads. 

The  boxes  of  ancient  E^pt  were  made  with  great 
neatness,  the  lids  being  hinged  in  various  ways  and 
well  fitted.  In  the  Abbott  Museum,  New  York 
City,  and  in  other  collections,  are  many  specimens.. 
For  example  :  — 

Carved  mummy-cases  built  up  of  parts  doweled 
together,  or  of  single  blocks,  forming  the  case  and 
lid  respectively,  hollowed  out  by  ^he  adze  and  scor- 
per. 

Boxes  carved  in  the  shape  of  cats,  and  hollowed 
out  to  receive  mummies  of  those  animals.  The 
cases  are  painted  and  have  glass  eyes. 

Boxes  carved  like  scara^i,  and  used  to  contain 
unguents.  Others  bored  like  reeds,  to  hold  the  kohl 
used  to  blacken  the  eyelids,  as  in  the  days  of  Jezebel. 

The  boxes  have  sliding  or  hinged  lids  in  great  va- 
riety, and  some  of  them  in  excellent  taste.  They 
are  .made  of  wood,  stone,  bone,  marble,  porcelain, 
hippopotamus  tooth,  etc.,  and  are  inlaid,  carved, 
painted,  and  decorated  vdth  ornaments. 

2.  {Mcu:hinery.)  a.  A  journal-bearing.  It  usu- 
ally consists  of  two  brasses  with  semi-cylindrical 
grooves  ;  one  piece  rests  upon  the  journal,  which  lies 
in  the  other  piece.  See  Pillow- blook  ;  Axle-box  ; 
Car-axle. 

b,  A  chamber  in  which  a  valve  works. 

c.  See  Stuffino-box. 

3.  {HydratUica. )  a.  A  pump-bucket.  A  hollow 
plunger  with  a  lifting-valve. 

b.  The  upper  part  of  a  pump-stock. 


4.  (LockamUhing.)  The  socket  on  a  door-jamb 
which  i-eceives  the  bolt. 

5.  A  drain  with  a  rectangular  section. 

6.  A  square  notch-  cut  into  a  sugar-tree  to  start 
and  catch  the  sugar-water  (in  the  West)  or  the  mip 
(in  the  Eastern  Stotes).  It  is  considered  more  waste- 
ful of  the  timber  than  tapping  with  the  gouge  or  the 
auger. 

7.  {Weaving,)  a.  The  pulley-case  of  a  draw-loom 
on  which  rest  the  small  rollers  for  conducting  the 
tail-cords. 

b.  The  receptacle  for  the  shuttle  at  the  end  of 
the  sked. 

8.  {Printing.)  A  compartment  in  a  ease  appro- 
priated to  a  certain  letter. 

9.  {Founding.)  A  flask  or  frame  for  sand-molding. 

10.  {Vehicle.)  a.  The  iron  bushing  of  a  nave  or 
hub.    See  Axle-box. 

b.  The  driving-seat  of  a  coach  or  close  carriage. 

11.  {Viae.)  The  hollow  screw-socket  of  a  bench- 
vise. 

Box  and  Tap.  {Machinery.)  A  device  for  cut- 
ting wood  screws  for  carpenters'  benches,  clamps, 
bedstead-rails. 

Box-beam.  {Metal-working.)  A  beam  ef  iron 
plates  secured  by  angle-iron,  and  having  a  double 
web  forming  a  cell.     See  Girder. 

Box-car.  {Railroad  Engineering.)  A  dosed  car 
intended  for  freight. 

Box-drain.  (Hydraulic  Engineering.)  An  un- 
derground drain  built  of  brick  and  stone,  and  of  a 
rectangular  section. 

Box-^rama  {Carpentry.)  A  casing  behind  the 
window-jamb  for  counterbalance-weights. 

Box-%ird'er.  {Building.)  An  iron  beam  made 
of  boiler-plate,  tlie  four  sides  riveted  to  angle-iron. 

Box'ing.  1.  (Joinery.)  The  casing  of  a  window- 
frame  into  which  inside  shutters  fold. 

2.  (Shipwrighting.)  The  scarf-joint  uniting  tlie 
stem  with  the  keeL 

8.  ( Wood-working.)  The  fitting  of  the  shoulder 
of  a  tenon  in  the  surface  of  the  tlmoer,  which  is  mor- 
tised for  the  i-eception  of  the  tenon. 

4.  A  mode  of  cutting  a  deep  and  hollow  notch 
into  sugar  or  pine  trees  to  catch  the  flow.  The  notch 
differs  m  the  respective  cases,  but  in  each  a  piece  is 
boxed  out,  and  the  process  thus  differs  from  tne  bor- 
ing or  tapping  of  the  m&ple  and  from  the  hacking  of 
the  pine. 

Box-i'ron.  A  hollow  smoothing-iron,  heated  by 
a  hot  iron  within. 

Box-key.  An  upright  key,  used  for  turning  the 
nuts  of  large  bolts,  or  where  the  common  spanner 
cannot  he  applied. 

Box-lock.  {LockamUhing. )  A  rim-lock  fastened 
to  the  side  of  a  door  without  mortising. 

Box-mak'lng  Machine'.  One  in  which  the 
bottom,  side,  ana  end  pieces  are  set  in  place  and 
their  nails  ^driven  by  advancing  punches,  which 
sink  them  into  place. 
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Boz-met'aL  For  bearings :  copper,  82  ;  tin,  5. 
Strubing's  :  •  zinc,  76  ;  tin,  18  ;  lead,  4.5  ;  anti- 
mony, 2.5.     See  Alloy. 

Boz-o'pen-er.  (Carpejitry.)  A  tool  with  a 
forked  claw  and  a  hammer-head,  for  tearing  open 
boxes  by  lifting  their  lids,  drawing  nails,  etc.  Some 
combination  tools  hare  also  a  pincher  and  screw- 
driver. 

Box-pLaif  ing.  A  device  to  fold  cloth  alternately 


in  opposite  directions,  forming  box-plaits  on  one 
side.  Two  plaiters  Q  U,  one  located  directly  above 
the  other,  reciprocate  alternately  in  the  direction  of 
the  feed-movement,  and  a  third  plaiter  /S^,  with  a 
trough-like  mouth,  and  containing  the  cloth  to  be 
laid  in  box-plaits,  reciprocates  also  in  the  direction 
of  the  feed,  and  has  also  a  rising  and  falling  move- 
ment, so  as  to  bend  the  cloth  carried  by  it  first  over 
one  plaiter  and  thf  n  under  the  other.     Each  time  a 


Fig.  849. 


(-r\r\rkr\i\r\n 


Btfx^Plaiting. 


fold  is  so  formed,  it  is  caught  and  secured  by  the 
needle-thread,  and  the  material  is  moved  along  by 
the  feed  for  a  new  plait. 

Boz-Bcrap'er.    (Garpentry.)    A  tool  for  erasing 
names  from  boxes.     It  is  a  mere  scraper  with  an 

Fig.  860. 


•edge  presented  obliquely,  or,  as  in  the  example, 
works  after  the  manner  of  a  spoke-shave. 

Boz-eet'ter.    {PFheelvmgfUing.)    A  device  for 
setting  axle-boxes 
Ig*  861.  in  hubs  so  as  to  be 

(  .  perfectly  true.     In 
^  the    example     the 
<|  wheel  is  poised  on, 
^^  its    axis,    and 
clamped    by   jaws 
above    and    below 
the  hub.     Its  rim 
is  held  by  ^ppers 
on    radial    oars 
which     hold     the 
wheel  against  sta- 
tionary bearings  in 
a  plane  perpendic- 
ular to  the  axis  of 
the  boring-spindle. 
The  latter  is  mount- 
ed in  the  sockets, 
and  carries  cutters, 
which  are  fastened 
in  a  mortise  in  the 
spindle  by  means 
of  a  sleeve,  screw- 
nut,  and  screw. 
Boz-Sez'tant. 
Box-Setter.  A  small  sextant  in- 

closed in  a  circular 
frame.  Used  principally  for  triangulating  in  mili- 
tary reconnoisance,  etc.  It  is  on  the  principle  of  the 
ordinary  sextant,  having  mirrors  for  bringing  the  re- 


flected and  di-  Fig.  862 

rect  images  of 

an  object  into 

coincidence  as 

a    means   of 

measuring 

their   angular 

distance.    See  [ 

Sextant. 

Box -slip.  I 
{Plane.)     A 
slip  of  box  in- 
laid    in      the  Box- Sextant. 
1)eechwood  of 

a  toncrueing,  grooving,  or  molding  plane,  in  order 
that  ute  edge  or  the  quirk  may  possess  greater  dura- 
bility. The  edges  and  quirks  are  rabbets  or  projec- 
tions, which  act  as  fences  or  gages  for  depth  or  dis- 
tance. 

Box-Bta'ple.  {Oarpentry.)  The  box  or  keeper 
on  a  door-post,  into  which  is  shot  the  bolt  of  a  lock. 

Box-Btrap.  (Machinery.)  A  flat  bar,  bent  at 
the  middle,  to  confine  a  square  bolt  or  similar  ob- 
ject. 

Box-tum'ing  Ma-ohine'.  (Turning.)  A  lathe 
specifically  adapted  for  turning  wooden  boxes  and 
hds,  for  matches,  spices,  or  omer  matters.  Such 
lathes  have  convenient  chucks,  rests  for  the  side- 
turning  and  for  the  bottoming  tool  which  gives  the 
flat  bottom. 

Boy'au.  (Fort,)  A  trench  of  zigzag  form,  to 
avoid  an  enfilading  fire,  leading  from  one  paralld  of 
attack  to  another,  or  to  a  magazine  or  other  point. 

Brace.  1.  {Carpentry.)  A  diagonal  stay  or  scant- 
ling, connecting  the  horizontal  and  vertical  members 
of  a  truss  or  frame,  to  maintain  them  at  a  prescribed 
angular  relation. 

2.  (Printing.)  a.  A  printer's  sign ;  a  crooked  line 
connecting  several  words  or  lines  ;  vicU,  "^^^^ 


Carriage'  Brace. 
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b.  The  stays  of  a  printing-press,  which  serve  to 
keep  it  steady  in  its  position. . 

8.  (  Vehicle.)    a.  An  iron  strap  passing  from  the 
head-block,      behind 
Fig.  864.  and  below  the  axle, 

and  forward  to  an- 
other portion  of  the 
running-gear. 

6.  A  jointed  bat  by 
which  the  bows  of  a 
carriage- top  are  kept 
asunder,  to  distend  the 
can'iage-top  cover. 

e.  A  thick  strap  by 
which  a  carriage-body 
is  suspended  from  C- 
springs. 

4.  [Boring-  Tools. ) 
a.  {Wood-work- 
ing,)  A  revolv- 
ing tool-holder, 
one  end  of  which 
is  a  swiveled 
head  or  shield,  which  rests  in  the  hand  or  against 
the  chest  of  the  operator ;  at  the  other  end  is  a 
socket  to  hold  the  tool.  Called  also  a  stock,  more 
particularly  in  metal-working. 

The  varieties  of  the  instrument  principally  hinge 
upon  the  mode  of  attaching  the  bit. 
Varieties  depending  upon  other  differences  are :  — 
Angle-brace  ;  a  comer  drill. 
Orank-brace  ;  the  usual  form. 
Haiid-bra/x  ;  with  a  swiveled  breast-plate. 
Lever-brace;  worked  with  an  oscillating  lever,  usu- 
ally having  a  ratchet  motion.    See  Ratchet- drill. 
6.  {Machinery.)  The  angle-brace  isnsedin  places, 
such  as  angles,  where  there  is  not 
Fig.  866.        room  to  revolve  the  handle  of  th'e 
"      y  brace.     The  drill -stock  a  is 
by  means  of  bevel-pinions  c  c, 
bv  a  crank  d.     Speed  may  be 
ed  by  changeable  gearing,  va- 
the  relative  sizes  of  the  two 
i^heels. 

is  sometimes  called  the  French 
md  when  made  of  metal  with 
-center  and  feed-screw,  it  is 
El  corner-drill,  being  driven  by 
and  bevel-gearing  as  before, 
Lving  a  capacity  for  reaching 
where  the  ordinary  brace-han- 
ild  not  be  revolved. 
hand-brace  (Fig.  856),  other- 
wise the  crank-bra4x^  has  a 
^  socket  for  the  bit,  a  crank 
for  revolving  it,  and  a  swiv- 
An^-Brac€.  eled  head  for  the  pressure 

of  the  hand  or  the  breast 
of  the  workman. 

The  machinist's  brace  depends  upon  a  rigid  bear- 
ing for  the  back-center  a  and  a  feed-screw  6  for  keep- 
ing it  to  its  work,  the  requirements  being  far  beyond 
the  pressure  that  can  be  given  to  a  swiveled  head  by 
the  breast  of  the  workman.  A  sleeve  c  upon  the 
handle  rotates  on  the  stock  as  the  tool  revolves. 

An  extension -shank  is  used  as  a  temporary  addi- 
tion to  the  length  of  the  tool,  to  enable  the  latter  to 
reach  deep-seated  parts.  The  tang  d  fits  into  the 
socket  c  of  the  brace,  and  the  tang  of  the  drill  into 
the  socket  g  of  the  extension-piece. 

6.  (Nautical.)  A  rope  passing  from  the  end  of 
the  yard  to  another  mast,  and  serving  to  trim  the 
yards  fore  and  aft. 

6.  (Shipwrighting.)  One  of  the  eye-bolts  on  which 


Fig.  857. 


Hand-Bnue. 


Machinist's  Bmes. 


The  gudgeons 


Fig.  868. 


the  hooks  of  the  rudder  are  secured, 
or  googings. 

7.  (Music.)  One  of  the  cords  of  a  drum  by  which 
the  heads  are  stretched. 

8.  (Mining.)     The  mouth  of  a  shaft. 

9.  A  stay  for  a  trtink-lid  or  similar  duty. 
Brace-dHll.    (Metal-toorking.)    A  boring -tool 

shaped  like  a  bi-ace,  having  a 
tool  rotated  by  the  revolutioa 
of  the  handle.  In  the  exam- 
ple, the  motion  may  be  con- 
tinuous or  reciprocating  rota- 
ry, the  swinging  portion  being 
connected  to  the  cutter-stock 
by  a  pawl  on  the  former  and 
ratchet  on  the  latter. 

The  ratchet  -  head  of  the 
brace  is  attachable  to  a  lever 
to  form  a  swin^-brace  or  a 
rotary  brace-frame. 

Brace-pen'dant.  (Nau- 
tical.) A  short  pendant  from 
the  yard-arms,  to  hold  the 
brace-block. 

Brac'ing-ohaixL  (Vehi- 
cle.) The  chain  which  ties 
together  the  sides  of  a  wagon, 
to  prevent  the  load  from 
breaking  them  apart.  Used 
especially  in  wood  and  freight 
wagons. 

Brack'et  A  lateral  pro- 
jection from  a  wall,  post,  or 
standard,  to  strengthen  or 
support  another  object ;  to 
strengthen  an  angle  ;  to  support  a  heavy  cornice  or 
an  entablature. 

Of  the  parts  of  a  bracket,  — 

a  is  the  sole. 

b  the  loall-plate. 

c  the  rib. 

d  tk  snug  ov  flange.     See  Fig.  859. 

This  description  of  support  is  also  adapted  for 
shelves,  coves,  soffits,  and  seats. 

1.  (Machinery.)  The  shafling-braoket  (Fig.  859) 
is  a  hanger  which  contains  the  journal  for  shafting. 
e  is  the  pedestal,  supported  by  the  extended  arms//, 
which  are  bolted  to  the  joists  of  the  ceiling,  g  g  Me 
the  parts  of  the  boxing  which  are  in  imm^ate  con- 
tact with  the  shaft. 

Brackets  for  shafting  are  known  by  different  names, 
according  to  stnicture  and  position. 


Braee-DrHL 
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Bnukeu. 

Pendent  brackets  or  hangers,  wheu  the  shafting  is 
suspended  from  the  ceiling.        ^ 

tyall'bracketSf  when  fixed  against  a  perpendicular 
'  wall. 

fFall-boxeSt  when  the  shaft  paases  through  a  wall 
or  partition  furnished  with  a  hearing. 

Pedestal-brackets,  when  the  support  rises  from  a 
foundation  or  bed-plate. 

2.  {ArckUecture.)  a.  An  or- 
nament in  the  shape  of  a  con- 
sole, standing  isolated  upon  the 
face  of  a  wall. 

6.  Roof-hrackets  are  placed 
beneath  the  eave  or  the  pro- 
jection at  the  gable,  and  have 
shapes  conforming  to  the  style 
of  the  architecture  or  the  ne- 
cessities of  their  position.  In 
some  cases  the  bracket  is  so 
prominent  a  feature  in  the  or- 
namentation as  to  confer  the 
^  name  on  the  style  ;  thus  we 
vevA  of  t\iQ  bracketed  style.  See 
works  on  architecture. 
8.  A  projecting  de- 
vice for  supporting  a 
lamp,  etc. 

4.  A  gas-fixture  pro- 
■^y^/^-^<-^:/c'    .'?  jecting  from  the  face 

of  a  wall. 

5.  {Ordnance.)   The 

ng.  881. 


8.  (Printing,)  Signs  ("[  ]**)  used  to  inclosea  word 
or  sentence,  to  isolate  it  from  the  other  matter.  JTie 
bracketed  portion  may  be  a  note,  prot^  explanation, 
authority,  reference,  comment,  rectification,  inter- 
polation, quer}',  emphasis,  etc. 

Braok'et-orab.  A  hoisting  apparatus,  designed 
for  attachment 

to  a  post,  wall,  Fls.8(B. 

etc. 

In  the  draw- 
ing the  chain- 
drum  is  shown 
joomaled  in  a 
frame  a,,  at- 
tached by  bolts 
to  the  post  6, 
and  is  turned 
by  the  handle 
c.  The  tackle 
is  shown  as  a 
sin'gle  whip, 
the  chain  M- 
ing  rove 
through  the  \ 
single -sheave  | 
block  d. 

Brack'et-  , 
ing.  A  skele-  , 
ton  support  for  , 
moldings.  This 

plan    is    com-  Bracket'Oab, 

monly  adopted 

in  making  the  arches,  domes,  sunk  panels,  coves, 
pendentive  work,  etc.,  at  the  upper  parts  of  apart- 
ments.  The  brackets  are  got 
out,  of  the  required  contour,  PJg-  868. 

nailed  into  position,  and  form 
a  basis  for  the  reception  of 
the  lath  and  plastering. 

In  domed  work,  spherical 
bracketing  is  the  forming  of 
bmckets  to  support  lath  and 
plaster  work,  so  that  the 
surface  of  the  plaster  shall  Batketing. 

form  the  surface  of  a  sphere. 

Spheroidal  bracketing  is  the  bracketing  prepared 
for  a  plaster  ceiling  whose  surface  is  to  form  that  of 
a  spheroid. 

Brack'et-shelf.  A  form  of  console  for  support- 
ing a  pier-glass  or  other  object. 

Fig.  861 


iMtnp^Bfiuxtt* 

cheek  of  a  mortar-bed,  or  the  carriage  of  a  ship's  or 
casemate  gun. 

6.  (Shipbuilding.)     A  timber-knee  in  a  ship's 
frame,  supporting  the  gratings. 

7.  (Steani'Engiive.)    a.  The  pieces  by  which  the 
boiler  of  a  locomotive  is  maintained  in  iKwition. 

b.  The  pieces  which  hold  and  guide  the  slide-bars. 


BroAit  Skeiftmd  Drawer. 

Brad.  A  thin,  square-bodied  nail,  whose  head 
has  a  lip  on  one  side  only.    See  Nail. 

Brad'awL  (Jainery.)  A  small  boring-tool  with 
a  chisel-edge.  Used  for  opening  holes  for  the  inser- 
tion of  nails. 

BradHiefter.    (Joinery.)    A  tool  which  grasps 

Fig.  866. 


Brad-Set  ur. 
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a  bmd  by  the  head,  and  by  which  it  is  driven  into 
its  appointed  phice. 

Braid,  (fabric.)  A  narrow  woolen  woven  goods, 
used  for  binding. 

Among  the  materials  used  for  bonnet-braid  may 
be  mentioned,  — 


Bass  or  linden  bark. 

Cotton  thread. 

Flax  thread. 

Hemp. 

Horse-hair. 

Palm-leaf. 

Wool  thread. 


Worsted  thread. 

Linen  thread. 

Straw. 

Chip. 

Paper  strips. 

Wood  splints. 

Miyiuga. 


Braid'er.  A  sewing-machine  attachment  provided 
with  an  oi)ening  to  guide  and  lay  a  braid  on  the 
cloth  under  the  action  of  the  needle.  The  braid- 
guiding  opening  may  be  in  the  presser  and  in  ad- 
vance of  the  needle-hole,  or  in  the  cloth-plate,  or  in 
a  separate  attachment  secui-ed  to  the  cloth-plate. 

Fig.  806. 


Btttider. 

See  * 'Sewing-Machine  Attachments,**  G.W.  Gregory, 
Washington,  D.  C.  In  the  example,  the  guide  is 
attachable  to  the  ^resser-foot  of  a  sewing-machine^ 
the  object  is  the  increased  facility  for  guiding  the 
braid,  especially  in  laying  it  in  curved  directions  on 
the  cloth ;  also  the  concave  foim  of  the  groove,  in 
connection  with  the  pressure  of  the  spring  on  the 
braid,  tending  to  keep  the  braid  within  the  groove, 
and  prevent  its  passing  to  one  side  thereof. 

Braid'ing-ma-ohUie'.  A  machine  in  which  a  fab- 
ric is  made  by  the  lajring  up  of  three  or  more  threads 

by  a  plaiting  pro- 
Fig.  867.  cess.       Mechan- 
I  ism    guides    the 
J[  thread- holding 
bobbins  in  a  ser- 
pentine    course, 
to  interlace   the 
threads.  Threads, 
from  three  to  thir- 
ty, are  twisted  one 
around       anoth- 
er  by  revolving 
wheels,  spindles, 
etc.,     making 
braid,  stay,  ana 
shoe  laces,  uphol- 
sterer's cord,  and 
coach-lace.    It  is 
also  employed  for 
covering    whips, 
threads  of  caout- 
I  chouc,  the  wii-es 
of  crinoline,  etc. 
Braiding  -  ma- 
Brttiding'Maehine,                  chines  are  made 
of  all  sizes,  from 
machines  braiding  seven  strands  to  those  braiding 
eighty-five,  this  being  the  limit  at  present  of  flat 
braids  manufactured  in  the  United  States  ;  though 
round  braiders,  or  machines  for  covering  tubes,  are 


Fijr.  Rfi8. 


built  capable  of  braiding  ninety-six  strands.  The 
sizes  of  round  braiders  most  lai^ly  in  use,  however, 
are  those  braiding  sixteen  and  twenty  strands,  which 
are  the  sizes  used  in  the  manufacture  of  shoe-strings 
and  covering  hoop-skirt  wires.  The  sizes  of  flat 
bladders  most  in  use  are  those  braiding  flfty-tluree 
and  sixty-five  strands  worsted  yam,  which  produce 
the  common  dress  braids  now  so  commonly  worn. 
The  production  of  American  machines  is  about  a  mil- 
lion yards  daily  of  dress  braids. 

Tlie  braid  is  passed  through  fire  to  relieve  it  of  its 
floss,  and  prepare  it  for  the  dyer. 

The  views  ^Fig.  868)  are  respectively  elevatioo  . 
and  plan  of  a  braiding-machine.  The  elevation 
shows  the  mode  in  which  the  spindles  and  bobbins  are 
arranged  relatively  to  the  skirt-wire,  around  which 
the  strands  are  being  plaited.  The  lower  figure  shows 
a  view  of  the  earners,  and  of  the  race-circles,  in 
which  the  spin- 
dles are  caused 
to  move,  so  that 
they  move  in 
ancf  out,  cross- 
ing each  other's 
paths,  and  thus 
interlace  the  y 
strands.  When  / 
the  braid  is  to  be  I 
laid  up  tubular, 
as  in  covering  I , 
upholsterer^  |< 
cord, whips, and  I' 
skirt -wire,  the '( 
set  of  race-cir-  - 
cles  form  a  con- 
tinuous series 
around,  and  the 
swindles  make 
tne  complete 
circuit,  again 
and  again  re- 
jM^ating  the  ser- 
pentine course 
in  the  same  di- 
rection. The  up- 
per figure  repre- 
sents a  machine 
of  this  kind. 
When  the  braid 
is  to  be  laid  up 
flat,  as  in  the  Bmiding-BSaehitu  Carriers  and  Race- Circles. 
drag  and  other 

common  braids,  each  racer,  as  the  spindle-holders  are 
called,  makes  a  single  course,  tumsround  the  last  race- 
circle  of  the  series,  and  then  returns,  intersecting  its 
own  former  path  as  it  follows  the  circles  shown  in  the 
lower  part  or  the  figure.  The  upper  part  shows  the 
carriers  which  impel  the  racers,  each  one  delivering 
the  racer  to  the  next  carrier  in  series,  which  it  im- 
pels along  its  allotted  path  in  the  circle.  Tlie  two 
figures  represent  the  carriers  and  race-circles  of  a  ma- 
chine for  laying  up  flat  braid.  By  a  still  farther  re- 
finement of  the  process,  the  machine  is  adapted  for 
making  two  or  more  distinct  braids  connected  at 
their  edges ;  thus  admitting  of  diflcrent-colored 
stripes.  Each  racer  for  this  purpose  goes  only 
through  its  own  course  of  race-circles,  one  of  which 
circles  is  common  to  the  two  carriers. 

Braid  Siz'ing  and  PoPisli-iiig.  The  braid  is 
passed  from  a  reel  E  through  a  sizing-trough  F,  to 
pressure-rollers  F'  F\  and  then  over  guide  and  ten- 
sion rollers^  cdghh'gfdldf,  which  hold  it  obliquely 
against  the  bnishes  on  drums  CD.  It  is  then  drawn 
off  by  a. reel  JB',  which  receives  intermittent  motiou 
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from  a  toothed  wheel  actuated  by  projections  on  the 
end  of  the  .lower  brush-shaft  engaging  with  the  teeth. 

Brails.  (Nautical. )  Ropes  used  to  gather  up  the 
foot  and  leeches  of  a  sail,  preparatory  to  furling. 

The  brails  of  a  gaff-mil  are  for  hauling  the  after- 
leech  of  the  sail  forward  and  upward,  previous  to 
furling :  towards  the  head  ( peak-brails) ;  neck  {throat- 
Irails) ;  and  luff  (foot-brails).  The  lee-brails  are 
hauled  upon  in  furling. 

Brake.  1.  (Railroad  Engineering.)  A  contriv- 
ance for  stopping  the  motion  of  a  car-wheel  by  fric- 
tion applied  thereto. 

Gar-brakes,  until  the  advent  of  the  atmospheric 
brake,  were  actuated  by  a  winding  drum,  connecting 
chains  and  levers,  the  power  of  the  brakeman  being 
applied  to  a  hand-wheel  on  the  car  platform.  The 
pnncipal  modes  of  application  of  the  hand-operated 
Drake  are  explained  under  Car-brake  (which  see). 
In  the  same  article  are  detailed  a  number  of  devices 
for  the  use  of  air,  steam,  the  colliding  of  the  cars, 
friction,  feet  on  the  track,  etc. ,  for  arresting  the  mo- 
tion of  the  cars. 

The  Westinghouse  Atmospheric  Brake,  illustrated 
by  the  folding  plate  opposite,  was  patented  in  1869, 
and  has  been  adopted  on  many  railway  lines  in  the 
United  States  ana  in  EuroiKj.  Its  chief  features  are, 
first,  the  use  of  compressed  atmospheric  air  as  a 
means  of  applying  the  brakes ;  ana,  second,  put- 
ting the  whole  braking-api)aratus  under  the  direct 
control  of  the  locomotive  engineer,  so  that  he  can  ap- 
plv  the  brakes  at  pleasure,  instantaneously,  or  gradu- 
ally, and  with  any  desired  power,  limited  only  by  the 
power  of  the  air-compressing  apparatus  and  the 
strength  of  the  air-vessels.  The  construction  of  the 
apparatus  is  shown  by  elevation  and  section.  A 
smiedl  but  powerful  direct-acting  steam-engine  ^  is  se- 
cured to  the  frame  of  the  locomotive  above  and  'be- 
tween the  driving-wheels.  This  engine  operates  the 
air-pump  B,  and  thereby  the  air  is  compressed  to  any 
desired  density  into  a  receiver  or  reservoir  F,  whicn 
is  arranged  under  the  cab.  Elach  car  is  provided 
with  a  line  of  air-pipes  p  p,  which  are  united  be- 
tween the  cars  by  flexible  hose  r  r,  and  suitable 
couplings.  Each  half-coupling  contains  a  valve  so 
constructed  that,  when  the  hose  are  coupled  up,  the 
valves  are  automatically  unseated,  so  as  to  make  an 
open  continuous  air-pipe  through  the  train,  and, 
wnen  uncoupled,  each  valve  will  automatically  re- 
sume its  seat.  Hence,  the  valve  of  the  rear  coupling 
of  the  rear  car  of  a  train  will  always  be  closed,  ana 
if,  after  the  brakes  aiv  applicnl  in  view  of  actual  or 


jumps  the  track  and  be- 
>uplings  will  separate,  the 
,  and  the  brakes  be  held 
car  comes  to  a  full  stop. 

ch  car,  makes  connection 
f  a  cast-metal  brake-cylin- 
^th  an  ordinary  piston. 
is  connected  directly  (or 
id  "  progressive  lever"  X) 
evers  in  such  a  way  that, 
throw  of  the  piston,  the 
brake-shoes  will  be  ap- 
plied to  tht'  car-wheels, 
and  by  a  reverse  move- 
ment they  will  be  re- 
leased or  *'let  off.*'  A 
three-way  cock  M  in  the 
>  air-pipe,  j  ust  outside  the 
I  reservoir  F,  is  within 
reach  of  the  locomotive 
engineer.  In  ordinary 
running  all  communi- 
cation between  the  reservoir  F  and  the  air-pipes  p  is 
closed.  The  engineer,  at  pleasure,  turns  the  cock  M, 
so  as  to  open  this  communication,  and  permit  the  com- 
pressed air  to  flow  back  into  the  brake-rylinders  If, 
either  partially  if  he  merely  wishes  to  check  the  speed 
of  his  train  on  a  down  grade,  or  more  completely  for 
an  ordinary  stop,  or  instantaneously  and  fully  in 
anticipation  of  immediate  danger.  By  another  ad- 
justment of  the  cock,  he  closes  the  communication 
again,  and  opens  a  port  for  the  escape  of  the  com- 
pressed air  from  the  brake-cylinders.  The  brakes 
are  then  "off,"  and  the  wheels  .free. 
•  The  construction  is  such  as  not  to  interfere  with 
the  ordinary  operation  of  the  bi-akes  >)y  hand.  For 
ordinary  passenger- trains,  an  air-pressure  is  comnoon- 
ly  required  of  from  30  to  60  pounds  per  square  inch. 
The  capability  of  this  bmke  is.  best  shown  by  the 
following  report  of  tests  made. 

At  a  test  on  the  Kansas  Pacific  Railway,  May  12, 
1871,  a  train  going  at  the  rate  of  45  miles  an  hour 
was  stopped  within  a  distance  of  250  feet. 

On  September  18,  1869,  a  test  was  made  on  the 
Pennsylvania  Railroad,  at  the  famous  "Horseshoe 
Bend.  '  The  train  of  six  cars,  running  down  a  grade 
of  96  feet  to  the  mile,  at  the  rat«  of  80  miles  an  hour, 
was  brought  to  a  stand-still  in  420  feet, —  seven  car- 
lengths. 

The  steam-ejector  has  also  been  employed  by  Mr. 
Westinghouse,  under  a  patent  granted  to  him  in  1871, 
for  exhausting  the  air  from  the  brake-cylinders  in 
front  of  the  pistons,  and  thus  applying  the  brakes 
by  a  "vacuum"  or  atmosphenc  pressure.  See 
GiFFARD  Injector. 

2.  (Machinery.)  A  friction  strap  or  band  applied 
on  the  periphery  of  the  dmm  of  a  hoisting-macfdne, 
crane,  or  crab. 

Or  it  may  consist  of  a  pivoted  lever,  having  a  shoe 
at  one  end,  and  a  i-ope  attached  to  the  other,  by  pul- 
ling which  the  shoe  is  pressed  against  the  rim  of  the 
wheel. 

Of  this  class  is  the  rim  of  wood  surrounding  the 
inclined  wheel  attached  to  the  sail-shaft  of  a  wind- 
mill, and  pressed  down  thereon  by  a  lever  to  stop 
the  mill. 

3.  {FcJiicle.)  a.  A  vehicle  for  breaking  horses 
'consisting  of  the  running-gears,  and  a  driver's  seat, 
without  any  carriage-body. 

b.  A  rubber  pressed  against  the  wheel  of  a  vehi- 
cle, to  impede  its  revolution,  and  so  arrest  the  d«*- 
scent  of  the  vehicle  when  going  down  hill. 

The  oM  Heixxies  Atticus,  the  rhetorician,  refer*  ♦  • 
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the  fdlcT  to  the  wheels,  used  when  his  chariot  was 
descending  a  hill.  It  aopears  to  have  been  only  a 
stick  put  through  the  wneels. 

The  example  shows  it  as  applied  to  a  vehicle. 

The  fore-axle  is  so  connected  to  the  compound 
brake-levers  that  backward  pressure  in  descending  a 

Big.  870. 


nogoH-SnUte* 


hill  will  put  the  brakes  into  action.  This  movement 
of  the  axle  is  prevented,  when  backing  the  wagon, 
by  the  pendent  part  of  an  oscillating  lever  upon  the 

Kg.  871. 
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box,  which  is  brought  in  contact  with  the  axle.    See 
Waoon-brake. 

c.  The  part  of  a  carriage  by  which  it  is  enablinl 
to  be  turned.    The  fore-carriage. 

Brakes  for  sleds  and  sleighs  consist  of  spurs  brought 
IPIg^  9J2.  ^^^  action  by  scraping 

on  the  ground.  In  the 
^  example,  the  brake-dogs 
are  pivoted  in  a  wedgc>- 
shaped  mortise  in  one 
arm  of  a  bell -crank,  to 
whose  other  arm  is  con- 
nected a  bar  sliding  be- 
neath the  tongue  and 
operating  by  holding 
l»ack  on  the  tongue. 

4.  {Husbandrif.)  a.  A 
machine  for  separating 
the  bark  and  pith  from 
the  fiber  of  nemp  or 
flax  ;  to  loosen  the  boon 
and  skives  from  the  hare. 
See  Flax-brake; 
Hemi'-biiake. 

h.  An  English  tenu 
for  a  heavy  harrow. 

.5.   {Farri/^y.)    a.  A 
frame  for  confining  re- 
fractory animals  while 
being  shod  or  undergo- 
_  ing  operations. 

Prnnp-Braie.  ^  ''^  f"^  and  heavy 

.snaffle  for  breaking  or 
subduing  untrained  or  vicious  horses. 


6.  A  name  for  the  Ballista  (which  see). 

7.  (Hydraulics.)  The  extendeil  handle  of  a  fire- 
engine  or  similar  pump,  by  which  the  power  is  ap- 
plied. Said  especially  of  an  extendi  handle  at 
which  a  row  of  men  can  work  together. 

8.  {Basket-making.)  An  iron  crotch  with  a  sharp- 
ed^ed  reentering  angle,  adapted  to  peel  the  bark  from 
osiers  drawn  therethrouch. 

9.  The  baker's  kneading-machine ;  consisting,  in 
some  cases,  of  a  pivoted  lever  operating  on  a  bench  ; 
the  name  now  including  other  machinery  for  effect- 
ing the  same  purpose. 

Brake-beam.  {Vehicle.)  The  transverse  beam 
connecting  the  shoes  of  opjwsite  wheels.  A  brake- 
bar. 

Brake-block.  {Railroad Engineeriiiy.)  The  block 
attached  to  the  brake-beam  and  holding  the  shoe  or 
rubber. 

BrakeHEtboe.    That  part  of  Hg.  87a 

a  brake  which  is  brought  in 
contact  with  the  object  whose 
motion  is  to  be  restrained. 

BrakeHiieve.  {Mining.)  A 
rectangular  sieve  operatecl  by  a 
forked  lever  or  brakCy  from  which 
it  is  suspended  in  a  cistern  of 
water  for  the  agitation  .of  com- 
minuted ore.  The  meshes  are 
ofstrong  iron  wire,  §  of  an  inch 
sauare.  The  brake  is  support- 
ea  by  a  rolling  axis.  See  Jig- 
ger. The  poorest  light  pieces 
are  cuttings.  Pieces  of  jwor, 
sparr}',  heavy  ore  are  chats. 

Bx^e -wheel     1.   (Rail-    ,      Bmkt-Sioe. 
road  Engineering.)    The  wheel 
on  the  platforai  or  top  of  a  car  by  which  the  brakes 
are  operated. 

2.  (Machinery.)  A  wheel  having  cams  or  wipers 
to  raise  the  tail  of  a  hammer-helve. 

Brak'ing.  (Flax-manu/nvture.)  An  operation  by 
which  the  straw  of  flax  or  hemp,  previously  steeped 
and  grossed^  is  broken,  so  as  to  cletach  the  shives  or 
woody  portion  from  the  hare  or  useful  fiber.  See 
Flax- Brake. 

Brak'ing-ma-chiiie'.  A  machine  for  braking 
flax  or  hemp  after  rotting,  to  remove  the  woody 
portion  and  pith  from  th«^  fiber.  See  Flax- 
brake. 

Bra'mah-lock.  A  lock  patented  by  Bramah,  in 
Kndand  (1784  and  1798),  having  a  number  of  slides 
wliich  are  adjusted  in  the  manner  of  tumblers,  by 
means  of  a  stepped  key,  so  that  the  slides  of  unequal 
length  shall  be  brought  into  a  position  where  their 
notches  lie  in  the  same  plane,  that  of  the  locking- 
plate.     See  Lock. 

Bra'mah  -  press.  The  Hydrostatic  Press 
(whicli  see). 

Branch.  1.  (Fortijication.)  a.  The  icing,  or 
long  side  of  a  horn  or  crown  work. 

b.  One  of  the  parts  of  a  zigzag  approach. 

2.  (Black.wiithitig. )  One  of  the  quarters  or  sides 
of  a  horseshoe. 

8.  (Hanwis.)  One  of  the  levers  attached  to  the 
ends  of  the  stiff  bit  of  a  curb-bit,  and  having  rings 
or  loops  for  the  curb-chain,  the  cheek-straps,  and  the 
reins.     See  Curb-bit. 

4.  (Mining. )  A  small  vein  which  separates  from 
the  lode,  sometimes  reuniting.  A  leader,  string,  or 
rib  of  ore  running  in  a  lode. 

5.  (Hydraulics.)  The  metallic  piece  on  the  end 
of  a  hose  to  which  the  nozzle  is  screwed. 

6.  (Oas-Jixtures.)     A  gas-burner  bracket. 
Branch-chuck.    (Turning.)    A  chuck  having 
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four  branches,  each  of  which  has  a  set  screw  whose 
end  may  be  made  to  impinge  upon  the  object. 

Brand.  Paintings  m  the  Theban  tombs  repre- 
resent  the  branding  of  cattle  on  the  shoulders  with 
a  hot  iron,  probably  engraved  with  the  owner's  name. 

fig.  874. 


Bnmding  Cattle  in  Ancient  Egjfpt  ( Thebes). 

The  cattle  are  represented  lying  on  the  ground  with 
the  feet  tied.  One  person  heats  the  iron  in  a  porta- 
ble furnace,  and  the  other  applies  it  to  the  shoulder 
of  the  animal. 

Branding-tools  for  marking  stock  or  boxes  are  of 
three  kin£.  One  is  adapted  for  being  heated  to 
bum  away  the  hair  or  the  wood,  as  the  case  may 
be.  Another  is  used  as  a  stencil,  consisting  of  a 
elate  with  openings  representing  letters  or  device. 
The  other  consists  of  type  in  some  form,  generally 
set  up  in  a  small  galley  with  a  handle,  so  as  to  be  con- 
veniently manipulated.  No^el  devices  are  more  gen- 
erally in  the  latter  line,  and  ingenuity  is  exercised  in 
the  modes  of  adjusting  and  securing  the  type  in  the 
holder.  The  faces  of  the  types  are  made  elastic  in 
Mason's  patent.  Skeleton-letters,  secured  by  tangs 
to  handles,  are  also  used  for  this  purpose,  and  may 
be  readily  dipped  in  a  pigment,  ana  applied  to  sheep 
or  other  stock. 

Brand'rlth.  A  fence  or  rail  round  the  opening 
of  a  well. 

Bran-duat'er.    (Milling. )    A  machine  in  which 
the  bran,  as  turned  out  of  an  ordinary  bolt,  is  nibbed 
Fijr.  876.  '^^  fanned  to  re- 

moveasmuchas 
possible  of  the 
flour  which  yet 
adheres  to  it.  In 
the  example  the 
bran  passes  be- 
tween the  radi- 
ally ridged  sur- 
face of  the  double 
frustum  F  and 
an  enveloping 
jacket  of  similar 
form  and  surface. 
It  then  passes 
between  the  pin- 
urmed  head  H  of 
the  cylinder  and 
the  head-disk  / 
of  a  revolving 
frame,  which  car- 
ries inclined  ser- 
rated plates 
which  work  the 
bran  against  the 
wire  screen  M, 
Cams  of  the  spur- 
wheel  above  op- 
erate to  agitate 
the  screen  to  keep 
the  meshes  clear. 
The   bran  is  fi- 

»«-.  n,,^  °*^^y  dischaiged 

Bra^Duner.  through      one 

spout,  and  the  other  produ<:ts  through  another. 


Etnuean  Brazier. 


Bran'niDjip.  (Dyeing,)  Preparing  cloth  for  dye- 
ing by  steeping  in  a  vat  of  sour  oran-water. 

Bra'aier.  An  open  pan  for  burning  wood  or  ooaL 

The  brazier  {/ocidus)  of  the  Romans  was  an  ele- 
gant bronze  tripod,  supported  by  satyrs' and  sphinxes, 
with  a  round 

dish  above  for  Pig  876. 

the  fire  and  a 
small  vase  be- 
low to  hold 
perfumes.  It 
occupied  the 
atrium,  and 
represented  the 
alxxie  of  hospi- 
tality and  sanc- 
tuary, even  af- 
ter cooking  had 
been  banished 
to  other  apartments.  A  kind  of  close  stove  was  also 
used  ;  but,  in  either  case,  the  smoke  was  so  consid- 
erable that,  as  luxury  advanced,  the  winter  rooms 
were  differently  furnished  from  those  appropriated 
to  summer  use.  In  order  to  prevent  the  wocid  from 
smoking,  the  bark  was  peeled  off,  and  the  wood  kept 
long  in  water,  and  then  dried  and  anointed  with 
oil. 

The  Greeks  and  other  nations  commonly  used  it, 
and  sought  to  correct  the  deleterious  nature  of  the 
fumes  by  burning  costly  odorous  gums,  spices,  and 
woods. 

The  Japanese  warming-apparatus  is  a  chafing-dish 
with  a  handful  of  charcoal  let  into  the  floor,  like  the 
Spanish  brasero.  This  is  very  ineffective  in  miti- 
gating the  rigor  of  the  season  m  the  more  northerly 
part  of  the  main  island,  and  the  people  depend  prin- 
cipally on  clothes,  heaping  gown  upon  gown. 

Braaa.  1.  (Allay. )  An  alloy  of  copper  and  zinc. 
It  is  fabled  to  have  been  first  accidentally  formed  at 
the  burning  of  Coripth  by  Lucius  Mummius,  146 
B.  c.  ;  but  articles  of  brass  have  been  discovered  in 
the  Egyptian  tombs,  which  prove  it  to  have  had  a 
much  greater  antiquity. 

Brass  was  known  to  the  ancients  as  a  more  valua- 
ble kind  of  copper.  The  yellow  color  was  considered 
a  natural  quality,  and  was  not  supposed  to  indicate 
an  alloy. 

Certain  mines  were  much  valued,  as  they  yielded 
this  golcUcolored  copper,  but  after  a  time  it  was  found 
that  by  melting  copper  with  a  certain  earth  (cala- 
mine), the  copper  was  changed  in  color.  The  nature 
of  the  chan^  was  still  unsuspected. 

Tubal  Cain's  operations  in  iron  and  brass  may  be 
held  to  be  iron  and  copper  (Oen.  iv.  22).  The  trans- 
lation of  terms  referring  to  metals  is  not  perhaps 
very  accurate.  Job  is  made  to  refer  to  brass  several 
times,  —  copper  most  likely. 

Hiram  is  said  to  have  made  articles  of  "  brass " 
for  the  Temple  of  Solomon,  1004  b.  c.  This  was 
probably  bronze,  which  is  made  by  the  union  of  cop* 
per  and  tin,  while  brass  consists  of  copper  and  zinc. 
Hiram  procured  his  tin  in  Cornwall,  England.  He- 
rodotus called  Britain  the  Cassiterides,  or  Tin  Islands, 
450  B.  c.  Calamine  was  known  in  early  times,  and 
the  Temple  utensils  may  have  been  really  brass. 

The  **  brazen  "  bull  was  cast  by  Perillus  of  Athens, 
for  Phalaris  of  Agrigentum,  670  b.  c.  It  was  made 
hollow,  to  receive  victims  to  be  roasted  to  death. 
The  throat  was  contrived  to  make  their  groans  sim- 
ulate the  bellowing  of  the  animal.  The  artist  was 
made  to  furnish  the  first  victim,  and  the  king  event- 
uallv  tried  the  experiment  in  person,  549  B.  c. 

The  helmet  of  Psammitichus  the  Powerful  was  of 
brass,  and  from  it  he  poured  the.  libation  in  the  Tem- 
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pie  of  Vulcan,  which  condemned  him  to  temporary 
isolation  in  the  marshes  of  the  Delta,  but  ended  in 
his  making  the  acquaintance  of  some  Ionian  and 
Carian  freebooters,  who  assisted  in  placing  him  on 
the  throne  of  Egypt,  650  B.  c. 

Brass  was  known  to  the  Greeks  as  orichalcum  or 
mountain-bronze.  Afterwards  corrupted  by  the  Ro- 
mans into  aurichcUacjUf  from  a  supposition,  derived 
from  its  color,  that  it  had  gold  in  its  composition. 


Brasses  (Composition  of). 


(oommon) 
Good  jellow  braM 
Brass  wire . 

M ante's  shealhiag-RMtal 
Bed  brass,  to  be  soldered 
Commoji  brass 
Pinchbeck 
Rerere's    sheathinff-metal 

(1880)     .... 
ColUns's    red    alloy     for 

shi>«thini( 
Collinses  yellow  alloy  for 

sheathing 
ColUns's   white  alloy  for 

sheathing 
Toogh  brass  for  engine  woric 
Brass  for  heavy  b«urings 
Pinehbecic 
PinohbeelL 
Tombac  ( iUo/oy,  twmba^^ 

copper)    . 
Red  tombao   . 
Red  tombao 
Rolled  brass  . 
Tutenag 
Brass  gndlng-metal  (bronae 

color) 
Smerson's    patent    bi 

(English) 
Keller's  statnary  brass  (Yer* 

sallies)    . 
Chantrey's  hard  alloy 
Hanheim  gold  . 
'Manheim  gold 
Semilor      ... 
,  Mosaic  gold  (Hamilton  and 
I    Paricer's  patent)     . 
Mock  platinum 
iBath  metal 
{White  brass  . 
Ormolu 
Speculum  metal  (Martin's 

patent,  August  28, 1859) 
Mnshet's   sheathing-metal 

(1828)     .... 


10 

1 

20 
82 

4 

6 

16 
88.8 

11 
748 

60 

16 

16 

9140 
82 

4 
8 
6 

82 


100 
100 


16 
8 

1 
1 
2 

1 
112 

1 
22.8 
81 

1-U 

8 

6.58 
6 
1 

1 
1 


8.4 


1.70 
6 


10 


19 


1.87 


16 


The  proportions  are  varied,  and  tin  and  antimony 
are  added  m  some  of  the  formulse. 

Fig.  877. 
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See  also  brasses  and  bronzes,  with  the  addition  of 
iron,  p.  61,  anU. 

2.  {Machinery.)  In  a  mechanical  sense  a  brass  is  a 
pillow,  bearing,  collar,  booe,  or  busk,  supporting  a 
gudgeon ;  so  called  from  its  being  composed  of  eitner 
copper  and  tin  or  copper  and  zinc. 

Bnuui-foil.  Very  thin  beaten  sheet-brass,  thinner 
than  laUen,    Dutch-gold. 

BrasB-far'nace.  Brass,  or  its  component  metals, 
is  melted  in  crucibles  ;  in  the  latter  case,  the  copper 
being  first  melted,  and  the  zinc  then  added  piece- 
meal, as  it  is  vaporized  by  an  excess  of  heat. 

The  molding-trough  b  is  on  one  side  of  the  pour- 
inff  or  spill-trough  c,  and  the  furnace  a  is  on  the 
other.  distL  core-oven,  heated  by  the  furnace,  and 
serving  to  dry  the  cores  for  the  faucets  or  other  hol- 
low articles  which  are  cast. 

The  brass-furnace  is  usually  built  within  a  cast- 
iron  cylinder,  20  to  24  inches  in  diameter,  and  30  to 
40  inches  high,  which  is  erected  over  an  ash-pit, 
which  is  supplied  with  air  through  a  diving-flue, 
which  commences  at  a  grating  even  with  the  floor  of 
the  foundry.  The  mouth  of  the  furnace  stands  about 
8  or  10  inches  above  the  floor,  and  the  upper  aper- 
ture is  closed  with  a  plate,  which  is  yet  called  the 
tile,  though  it  is  now  usuallv  of  iron.  A  tile  origi- 
nally performed  the  duty.  The  inside  of  the  furnace 
is  contracted  to  about  10  inches  by  fire-bricks  set 
in  refractory  clay,  except  a  small  aperture  at  the 
back,  4  or  5  inches  square,  which  leads  to  the  chim- 
ney. 

A  number  of  such  furnaces  usually  stand  in  a  row, 
and  each  communicates  by  its  own  flue  with  the 
tall  stack,  which  carries  off  the  volatile  results  of 
combustion,  and  the  fumes  of  the  zinc.  Each  fur- 
nace has  a  damper. 

As  a  furnace  Dums  out,  so  as  to  leave  an  excess  of 
space  between  the  crucible  and  the  wall,  the  inside 
is  renewed  by  plastering  on  a  coating  of  road-drift 
and  water,  applied  like  mortar.  This  makes  a  sur- 
face, which  IS  glazed  by  the  fire-heat. 

The  workman  is  shown  handling  the  crucible- 
tongs,  the  reins  of  which  are  closed  by  the  coupler, 
while  he  pours  the  metal  in  at  the  gate  of  the  flask, 
which  rests  in  an  inclined  position  against  the  spill- 
trough. 

For  large  quantities  of  metal,  for  statues,  bells, 
large  guns,  etc.,  the  brass  or  bronze  is  melted  in  re- 
verberatoi-y  furnaces. 

BraBs'ing.  (Metallurgy.)  Giving  a  brass  coat 
to  popper.     It  may  be  done  by  — 

Exposing  the  copper  in  a  heated  state  to  the  fumes 
given  off  by  zinc  at  a  high  temperature  ; 

Filling  a  copper  vessel  -with  water  soured  by  hy- 
drochloric acid,  and  adding  an 
amalgam  of  zinc  and  cream 
I  of  tartar,   and.  boiling  the 
I  whole  for  a  short  time. 
J     Brass -pow'der.    (Eed- 
Colored.)    Grind  copper  fil- 
I  ings  or  precipitated  powder 
J  of  copper  with  red  ochre. 
K^      (Gold-Colored.)    Gold-co]- 
Z'  ored  brass  or  Dj^tch  leaf  re- 
^  duced  to  powder. 
I      Mixed  with  pale  varnish, 
or  applied  by  dusting  over  a 
'^i  surface    previously    covered 
"  with  vaniish. 
iting.)    Brass  strips,  type-high, 
iitting  into  lengths  to  separate 
lumns  ;  also  for  page-rules  and 
ly  known  as  rule  and  figure 
I  worx;. 
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They  may  have  a  single  sharp  edge  or  may  be 
grooy<Ml  to  produce  parallel  lines. 

Bzmt'tice.  (Mining.)  A  planking  on  the  inside 
of  a  mine  shaft  or  gallery. 

Notably,  a  plank-work  «partition  in  a  shaft,  divid- 
ing it  into  two  portions. 

Bray.  (FortiJiccUian.)  A  tower  or  blockhouse  in 
the  outworks  before  the  port. 

Bray^er.  (Printing.)  A  wooden  muller  used  on 
the  ink-table  to  temper  the  ink. 

**  Though  thou  bray  a  fool  in  a  mortar." 

Bzmy'ing.  (WooUn-manufacturt.)  The  process 
of  pounding  and  washing  woven  cloth  in  acouring- 
atocks,  to  remove  the  oil  applied  preparatory  to  card- 
ing ;  and  also  soil  acquired  in  the  course  of  manu- 
facture. 

Bxmz'izii^  Soldering  together  the  surfaces  of  iron, 
copper,  brass,  etc.,  witn  an  alloy  composed  of  brass 
and  zinc,  sometimes  with  the  addition  of  a  little  tin 
or  silver.  The  surfaces  to  be  united  must  be  rendered 
perfectly  clean  and  bright.  The  alloy,  in  granular 
rorm,  is  usually  wetted  with  ground  borax  and  water, 
dried,  the  pieces  placed  in  contact  and  exposed  to 
the  heat  of  a  clear  forge-fire,  causing  the  solder  to 
ilow  between  them.  This  may  be  assisted  by  the 
use  of  a  solderii^-iron. 

Bread.  A  mixture  of  flour  and  water,  baked  to 
the  extent  of  suppressing  its  clamminess. 

In  the  Old  Testament  we  find  that  bread-making 
was  a  duty  performed  by  the  mistress  of  the  family, 
—  Sarah  ;  by  one  of  the  daughters,  —  the  mucn- 
abused  Tamar  ;  by  servants,  — as  those  captives  re- 
ferred to  by  Samuel,  who  are  prospectively  made  to 
serve  as  **  confectionaries,  cooks,  and  bakers"  ;  by 
an  officer  of  the  household,  —  Pharaoh's  servant,  the 
chief  baker  ;  by  tradesmen,  —  as  the  bakers  referred 
to  bv  Hosea. 

The  Israelitjes  ate  leavened  bread  except  on  i^jcu- 
liar  occasions.  The  Bedouin  of  the  present  day,  as 
his  ancestors  did,  cooks  his  unleavened  bread  in  the 
embers,  generally  between  layers  of  dung.  We  are 
not  destitute  of  the  same  fuel  on  the  Western  plains, 
but  delicately  tenn  it  bois  dc  vactu^  or,  more  squarely, 
buffalo-chips.  When  the  Arab  bakes  a  pasty  bread 
on  a  pan  or  griddle,  he  calls  it  a  flila.  Without  in- 
tending to  talk  Arabic,  we  do  the  same  sometimes. 

The  Egyptian  like  the  London  bakers  kneaded 
bread  with  the  feet.  The  practice  is  probably  more 
general  than  we  know,  or  like  to  believe. . 

In  a  little  model  of  a  house  found  by  Mr.  Salt  in 
Egypt,  and  now  in  the  British  Museum,  a  doll-woman 


Fig.  878. 
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stands  in  the  court-yard  in  the  act  of  rolling  dough. 
TTie  mixing-trough  is  attached  at  the  end  of  the  ta- 
ble, and  the  quiet  little  doll,  which  may  have  anmsed 


the  children  of  the  time  of  Moses,  has  maintained 
the  position  of  action  for  near  forty  centuries,  and  is 
now  viewed  by  the  juveniles  of  a  country  which  was 
alternate  forest  and  morass  for  two  thousand  years 
after  the  little  figure  was  started  at  her  protracted 
employment 

Ching-Noung,  the  successor  of  Fohi,  is  reputed  to 
have  first  taught  the  art  of  making  bread  from 
wheat  and  wine  from  rice,  1998  B.  c.  This  was  tJie 
era  of  .Terah,  the  father  of  Abraham,  of  the  shepherd 
kings  of  Egypt,  and  of  the  fabulous  wars  of  the  Ti- 
tans in  Greece.  A  few  years  subseouently,  1 918  B.  c, 
Melchisedek  brought  out  wine  and  bread  to  Abram 
and  blessed  him  (Gen.  xiv.  18).  Fifteen  years  af- 
terward we  find  Abraham  giving  three  strangers  & 
morsel  of  bread  to  stay  their  stomachs,  while  his  wife 
pr^red  hot  cakes  made  out  of  fine  meal,  kneaded^ 
and  no  doubt  cooked  in  the  ashes,  as  they  had  not 
then  seen  the  Egyptian  plan  of  cookins^  in  ovens. 
This  was  served  up  with  butter,  —  probably  bonny- 
clabber  or  curds,  —  milk,  and  veal. 

The  Hebrew  bread  was  a  flat  cake,  baked  on  the 
hearth  or  on  a  metallic  plate.  It  was  broken,  not 
cut,  and  may  have  had  indentations  to  form  lines  of 
easy  fmctu^e.  Thus  may  have  arisen  Paul's  remark, 
— "  We,  being  many,  are  oiu  bread  "  (1  Cor.  x.  17). 

In  the  time  of  Plin^  we  find  that,  though  bread 
was  mftde  from  a  vanety  of  ^ins,  yet  that  whAit 
was  held  in  the  highest  estmiation  :  the  wheat  of 
Italy  ranking  first  tor  weight  and  whiteness,  while 
that  of  Sicily,  one  of  the  granaries  of  Rome,  stood 
third,  Boeotian  wheat  being  preferred  to  it. 

He  states  that  the  weight  of  all  commissary  bread 
exceeded  that  of  the  flour  from  which  it  was  made 
by  one  third,  and  this  is  still  held  to  be  the  proper 

Sercentage   of  gain  in  well-made  bread  from  good 
our.     Hie  German  proportion,  stated  by  Kohler  in 
his  Rcchenmeistery  is  156  pounds  of  dough,  and  15S 

Sounds  llj  ounces  of  bread  from  100  |M>und8  of 
our. 

The  Romans  appear  to  have  leavened  their  bread 
with  ^preparations  similar  to  that  known  in  some 
places  as  .**salt  rising,"  instead  of  yeast.  Pliny 
says  that  in  Gaul  ana  Spain,  where  they  make  a 
drink  (beer)  by  steeping  grain  in  water,  they  employ 
the  foam  which  thickens  on  the  surface  (yeast)  as  k 
leaven,  and  that  consequently  th&  bread  in  those 
countries  is  lighter  than  that  made  elsewhere.  He 
must  mean  in  proportion  to  its  bulk,  and  not  that  a 
certain  quanti^  of  flour  would  produce  a  less  wei^t 
of  bread. 

I  The  Roman  leaven  is  described  as  being  made  from 
millet  mixed  with  grape-juice,  which  it  is  said  would 
keep  a  whole  year.  Fine  wheat  bran  was  also  em- 
ployed ;  this  ifcas  mixe<l  with  white  must  (or  grape- 
juice)  three  dajrs  old,  then  dried  in  the  sun  and  made 
into  small  cakes.  For  making  bread,  these  cakes 
were  first  soaked  in  water  boiled  with  Uie  finest 
spelt-flour,  and  then  mixed  with  the  dou^ 

These  kinds  of  leaven  could  only  be  made  during 
the  vinta^,  but  there  was  another  kind,  made  from 
barley  and  water,  which  could  be  prepared  at  any 
time  ;  this  was  made  up  in  cakes  of  two  pounds' 
weight,  which  were  baked  until  they  became  of  a 
reddish-brown  color,  when  they  were  put  in  close 
vessels  and  allowed  to  turn  ^ur  ;  when  wanted  for 
leaven,  they  wei-e  steei)ed  in  water. 

Leaven,  for  immediate  use,  was  also  prepared  by 
kneading  some  of  the  flour,  without  salt,  boilinff  it 
to  the  consistency  of  porridge,  and  keeping  it  till  it 
began  to  turn  sour  ;  or  the  bread  was  leavened  by 
means  of  some  of  the  dough  left  over  purposely  from 
the  day  before,  as  amon^  the  ancient  Hebrews. 

In  the  maritime  distncts  the  flour  was  mixed  with 
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sea- water,  to  economize  salt ;  and  in  the  prenaration 
of  some  kinds  of  flour,  acconiing  to  Pliny,  tne  bran 
was  first  taken  otf  the  berry  by  trituration  in  mor- 
tars containing  brickbats  and  sand.  His  transla- 
tors have  rather  absurdly  made  him  say  that  bricks 
and  sand  were  ground  up  with  the  grain.  In  one 
species  of  bread,  called  alica,  which  he  mentions  as 
being  peculiarly  wholesome  and  palatable,  a  species 
of  c&fe  found  in  the  hill  Leucoi-geum,  between  Na- 
ples and  Puteoli,  was  employed  for  imparting  white- 
ness and  crispnens. 

Their  bread  wiis  probably  too  moist  for  our  taste, 
rather  a  pasty  mass,  somewhat  better  than  the.  com- 
mon pulSf  which  i*esenibled  our  paste  or  gruel,  a  sort 
of  hasty-pudding,  and  which  formed  the  staple  of 
the  farinaceous  diet  of  the  Romans. 

There  were  no  professional  bakers  in  Rome  till 
after  the  war  with  King  Perseus,  more  than  680  years 
after  the  building  of  the  city.  The  occupation  for- 
merly belonged  to  the  women.  They  ate  their  bread 
moist  ;  it  was  sometimes  kneaded  with  the  must  of 
the  grape,  with  raisin-juice,  or  with  butter  for  short- 
ening, or  with  eggs  and  milk,  and  often  soaked  in 
milk  and  honey  before  eating.  Vinegar,  to  soak  the 
bread,  was  a  regular  ration  with  the  Roman  soldiery. 
It  is  much  older  than  that,  however  :  Boaz  said  un- 
to Ruth,  *•  Eat  of  thy  bread,  and  dip  thy  morsel  in 
the  vinegar." 

After  the  conquest  of  Macedon,  148  B.  c,  Greek 
bakers  came  to  Kome  and  monopolized  the  business. 
Loaves  of  bread,  or  their  ^udomorphs,  are  found  in 
the  excavations  of  Pompeii,  partially  buried  A.  D.  79. 

Br^  was  made  with  yeast  by  the  English  bakers 
in  1634.  Was  made  by  machinery  in  England  in 
1858.  Was  artificially  inflated  with  carbonic-acid 
gas,  with  which  the  water  of  mixing  was  impreg- 
nated, by  Dr.  Dauglish,  in  1859.  Aerated  bread  was 
made  in  the  United  States  prior  to  1854. 

Bread-knife.  A  knife  pivoted  at  one  end  to  a 
post  on  a  table,  and  used  by  a  vertical  motion  to  cut 
loaves  into  slices.     In  the  example  the  hinged  cut- 


His  apparatus  for  making  aerated  bread  is  shown 
in  the  illustration. 

The  water-chamber  A  and  mixer  B  are  cast  in  one 
piece,  and  communicitte  by  an  equilibrium  pipe  and 


Fig.  880. 


Bread'Kni/e, 

ter  plays  in  a  slotted  arched  frame ;  an  adjustable 
guide  is  adapted  to  the  size  of  the  loaf,  and  a  gage 
determines  tno  thickness  of  the  slice  to  be  cut. 

Bread-mak'ing  Ma-ohine'.  A  machine  in 
which  flour  and  water  are  mixed  and  kneaded.  In 
some  machines  of  this  character  the  dough  is  rolled 
flat  and  cut  into  loaves,  which  are  laid  aside  to  rise 
before  baking.     See  Bread. 

The  process  of  making  bread  without  leaven  or 
yeast,  generally  known  as  aerated  bread,  is'  believed 
to  have  been  first  practiced  with  any  considerable 
degree  of  success  in  the  United  States  some  twenty 
Years  ago.  In  England  it  appears  to  have  been  of 
later  introduction,  the  process  of  Dr.  Dauglish  hav- 
ing first  been  made  public  in  1859.  It  consists  in 
generating  carbonic-acid  gas  in  a  separate  vessel  and 
mechanically  forcing  it  into  the  water  with  which 
the  flour  is  mixed. 


Brtad'Making  AladUiM. 


valved  aperture  ;  the  water-chamber  also  communi- 
cates with  a  water-tank  and  with  the  ms-generating 
chamber  £  through  pipes  whose  dis^arge  is  con- 
trolled by  cocks  operated  by  hand-wheels.  The  flour 
and  salt  are  placed  in  the  mixing-chamber  J?,  and 
water  is  admitted  to  the  water-chamber  from  the  tank. 
When  th^  gas  in  its  chamber  has  attained  a  sufficient 
degree  of  pressure,  jsay  100  pounds  to  the  square  inch, 
the  cock  leading  to  the  water-chamber  is  turned,  and 
the  gas  passes  through  the  water,  which  thus  be- 
comes thoroughly  chwged  under  that  high  pressure, 
and  is  then  admitted  to  the  mixing-chamber,  where  it 
is  mingled  with  the  flonr  and  salt  by  means  of  reyolv- 
ing  mixers  on  a  shaft  rotated  by  gearing  driven  by 
hand-crank  or  a  steam-engine.  The  .receiver  is  se- 
cured to  the  mixing-chamber  J?  by  a  bolted  flange, 
and  communicates  with  it  through  an  aperture  pro- 
vided with  a  slide-valve,  which  is  capable  of  a  ro- 
tary as  well  as  a  reciprocating  motion,  by  means  of 
which  any  dough  can  be  pre«»ed  out  from  between  it 
and  its  seat.  The  two  vessels  are  also  connected  by 
an  equilibrium -pipe,  that  the  pressure  of  fpis  may 
be  equal  in  each,  allowing  the  dough  to  fall  into  the 
mixing-cliamber  by  its  o\vn  gravity.  From  the  re- 
ceiver the  dough  is  passed  to  the  baking-pan,  by 
means  which  aUow  of  its  being  surrounded  by  air  or 
gas  under  pressure,  thus  lessening  the  escape  of  the 
gas  incloscKl  in  the  dough. 

The  baking  requires  to  be  conducted  in  a  peculiar 
manner.  Cold  water  being  used  in  mixing,  the  ex- 
pansion of  the  dough  on  rising  causes  a  great  reduc- 
tion of  temperature,  as  much  as  40**  below  that  of  fer- 
mented bread  when  placed  in  the  oven  ;  this,  with 
its  slow  springing  until  it  reaches  the  temperature  of 
the  boiling-point,  renders  it  essential  that  the  top 
crust  should  not  be  foimed  until  the  very  close  of 
the  process.  The  furnaces,  accordingly,  are  so  ar- 
ranged that  the  heat  is  applied  through  the  bottom  ; 
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and,  at  the  last  moment,  when  the  bread  is  nearly 
baked  through,  the  upper  heat  is  applied  and  the  top 
cnist  formed. 

The  principles  of  bread  making  and  baking  have 
been  carefully  explained  by  Professor  Horsford,  of 
Cambridge,  Mass. 

Bread-rasp.  A  ra«p  used  by  bakers  in  removing 
the  burned  crust  of  loaves  and  rolls,  especially  of 
French  rolls. 

Bread-Blic'er.    See  Bread-knife. 

Breadth.  {Shiptorighling.)  The  thwart  meas- 
ure of  a  ship  at  any  designated  place.  The  bea^n  is 
the  extreme  breadth  ;  that  is,  at  the  widest  part.         { 

Breadth-line.  (Shipwriahtiiuf,)  A  line  of  the 
ship  lengthwise,  following  the  curve  indicated  by 
the  ends  of  the  timbers. 

Break.  1.  A  wooden  bench  on  which  dough  is 
kneaded  by  means  of  a  lever  called  a  break-staff. 
The  weight  of  the  person,  often  in  a  sitting  posture, 
is  thrown  upon  the  staff,  which  moves  in  a  semicir- 
cular orbit  around  the  bench,  keeping  up  a  saltatory 
motion  by  its  flexibility  and  the  dancing  action  of  the 
operator.  By  this  means  the  dough  is  worked  up 
very  dry,  and  makes  the  best  kind  of  crackers. 

This  duty  is  now  performed  by  rollers,  which  re- 
ceive their  name  from  their  duty,  being  called  break- 
ing-rollers. 

2.  {ForCification. )  A  change  from  the  general  di- 
rection of  the  curtain  near  its  extremity  in  the  con- 
struction with  orillons  and  jetired  flanks.     Brisure. 

3.  {Printing.)  The  piece  of  metal  contiguous  to 
the  shank  of  a  type,  so  called  because  it  is  broken 
ofi"  in  flnishing. 

4.  (Architecture.)  A  projection  or  recess  from  the 
surface  or  wall  of  a  building. 

5.  A  sudden  change  of  level,  as  of  a  deck.  The 
break  of  a  poop-deck  is  where  it  ends  forward. 

6.  (Telegraphy.)  A  commutator  or  apparatus  to 
interrupt  or  change  the  direction  of  electric  currents. 

See  Brake,  for  devices  for  applying  power,  for  re- 
straining motion,  etc. 

Break'er.  1.  (Nautical.)  A  small  cask  for  ship's 
use.  Employed  for  bringing  water  aboard  in  boats,  or 
for  containing  the  water  required  for  a  boat's  crew 
absent  from  Uie  vessel  on  duty. 

The  gang-C9^V  is  kept  on  deck,  and  contains  the 
drinking-water  for  the  ship's  company,  being  replen- 
ished from  day  to  day  from  the  tanks. 

2.  (Flax-manufacture.)  The  first  carding-machine 
which  operates  n^n  the  parcels  of  tow  from  a  creep- 
ing-sheet. The  finisher  is  the  final  carding-machine, 
and  operates  upon  a  lap  formed  of  slivers  of  line. 

Break-ground.  {Fortifi^cation.)  To  open  the 
trenches  or  begin  the  works  of  the  siege. 

Break'ing.  (Woolen-manufacture.)  A  process 
in  the  worsted  or  long- wool  manufacture.  The  combed 
slivers  are  laid  upon  a  traveling-apron  and  joined 
endwise,  to  make  continuous  lengths. 

Break'ing-down  RoU'era.  (Metal-working.) 
Rollers  used  to  consolidate  metal  by  rolling  it  while  hot 

Break'ing-en'gine.  The  first  of  a  series  of  card- 
ing-machines,  to  receive  and  act  on  the  lap  from  the 
lapper  ;  it  has  usually  coarser  clothing  than  the 
finishing-cards.     See  Carding-mach  i  ne. 

Break'ing-^ame.  (Worsted-vmnufacture.)  A 
machine  in  which  slivers  of  long-stapled  wool  are 
planked  or  spliced  together  and  then  drawn  out  to, 
say,  eight  times  their  original  length.  The  slivers  are 
made  by  hand-combs,  and  tajK'r  towards  each  end. 
Each  is  laid  lapping  half  its  length  upon  the  preced- 
ing sliver,  and  the  passage  between  rollers  of  gradu- 
ally increasing  speed  attenuates  the  sliver. 

Break'ing-ma-ohine.  (Flax-manufacture.)  A 
machine  for  shortening  flax -staple,  to  adapt  it  to  be 


worked  by  a  certain  kind  of  machinery.  Long-flax 
or  long-line  becomes  eut-flax  or  cut- line.  The  ma- 
chine is  also  kno^n  as  a  cutting-machine  or  flax- 
breaJcer. 

Break-i'ron.  (Ckxrpentry.)  The  iron  screwed  on 
top  of  a  plane-bit  to  bend  upward  and  break  the 
shaving.  Its  edge  is  from  1*^  to  3V  of  an  inch  from 
the  edge  of  the  cutting-bit. 

Break-joint.  A  hreak-joint  structure  is  one  in 
which  the  joints  of  the  parts  or  courses  are  made  to 

Fig.  881. 


Break-Joint  Rail  and  Courses. 

alternate  with  unbroken  surfaces,  as  in  the  continu- 
ous railroad  rail,  in  bricklaying,  shingling,  and  nu- 
merous other  mechanic  arts. 

a,  break -joint  of  a  compound  rail. 

bf  break -joint  of  bricks  in  courses. 

c,  break -joint  of  slates  in  courses  on  a  roof. 

Break'wa-ter.  A  structure  or  contrivance,  as 
a  mound,  mole,  wall,  or  sunken  hulk,  interposed  to 
break  the  force  of  the  waves  and  to  protect  an  an- 
chorage, harbor,  or  any  object  •exposed  to  the  waves. 

Breakwaters  for  the  purpose  of  protecting  harbors 
are  of  very  ancient  origin. 

The  harbor  of  Alexandria  was  protected  by  a  stone 
mole  called  the  Heptastadium,  which  joined  the 
island  of  Pharos  and  the  main-land.  It  had  two 
passages  through  it,  which  were  spanned  by  bridges. 

Nebuchadnezzar  built  quays  and  breakwaters  along 
the  shores  of  the  Persian  Gulf.  —  Herodotus. 

The  harbor  of  Rhodes  and  the  Pirseus  of  Athens 
were  protected  by  moles,  as  were  also  those  of  Civita 
Vecchia,  Ostia,  Antium  Misenus,  and  others  among 
the  Romans. 

We  are  informed  by  Josephus,  that  Herod,  desiring 
to  form  a  port  on  the  coast  of  Syria,  between  Joppa 
and  Dora,  caused  great  stones,  most  of  them  50  feet 
long  by  10  w;de  and  9  deep,  and  some  even  larger, 
to  be  cast  into  the  sea  in  20  fathoms  of  water,  with 
a  view  of  forming  a  foundation  for  a  mole  or  break- 
water. 

The  Romans  constructed  the  moles  or  breakwaters 
of  many  of  their  harbors  upon  a  double  row  of  arches, 
so  arranged  that  the  openings  of  one  set  were  oppo- 
site the  piers  of  the  otner,  by  which  means  the  loree 
of  the  waves  was  thoroughly  broken,  while  still 
permitting  the  passage  of  the  current,  thus  great- 
ly reducing  the  accumulation  of  deposits  around  the 
base  of  the  structure,  and  consequent  tendency  to- 
wards filling  up  the  harbor.  The  piers  of  the  new 
river- frontage  of  New  York  are  to  be  constructed  on 
pillars  which  allow  free  course  to  the  water,  being  in- 
tended for  wharfage,  not  wave-breakers. 

The  breakwater  of  Cherbourg  was  commenced  in 
1784.  Its  total  length  is  4,120  yards,  consisting  of 
two  arms,  respectively  2,441  and  1,679  vardslong, 
forming  an  obtuse  angle  of  169**  towards  the  sea. 
The  average  depth  of  water  inclosed  is  62  feet  at 
high  spring-tiaes,  and  the  area  sheltered  is  about 
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1,927  acres,  about  one  third  of  which  has  a  depth 
exceeding  27  feet  at  low-water  spring-tides. 

Ossart's  plan  for  breakwaters  at  the  latter  part  of 
the  last  century  consisted  of  laige  truncated  cones 
of  timber  floated  by  means  ofair-barrels  lashed 
thereto,  and  towed  to  the  spot.  These  were  150 
feet  in  diameter  at  the  bottom,  64  at  the  top,  and 

Fig.  882. 


OsaarVa  BnaktctUer. 

70  feet  high.  Ninety  such  cones  were  to  be  placed 
consecutively,  to  form  a  breakwater  when  sunic  and 
filled  in  with  stone.  The  project  was  only  partially 
carried  out.  The  timbers  were  dislocated  and  the 
stones  scattered.  The  work  was  renewed  by  addi- 
tions of  stone  till  it  reached  the  level  of  low-water 
spring-tides  ;  upon  these  was  laid  a  bed  of  hydraulic 
concrete  five  feet  thick,  and  upon  this  was  erected 
a  solid  wall  of  coursed  ashlar  masonry  faced  with 

Cite.  The  top  of  the  sea-slope  is  covered  with 
^ ;  loose  blocks^and  at  the  extremities  of  the  wings 
it  is  farther  protected  by  immense  artificial  blocks, 
weighing  about  40  tons  each,  formed  of  rubble  set  in 
hydraulic  cement.  Fig.  883  (a)  shows  a  section  of 
this  work. 

6  is  a  section  of  the  breakwater  off  Plymouth,  Eng- 
land, to  protect  the  harbor,  which  is  only  open  to 
the  south.  It  is  situated  upon  the  inner  of  three 
natural  reefs  of  rock,  which  lay  outside  the  harbor, 
and  closes  what  was  once  a  central  passage,  leaving 
open  passages  to  the  east  and  west.  The  main  body 
is  placed  perpendicularly  to  the  S.S.E.,  and  is  1,000 
yards  long.  Wings  at  each  end  form  angles  of  135% 
and  are  each  350  yards  in  length.  A  surface  of  1,120 
acres  is  protected.  It  is  133  yards  wide  at  bottom, 
15  at  top  ;  a  set-oiT  22  yards  wide  forms  a  fore- 
shore on  the  sea  side.  The  upper  portion  is  revetted 
with  masonry  laid  in  Roman  cement  on  both  faces 
and  crown.  The  hight  of  the  latter  is  2  feet  above 
high -water  spring -tides.  4,105,920  tons  of  stone 
were  used  in  the  constmction.  Cost,  $7,500,- 
000. 

Delaware  Breakwater  is  situated  just  inside  of 
Cape  Henlopen,  the  southwestern  point  of  land  at 
the  entrance  of  Delaware  Bay,  and  was  intended 
to  form  a  harbor  of  refuge  dunng  storms  for  vessels 
passing  along  the  coast.  The  work  was  commenced 
in  1829.  It  consists  of  two  parts,  the  breakwater 
proper  and  the  ice-breaker.  Tlie  former  is  1,203 
yards  long,  extending  in  an  E.S.E.  and  W.N.W. 
direction.  The  ice-breaker  is  designed  to  protect 
the  harbor  from  floating  ice  brought  down  by  the 
Delaware  River,  is  500  yards  long,  and  lies  in  an  E. 
by  N.  and  W.  by  S.  direction,  having  a  passage  of 
350  yards  between  it  and  the  breakwater,  the  prolon- 
gation of  which  would  pass  near  the  center  of  the 
ice-breaker.  The  work  protects  from  the  more  dan- 
gerous winds  an  area  of  about  420  acres,  having  a 
depth  of  3  to  6  fathoms,  leaving  a  passage  of  about 
1,000  yards  in  length  between  the  shore  and  its 
landward  extremitv. 


BREAKWATER. 
rig.  88& 


BttoleUHttfT9. 

The  width  of  the  structure  is  175  feet  at  ba.se  and 
30  feet  at  top,  and  it  is  composed  of  rough  blocks  of 
stone.  A  transverse  section  is  shown  at  c.  Fig.  882. 
The  inner  slope  has  an  angle  of  45%  the  outer  slope 
has  an  inclination  of  3  base  to  1  of  hight  to  a  depth 
of  about  19  feet  below  the  highest  spring- tides,  and 
from  thence  to  the  bottom  of  45°. 

Breakwaters  have  also  been  constructed  by  the 
United  States  government  at  several  lake-ports, 
particularly  at  Bufialo  and  Cleveland  on  Lake  Erie, 
and  Chicago  on  Lake  Michigan. 

The  covering  pier  or  breakwater  of  Buffalo  Harbor 
{d.  Fig.  883)  is  built  of  stone,  and  cost  about  $  200,- 
000.  The  illustration  shows  a  cross-section.  It  meas- 
ures 1,452  feet  in  length.  The  top  of  the  pier  on 
which  the  roadway  is  formed  measures  eighteen  feet  in 
breadth,  and  is  elevated  about  five  feet  above  the 
level  of  the  water  in  the  harbor.  On  the  side  of 
the  roadway  which  is  exposed  to  the  lake,  a  parapet- 
wall,  five  feet  in  hight,  extends  along  the  whole 
length  of  the  pier,  from  the  top  of  which  a  talus 
wall,  battering  at  the  rate  of  one  perpendicular  to 
three  horizon^,  slopes  towards  the  lake.  This  slop- 
ing wall  is  formed  of  coursed  pitching.  Its  founda- 
tions are  stn^ured  by  a  double  row  of  strong  sheeting- 
piles  driven  into  the  bed  of  the  lake,  and  a  mass  of 
rubble  pirrres  perdues,  resting  on  the  toe  of  the  slope. 
The  quay  or  inner  side  of  the  pier  is  perpendicular,- 
and  is  sheathed  with  a  row  of  sheeting-piles,  driven  at 
intervals  of  about  five  feet  apart  from  center  to  cen- 
ter, to  prevent  the  wall  from  being  damaged  by  ves- 
sels coming  alongside  of  it. 

The  harljor  of  the  city  of  Pemambuco,  in  Brazil, 
is  defended  by  a  natural  breakwater,  — a  reef  of  hard 
coral  just  level  with  the  sea,  and  extending  for  miles 
along  the  coast,  parallel  with  the  main-land  and  but 
a  ver>'  short  distance  from  it,  leaving  a  narrow  chan- 
nel of  sufficient  depth  to  float  vessels  of  considerable 
size  between  them. 
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Here  ships  may  ride  in  yerfect  safety,  the  water 
being  as  smooth  as  a  mill-pond,  while  the  sea  is 
breaking  furiously  upon  the  reef,  even  at  times 
casting  its  spray  on  the  decks  of  vessels  moored  in- 
side. 

Break'vra-ter-gla^cis.  {Hydraulic  Engineer- 
ing.) A  ston^  pavement.  The  sloping  stone  paving 
next  the  sea  m  piers  or  breakwaters. 

Bream'ing.  (NaiUical.)  Cleansing  the  ooze, 
shells,  seaweed,  etc.,  from  the  bottom  of  a  ship  by 
a  flashing  hre  and  sciTtping. 

Breast.  1.  {AgrictiUure.)  The  forward  part  of 
a  plow's  mold-board. 

2.  {Carpentry.)  The  lower  side  of  a  hand-rail,  a 
rafter,  the  rib  of  a  dome  or  of  a  beam. 

3.  {Mining.)    The  face  of  a  coal- working. 

4.  {Architecture.)  a.  That  portion  of  a  wall  be- 
tween the  window  and  the  floor. 

b.  That  portion  of  a  chimney  between  the  flues 
and  the  apartment. 

5.  {Machinery. )  A  bush  connected  with  a  small 
shaft  or  spindle. 

6.  {Hydraulics.)  The  curved  wall  up  to  which 
the  floats  of  a  water-wheel  work,  and  which  pre- 
vents, as  far  as  possible,  the  waste  of  water. 

7.  {Sheet-iron  JVare.)  As  applied  to  milk-cans, 
coffee  and  tea  pots,  and  similar  articles,  this  word 
denotes  the  bulging  or  rounded  top  which  intervenes 
between  the  lid  or  cover  aud  the  cylindrical  portion 
which  forms  the  body  of  the  vessel. 

8.  {Vehicle.)  The  middle^  sicellf  or  bulge  of  a 
nave  or  hub. 

9.  The  front  of  a  furnace. 

10.  The  imrt  of  nn  object  against  which  the  breast 
pushes  in  some  machines,  such  as  the  Weast-driW, 
breast'piow,  etc. 

Breast-band.  {Saddlery.)  A  band  passing 
across  the  bi^east  of  the  draft  animal,  and  to  which 
the  traces  or  tugs  are  attached.  It  is  a  substitute 
for  a  collar. 

Breast-beam.  1.  {Shipu^iglUing.)  A  beam  at 
the  break  of  a  quarter-deck  or  forecastle. 

2.  ( Weaving. )    The  cloth-beam  of  a  loom. 

8.  {Railroad  Engineering.)  The  forward  trans- 
verse beam  of  a  locomotive. 

Breast-board.  {Rope-mahing.)  A  loaded  sled 
to  which  are  attached  the  end  yams  at  the  foot  of 
the  walk.  As  the  yams  are  twisted  into  a  strand 
they  become  short«M-  and  draw  the  sled  towai-ds  the 
head  of  the  walk,  the  load  on  the  sled  maintaining 
the  necessaiy  tension.  The  yams  are  usually  short- 
ened one  third  by  the  twisting,  and  lose  about  thir- 
ty per  cent  in  so  doing.  The  twist  is,  however, 
necessary,  to  give  the  ref[uisite  rigidity,  to  prevent 
the  fibers  sliding  on  each  other,  and  to  partially  ex- 
clude wet.  The  addition  of  tar  increases  the  poweir 
of  excluding  water. 

Rope  not  twisted,  but  bound  tightly  together,  is 
stronger  than  t>^'isted  rope,  but  is  soft  and  not  dur- 
able, the  yams  readily  admitting  water,  which  rots 
the  rope. 

Breast-ohaiZL  {Saddlery.)  A  chain  reaching 
between  the  hame-rings,  its  loop  passing  through 
the  ring  of  the  neck-yoke,  to  support  the  tongue. 

In  carriage  harness,  the  hame  is  destitute  of  the 
rings,  and  the  strap  is  passe<l  around  the  lower  part 
of  the  collar.     See  Neck-yoke. 

Breast-ooriar.  (Harness.)  A  pulling  strap 
which  passes  around  the  breast  of  the  hoi*se  ;  a  sub- 
stitute for  a  collar,  which  encircles  the  neck  and  rests 
against  the  shoulders.  In  the  example  the  breast- 
strap  is  padded,  and  the  two  pieces  are  connected  by 
a  snap.  A  plate  upon  it  holds  tlu-  breast-rings  and 
tug-buckle  pieces.  , 


Fl^.  884. 


Breast-drilL     {Metal-working.)     A  drill-stock 
operated  by  a  crank  a,  and  bevel  gearing  b,  and  hav- 

Flg.886. 


Breast- DriU, 

ing  a  piece  c  against  which  the  workman  bears  his 
breast  when  engaged  in  drilling. 

Brea8t-£BWt.  {Nautical.)  A  mooring  hawser  to 
confine  the  ship's  broadside  to  a  quay  or  wharf. 
Bow  or  head  fast  and  stem-fast  indicate  ropes  of  dif- 
ferent positions  but  similar  duty. 

Breast-har'ness.  {Saddlery.)  A  horse -gear 
arranged  to  pull 

by abandin  front  Fig.  886. 

01  the  breast,  in- 
stead of  a  collar. 
Breast-hight 
{Fortification.) 
The  interior 
slope  of  a  para- 

lK*t. 

Breast-hook. 

( Sh  ipbuilding. ) 
One  of  the  curved 
horizontal  tim- 
bers placed  in- 
side tne  bow  as 
struts  to  support 
and  ties  to  con- 
nect the  sides. 
Also  called 
breast-knee.  Breast- Harness, 

Breast'ing. 
1.  (Mill.)    The  curved  masonry  against  which  the 
shuttle  side  of  a  breast- wheel  works,  and  which  pre- 
vents the  water  from  slipping  past  the  wheel. 

The  scoop-wheel  has  also  a  breaking  which  con- 
fines the  water  raise«l  thereby.     See  Scoop-wheel. 

2.  {Paper-nuiking.)  The  concave  bed  against 
which  the  wheel  of  a  rag-engine  works  ;  between  the 
two  is  the  throat.     See  Rag-engine. 

Breast-line.  The  rope  connecting  the  pontons 
of  a  military'  bridge  in  a  straight  direction. 
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Breast-mold'ingi.  (Oarpentry.)  Window-sill 
moldings.     Panel  moldings  beneath  a  window. 

Breast-plate.  1.  A  plate  which  receives  the 
hinder  end  of  a  drills  and  by  which  pressure  is  ap- 
plied. Formerly  held  against  the  breast,  it  still 
retains  its  name,  even  when  otherwise  supported.  A 
antsdence  or  paUUe.    See  Breast-drill. 

2.  Armor  for  the  breast.  The  forward  portion  of 
a  cuirass. 

Breaat-plow.  (fftisbandry.)  A  shovel  whose 
handle  has  a  cross-piece  applied  to  the  breast,  and 
used  for  paiing  turf  or  sods. 

Breaat-pump.  (SurgicaL)  Ako  known  as  cmt- 
lia  ladea  or  omtlia  Tjiammaria. 

A  pump  having  a  cup  adapted  to  fit  over  the  nip- 
ple, m  onier  to  withdraw  milk  from  the  manvna 
when  this  cannot  be  effected  in  a  natural  way. 

In  one  example  the  receiver  has  an  opening  which 
in  use  is  covered  by  the  thumb  and  serves  as  an  exit 
for  the  milk.    The  air  is  drawn  off  through  an  up- 

F|g..887. 


Breast-Pump. 


turned  tube,  which  prevents  the  access  of  lic^uid  to 
the  valves.  The  valves  consist  of  two  cylindrical 
flanged  caps,  whose  ends  are  perforated  and  inclose 
between  them  a  valve-disk  of  rubber. 

In  the  other  example  the  suction-nipple  is  of  riffid 
material,  and  has  side  discharge  into  the  flexible  pipe 
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communicating  with  the  elastic  bulb.  The  latter  has 
induction  and  eduction  valves. 

Breaat-raiL  (Shipwrighting.)  The  upper  rail 
of  a  balcony  or  of  a  breastwork  on  the  quarter-deck. 

Breaat-atrap.  (Saddlery.)  A  strap  passing  from 
the  haint-ringa  or  from  the  gullet  of  the  collar,  to 
support  the  tongue  or  pgle  of  the  vehicle. 

Breaat-atrap  Har'neaa.  (Saddlery.)  That  which 
has  a  strap  around  the  breast  instead  of  a  collar.  In  the 
example  the  breast-collar  is  supported  as  usual  from 


the  withers,  and  Fig.  889. 

at  its  rear  ends 
receives  the  tug- 
straps.  Other 
forward  attach- 
ments are  made 
to  the  breast- 
straps,  which  are 
connected  to  the 
neck-yoke  or 
tongue.. 

Breaat-atrap 
Slide.       {Har- 
ness.)    An  iron/( 
loop  which  slips  ^ 
on    the    breast- 
strap,  and  takes 
from   the  latter 
the  wear  of  the 
rinff  on  the  end 
of  the  neck-yoke. 
The  ends  of  the 
breast-strap  are  passed  through  the  rings  on  the 
harness. 

A  detachable  tongue  or  pin,  made  with  a  double 
point  and  a  flange  at  the  center,  engages  with  the 

Fig.  890. 


Bteast- Strap  Hamas. 


•        Brtast'Strap  Slide,  . 

breast-Strap  when  the  slide  is  to  be  held  fixedly  on 
the  strap,  and  is  removed  when  it  is  desired  that 
the  slide  should  yield  or  play  on  the  breast-strap. 

Breaat-aum'mer.  (Carpentry.)  A  beam  in- 
serted flush  uith  the  house  front  which  it  supports, 
and  resting  at  its  ends  upon  the  walls  and  at  inter- 
mediate points  upon  pillars  or  columns.  Common  in 
store  fronts.  Written  also  (incorrectly)  bres-summery 
brest-siimmer. 

Breaat-vrall.    (Masonry.)    a.  One  built  breast- 

:h. 

A  wall  erected  to  maintain  a  bank  of  earth  in 
position,  as  in  a  railroad  cutting,  a  sunk  fence,  etc. 

Fig.  891. 


Breast-  WhUs. 

The  thickness  and  batter  of  the  breast-wall  depend 
upon  the  character  and  inclination  of  the  strata.  It 
is  held  to  be  a  safe  rule  to  make  the  base  of  the  w^ 
not  less  than  one  fourth,  and  the  bcUter  not  less  than 
one  sixth,  of  the  vertical  bight  of  the  wall. 
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Where  the  strata  are  horizontal,  a  mere  casing  may 
be  sufficient,  but  its  stren^h  must  be  considerably 
increased  when  the  strata  incline  towards  the  wall. 
The  thickness  required  will  also  depend  upon  con- 
siderations of  the  cohesion  of  the  earth,  dryness,  or 
tendency  to  moisture,  drainage,  and  the  peculiar  su- 
perposition and  dip  of  strata  indicating  land-slips. 

Breast-vrheel.  A  wheel  to  which  the  water  is 
admitted  about  on  a  level  with  the  axle,  and  main- 
tained in  contact  with  it  by  a  breaking  (6),  or  cas- 

Fig.  892. 


Breasl'Whtel. 


ing,  which  incloses  from  60  to  90*  of  the  periphery 
of  the  wheeL  The  wheel  may  have  radial  or  hollow 
buckets. 

The  peripheral  inclosure  is  sometimes  called  bre(cst- 
ing,  or  soUing,  and  the  casing  at  the  ends  of  the 
wheel  is  called  shnmding. 

Breast-wheel  Bteam-en'gine.  A  form  of  ro- 
tarij  sUam-engiiie  in  which  a  jet  of  steam  is  made  to 
impinge  upon  the  floats  of  a  wheel  rotating  in  an  air- 
tight case.  • 

The  first  steam-engine  of  this  class  was  one  of  the 
earliest  on  record.  Brancas,  A.  D.  1520,  had  a  cop- 
per boiler  and  eduction -pipe,  the  steam  issuing  from 
which  rotated  the  vanes  of  a  shaft,  which  {on  dil) 
worked  pestles  for  grinding  materials,  raising  water 
by  buckets,  sawing  timber,  etc. 

CoRDER  AND  Locke's  brcost-whccl  engine  is  one 
form  of  the  rotary  steam-engine,  having  neither  pis- 
ton nor  valves.  It 
^^^93  consists   of    a 

wheel  rotating  in 
an  air-tight  case, 
receiving  a  jet 
of  steam  intro- 
duced in  a  tan- 
gential direc- 
tion, the  case 
having  free  com- 
munication with 
acondenner.  The 
action  upon  the 
wheel  is  analo- 
gous to  that  of 
water  upon  a 
breast-wheel, 
the  steam  im- 
pinging with  a 
force  determined 
by  its  pressure 
and  with  an  ef- 

Corderand  Locke'' a  Rotary  Steam-Erupne.  fect    proportion - 

ate  to  the  size  of 
the  float  or  bucket  upon  which  it  acts. 


The  action  of  the  condenser  is  auxiliary  ;  making 
a  partial  vacuum  in  the  case,  increasing  the  abso- 
lute pressure  of  the  steam,  which  passes  in  to  fill  the 
void.  The  shaft  of  the  wheel  passes  through  stuflf- 
ing-boxes  at  the  center  of  the*  circular  case,  and  is 
supported  externally  by  bearings. 

a  is  the  engine-shaft. 

bf  the  revolving  wheel. 

c,  the  air-tight  steam-case. 

df  the  steam -pipe. 

e,  the  throttle-valve. 

/,  the  eduction-pipe. 

g,  the  condenser. 

A,  the  injection-cock. 

i,  the  cold-water  cistern. 

The  condensing  apparatus  has  the  usnal  pumps, 
not  shown  in  the  cut. 

BreaBt'work.  1.  {Fortification.)  A  hastily  con- 
structed parapet  made  of  mateiial  at  hand,  such  as 
earth,  logs,  rails,  timber,  and  designed  to  protect 
troops  from  the  fire  of  an  enemy. 

2.  (Shipbuilding.)  A  railing  or  balustrade  stand- 
athwartships  across  a  deck,  as  on  the  forward  end  of 
the  quarter-deck  or  round-house. 

The  beam  supporting  it  is  a  breast-beaTn. 

3.  The  para]>et  of  a  building. 

Brec'cuL  {Masonry.)  A  kind  of  marble  com- 
posed of  a  mass  of  angular  fragments,  closely  ce- 
mented together  in  such  a  manner  that  when  broken 
they  form  brecfies  or  notches. 

Breeoh.  1.  {Fire-anns  and  Ordnance.)  The  rear 
portion  of  a  gun  ;  the  portion  behind  the  chamber. 

2.  {Shipbuilding.)  The  outer  angle  of  a  knee- 
timber  ;  the  inner  angle  is  the  throat. 

Breech-blook.  A  movable  piece  at  the  breech 
of  a  breech-loailing  ^n,  which  is  withdrawn  for  the 
insertion  of  a  caitndge  and  clased  before  firing,  to 
i-eceive  the  impact  of  the  recoil.  This  is  the  great 
problem  in  the  breech-loading  gun.  Under  Fire- 
arm the  subject  is  treate<l,  the  invention  being 
divided  into  2  genera,  91  species,  and  21  varieties, 
according  to  the  mode  of  moving  tljp  block  relatively 
to  the  barrel  or  the  barrel  to  the  block.  The  prob- 
lem is  to  open  the  rear  of  the  bairel  and  close  it 
again.     See  Fire-arm. 

Breeoh'inc.  1.  {Ordnance.)  A  rope  secured  by 
a  thimble  to  the  breeching-loop  of  a  ship's  gun,  and 
attached  by  its  ends  to  ring-boits  on  cAch  side  of  the 
port-hole,  serving  to  limit  the  recoil  of  the  gun  when 
fired. 

The  breeching-loop  occupies  the  place  of  the  ordi- 
nary cascabel. 

2.  {Harness.)  The  portion  which  comes  behind 
the  buttocks  of  a  horse,  and  enables  him  to  hold 
back  the  vehicle  in  descending  a  hill. 

3.  A  bifurcated  smoke-pipe  of  a  furnace  or  heater. 
Breeoh'ing-hook.     (Vehicle.)    A  loop  or  hook 

on  the  .shaft  of  a  carriage  for  the  attachment  of  the 
strap  of  the  breeching,  by  which  the  horse  bears 
backwardly  against  the  load  in  descending  a  hill. 

Breec^'iiief-loop.  The  loop  of  the  cascabel  in 
ships'  guns,  through  which  the  breeching  goes  to 
prevent  the  recoil. 

Breech-load'er.  A  fire-arm  in  which  the  load 
is  introduced  at  the  rear  instead  of  at  the  muzzle. 
The  use  of  breech-loaders  goes  back  to  the  sixteenth 
century  ;  indeed,  it  is  probable  that  that  form  of  arm 
is  ajwut  as  old  as  the  muzzle-loader.  See  Fire-arm  ; 
Revolver  ;  Magazink-gun  ;  Cannon.  See  klso 
list  under  Weapons. 

Breech-pin.  {Fire-arme.)  A  plug  screwed  into 
the  rear  end  of  a  bam^l,  forming  the  bottom  of  the 
charge-chamber.  Otherwise  called  a  brecch-plug  or 
breedi-screw. 
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Breeoh-soreiKr.    {Fire^nna,)    The  plug  which 
closes  the  rear  end 
**«•  894.  of  the  bore  of  a  fire- 

*'  ——^  ^  ann  barrel.  The  parts 

are  known  as 
,  *  ill  e      a,  plug. 
0,  face. 
b,  tenon. 
Brttek-Senw,  c,  tang. 

dy  tang-screw  hole. 

Breaoh-sisht  {Fire-arms.)  The  hinder  sight 
of  a  giin.  In  coiy unction  with  the  front  sight  it 
serves  to  aim  the  gun  at  an  object  It  is  graduated 
to  degrees  and  fractions,  their  length  on  the  scale  be- 
ing equal  to  the  tangents  of  an  arc  having  a  radius 
equal  to  the  distance  between  the  front  and  rear 
sights.  The  front  sight  is  merelv  a  short  piece  of 
metal  screwed  into  the  gun,  usually  at  the  muzzle, 
but  sometimes  between  the  trunnions,  or  on  one  of 
the  rimbases,  with  its  upper  edge  parallel  to  the  bore 
of  the  gun.  The  rear  sight  may  be  detached,  having 
a  circular  base  fitting  the  base  of  the  gun,  or  may 
slide  through  a  slotted  lug,  and  be  retained  at  any 
given  hight  by  a  set  screw. 

The  breech-sight,  the  tangent  scale,  and  the  pendU' 
lum  are  merely  different  forms  of  this  device,  the 
latter  having  a  bulb  at  its  bottom  which  keeps  it  in 
a  vertical  position  when  the  two  wheels  of  the  car- 
riage are  not  at  the  same  level.  It  is  suspended  in 
a  seat  which  is  screwed  into  the  breech  of^the  gun. 
The  tangent  scale  has  steps,  corresponding  in  hight 
to  the  graduations  on  the  breech  sight  for  guns  of 
thfi  same  caliber  and  pattern  ;  and  is  only  applied 
to  the  gun  at  the  moment  of  sighting.  Siie  Back- 
sight. 

Breeoh-wrenoh.  A  wrench  used  in  turning  out 
the  breech-pin  pf  a  fire-arm. 

Breeze.  {Brick-making.)  Refuse  cinders  used 
for  burning  bricks  in  the  clamp. 

Breeze-ov'en.  A  furnace  adapted  for  burning 
coal-dust  or  breeze, 

Bre-luche'.  {Fabric.)  A  French  floor-cloth  of 
linen  and  worsted. 

Bre-quet'-ohain.  A  chain  for  securing  the  watch 
in  the  vest  pocket  to  a  button  or  button-hole  of  the 
vest. 

Bres'-sum-mer.  {Carpentry.)  A  girder  in  an 
extenial  wall,  supported  by  piers  or  pillars,  and  car- 
rying a  superincumbent  weignt.  Sometimes  written 
brcst-summer ;  properly,  breast-summer. 

Brett  {Vehicle.)  A  four-wheeled  carriage  hav. 
ing  a  calash  top  and  seats  for  four  besides  the  driver's 
seat.     A  short  term  for  britzska. 

Bret'tice.  {Mining.)  a.  A  vertical  wall  of  sep- 
aration in  a  mining-shaft  which  permits  ascending 
and  descending  cun-ents  to  traverse  the  respective 
compartments,  or  permits  one  to  be  an  upcast  or 
downcast  shaft,  and  the  other  a  hoisting  shaft ;  other- 
wise written  brattice. 

b.  A  boarding  in  a  mine,  supporting  a  wall  or 
roof. 

Breve.  (Printing.)  A  curved  mark  (**w^') indicat- 
ing the  Hhort  quantity  of  a  vowel ;  as,  —  Ep'i-gr&m. 

{Music.)  A  note  in  music  (**  op  ")  of  the  value  of 
four  minims. 

Bre-vler'.  (Printing.)  A  size  of  type  between 
bourgeois  and  minion. 

Bourgeois,  102  ems  to  the  foot 
Brevier,  112  ems  to  the  foot 
Minion,  128  ems  to  the  foot 

Brew'ing^  The  art  of  preparing  fermented 
liquors  from  grain.  Herodotus,  who  wrote  about 
450  B.  c,  says  that  the  Egyptians  made  their  **  wine" 


from  barley,  and  ascribes  the  invention  to  Isis,  wife 
of  Osiris.  The  Greeks  used  a  malt  liquor  under  the 
name  of  barley  wine,  having  learned  the  art  of 
making  it  from  the  E^^tians.  It  is  mentioned  by 
Xenophon,  401  b.  c.  According  to  Tacitus,  beer 
was  a  common  drink  among  the  Germans,  and  Pliny 
says  that  in  his  time  all  the  nations  of  the  West  of 
Europe  made  an  intoxicating  liquor  from  grain  and 
water.  The  description  given  by  Isidorus  and  Oro- 
siua  of  the  manner  of  its  pre|>aration  in  Britain  and 
other  ancient  Celtic  countnes,  applies  precisely  at 
the  present  day,  so  far  as  the  infusion  of  malt  is  con- 
cerned, but  no  mention  is  made  of  the  use  of  hops. 
These  do  not  appear  to  have  been  used  by  the  Greeks, 
Romans,  or  early  Germans,  though  the  plant  grows 
wild  in  Europe.  It  is  first  mentioned  in  a  letter  of 
Pepin  (a.  d.  752),  who  speaks  of  humuloimrice  (hop- 
gardens). It  is  again  referred  to  by  Adelard,  Arch- 
bishop of  Larby,  822. 

Hops,  pressed  into  masses  like  bricks,  have  been 
placea  by  the  Chinese  in  their  beer  from  time  imme- 
tnorial  The  same  custom  is,  or  was,  practiced  in 
Bohemia.  They  were  introduced  into  England  by 
a  native  of  Artois  about  the  beginning  of  the  fifteenth 
century,  but  their  use  was  opposed  by  physicians  from 
the  supposition  that  they  made  the  beer  unwhole- 
some. The  cultivation  was  forbidden  b)'  acts  of 
Henry  VI.  and  Henry  VIII.,  but  eventually  survived 
this  ii^jurious  legislation. 

The  manufacture  of  beer  must  have  been  carried 
on  to  a  considerable  extent  among  the  Anglo-Saxons, 
as  ale  is  mentioned  in  the  laws  of  Ina,  king  of  Wes- 
sex,  and  at  after  periods. 

Malting  is  the  first  step  in  the  process  of  making 
fermen tea  liquors *from  grain,  and  for  this  any  of  the 
cereals,  such  as  wheat,  oats,  buckwheat,  rice,  or  In- 
dian com,  may  be  employed,  but  the  preference  has 
been  univei-sally  given  to  barley. 

The  barley  is  steeped,  to  saturate  and  swell  the 
grain,  laid  in  piles  to  germinate,  being  spi*ead  and 
turned  to  allow  access  of  air  ;  when  the  stem  or 
acrosjnre  has  nearly  reached  the  end  of  the  kernel, 
the  germination  is  stopped  by  heating  the  malt  in  a 
kiln.   The  roots  fall  off  in  the  drying  and  screening. 

The  malt  is  coarsely  ground  and  mashed  ;  water, 
at  a  heat  of  160"  or  170*,  dissolving  the  sugar  devel- 
oped by  the  malting,  and  allowing  the  diastase  to  act 
upon  any  remaining  starch  which  has  continueil  un- 
changed. Water  at  194'  is  added  to  complete  the 
infusion,  and  the  trort  is  drawn  off.  Successive 
amounts  of  water  remove  remaining  soluble  matter. 
A  saccharonicter  is  used  to  test  the  strength  of  the 
infusion,  which  is  then  boiled  with  hops  in  a  copper 
boiler.  It  is  then  strained,  cooled,  yeast  added,  al- 
lowed to  ferment,  transferred  to  storage-vats,  or 
drawn  off  at  once  into  barrels. 

Brevr-ket'tle.  (Brewing.)  The  vessel  in  which 
the  wort  and  hops  are  boiled. 

Bri'ar-tooth.  Properly  Brier-tooth  (which 
see). 

Brick.  A  molded  and  burned  block  of  tempered 
clay.  The  word  is  also  applied  to  the  block  in  its 
previous  conditions,  as  a  molded  plastic  mass,  and 
a.s  a  dried  block  in  which  the  water,  hvgrometrically 
combined  with  the  clay,  is  driven  off.  When  this 
condition  is  accepted  as  a  finality,  the  block  so  dried 
is  an  adobe.  The  burning  of  the  previously  dried 
brick  drives  off  the  chemically  combined  water,  and 
forever  changes  the  character  of  the  mass.  An  adobe 
may  become  re-saturated  with  water,  and  resume  its 
plasticity ;  a  brick  may  become  rotten  and  disinte- 
grated, but  not  plastic. 

Travelers  on  the  Euphrates  give  extraordinar>' 
accounts  of  the  mounds  of  bricks  at  Birs  Nimnxi, 
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the  supposed  site  of  Dabylon,  and  the  remains  of 
other  cities  of  the  stoueless  plains  of  the  Euphrates 
and  Tigris.  The  men  on  the  plains  of  Shinar  who 
said,  '*Go  to,  let  us  make  brick,  and  bum  them 
thoroughly  "  (Gen.  xi.  3  ;  2247  B.  c),  and  who  laid 
them  up  with  slime  (bitumen),  made  a  very  thorough 
job  of  it,  if  the  true  site  has  been  found.  Rawlin- 
son,  Layard,  Mignau,  Rennel,  and  manv  others,  have 
found  at  various  places,  sun-dried  and  kiln-bumeil 
brick  of  large  size  and  in  incalculable  quantity.  The 
buried  palace  of  Nebuchadnezzar  has  for  a  long  se- 
ries of  years,  indeed,  provided  bricks  for  all  the  build- 
ings in  the  neighborhood  ;  there  is  scarcely  a  house 

ng.886. 


Bal^illonuh  Brick. 

in  Hillah  which  is  not  almost  entirely  built  with 
them. 

**  It  was  the  custom  of  Nebuchadnezzar  to  have 
his  name  stamped  on  every  brick  that  was  used  dur- 
ing his  reign  in  erecting 
his  colossal  palaces.  Those 
palaces  fell  to  ruins,  but 
from  the  ruins  the  ancient 
materials  were  carried  away 
for  building  new  cities  ; 
and  in  exammin  s  the  bricks 
in  the  walls  of  tne  modem 
city  of  Baghdad,  on  the 
borders  of  the  Tigris,  Sir 
Henry  Rawlinson  discov- 
ered on  each  the  clear  traces 
of  that  royal  signature." 
—  MifLLER,  "  Science  of  _ 
Language."  See  also ''Re- 
searches of  Delia  Valli," 
1616  ;  and  Rich,  1815. 

These  bricks  are  red  or 
pale  yellow,  and  are  some- 
times disposed  in  mosaic. 
Their  sizes  vary  12  x  12  x 
3  inches  to  19}  inches 
square  and  3}  thick.  Some 
are  rounded  at  the  comers 
for  quoins  or  .special  work. 
The  bricks  are  almost  uni- 
versally stamped  out  of  a 
mold,  and  impressed  with 
cuneiform  inscriptions  in  a  sunken  rectangular  panel. 

The  inscription  on  the  brick  (Fig.  895)  is,  — 


which  fonn  so  important  a  part  of  the  Turcoman  and 
Calmuck  ciiurim  are  known  as  brick  tea. 

Herodotus  (450  B.  c),  who  had  heard  of  this  spe- 
cies of  food,  supposed  it  to  be  a  kind  of  fruit,  dried 
and  pressed.  He  says :  '  *  The  iuice  which  runs  off  is 
black  and  thick,  and  is  called  by  the  natives  [Scythi- 
ans] aschy.  They  lap  this  up  with  their  tongues, 
and  also  mix  it  with  milk  for  a  drink  ;  while  they 
make  the  lees,  which  are  solid,  into  cakes,  and  eat 
them  instead  of  meat."  —  Herodotus,  IV.  23. 

Their  descendants  do  the  same  to  this  day. 

The  bricks  of  Thothmes  III.  are  impressed  with 
his  cartouche.  The  Roman  brickmakers  had  their 
special  marks.  The  Twenty-second  legion  has  been 
traced  through  Germany  by  the  bricks  which  bear 
its  name.  Roman  bricks  are  found  at  Caer-leon,  in 
England,  inscril)ed  LEG.  II.  AUG.  Bricks  at  York, 
England,  attest  the  presence  there  of  the  Sixth  and 
and  Ninth  Legions. 

Of  the  Egyptian  bricks,  the  following  proportions 
are  given  by  Wilkinson  :  — 

One  of  One  flrom  the 

A  brick  of  Amounopt  III.  (in  Pyramid  of 

Thothmes  in.  British  Museum).          Howum. 

Length           12  in.  11.3  in.  17  in. 

Width              9  5.8                       8.8 

Thickness        6J  3.9                      3.8 

Weight          87+8  lbs.  13  lbs.                 48Alhs. 

Enameled  bricks,  brightly  colored,  are  abundant  in 
the  mound  of  the  MujeTlibeh,  in  Mesopotamia.     The 

{>rincipfd  colors  are  a  brilliant  blue,  red,  a  deep  yel- 
ow,  white,  and  black. 

The  bricks  in  the  Pyramids  of  Dashour  are  adol)e, 
16  inches  long,  8  wide,  and  4^  thick  ;  some  made 
with  straw  and  some  without. 

The  mud  of  the  Nile  is  the  only  material  in  Egypt 
for  brickmakin^,  and  the  modem  process  is  tne 
same  as  the  ancient,  as  may  be  seen  by  the  drawings 

Fig.  896. 


"  Nebnchadn 
the  King  of  Babylon, 
foander  of  Beth-Digl*,  or  Saggalu, 
andofBeth-Tslda, 
son  of  NepoUUnr.^' 

From  their  peculiar  form,  tlie  pressed  cakes  of  tea 


Anctent  Egyptian  Brirkmakrrs  (  Thebes) 

on  the  tombs.     The  annexed  cut  is  from  a  painting 
on  a  tomb  in  Thebes. 

Some  of  the  men  {abed)  are  represented  digging 
and  mixing  clay  and  mud  ;  others  are  carrying  clay 
(«),  and  dipping  water  from  the  river  (^),  and  carry- 
ing it  in  jars;  while  others  are  molding  bricks  (A  f\, 
and  laying  them  out  on  the  ground  to  dry.  j  k  are 
carrying  bricks  ;  I  returning  with  his  yoke  mipty  ; 
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m  n  are  taskmasters.  The  modem  plan  is  the  same  ; 
.  a  bed  is  made  into  which  mud  and  water  are  thrown, 
together  with  large  quantities  of  cnt  straw.  This  is 
tramped  into  a  mortar,  taken  out  in  lumps,  and 
shaped  in  molds,  or  bv  the  hands.  It  is  sun-dried, 
not  burned.  The  bricks  of  Egypt,  ancient  and  mod- 
em, are  adobes. 

The  business  of  brick-making  is  believed  to  have 
been  a  I'oyal  monopoly  in  Kgypti  and  Wilkinson 
states  that  more  bricks  are  found  in  Egypt  with  the 
stamp  of  Thothmes  III.  than  of  any  other  mon- 
arch. He  is  believed  to  be  the  prince  who  reigned 
at  the  time  of  the  Exodus  of  the  Hebrews. 

A  pyramid  of  brick  was  erected  by  Asychis,  who, 
accoramg  to  Herodotus,  preceded  the  kins  who  was 
dispossessed  by  Sabaco  the  Ethiopian,  and  who  was 
restored  and  eventually  succeeded  by  Sethos,  a  con- 
temporary of  Sennacherib  and  Tirhakah,  about  700 
B.  c.  Four  pyramids  of  this  material,  according  to 
Wilkinson,  still  remain  in  Lower  Egypt,  independent 
of  several  smaller  ones  at  Thebes.  Two  are  close  to 
Memphis  and  the  modem  town  of  Dashoor ;  the  oth- 
ers stand  at  the  entrance  to  the  Fyoom.  They  are 
built  of  adobes,  and  their  chambers  nav.e  arched  brick 
ceilings  ;  but  the  arch  was  long  previously  used  in 
Theb£,  and  was  invented  and  used  in  Upper  Egypt 
many  centuries  before  Asychis. 

No  trace  of  a  bumed  brick  has  been  found  of  the 
ancient  age  represented  by  the  tumuli-builders  of 
North  America. 

Strabo  speaks  of  bricks  made  of  an  earth  at  Pitane, 
in  the  Ti*oad,  so  light  that  they  swam  in  water.  Po- 
sMdonius  speaks  of  bricks  made  in  Spain  "of  an  argil- 
laceous earth  wherewith  silver  vessels  are  cleansed 
[rottenstone],  and  so  light  as  to  float  in  water." 

The  Roman  bricks,  in  the  tim^  of  Pliny,  were  of 
three  sizes,  the  largest  a  foot  and  a  half  in  length 
by  a  foot  in  breadth,  and  called  the  Lydian.  The 
names  of  the  others  were  derived  from  their  being 
respectively  four  and  live  palms  in  length.  He  cites 
the  great  use  of  them  by  the  Gi-eeks,  and  declares 
them  unfit  for  use  in  Roman  dwellings,  where  no 
party  walls  were  allowed  to  excet^d  a  foot  and  a  half 
in  thickness,  and  that  thickness,  he  declares,  "  would 
not  support  more  than  a  single  story,"  The  build- 
ings in  Rome  were  limited  by  Augustus  to  a  hight 
of  seventy  feet.  If  Pliny  could  see  some  of  our  mod- 
em walls  of  six-story  hight,  he  would  tremble  for 
the  occupants.  The  inference  is  that  wood  was  the 
principal  material  for  building  in  Rome,  and  this 
view  is  confinned  by  the  extent  and  destractiveness 
of  their  fires.  He  farther  cites  that  the  walls  of 
Babylon  were  of  brick  cemented  with  bitumen,  and 
that  the  latter  was  imported  from  thence  into  Rome 
as  a  medicinal  agent,  and  a  material  for  varnishing 
heads  of  nails  and  various  other  articles  of  iron. 

The  Romans  used  lai^e,  thin  bricks  or  wall-tiles 
as  a  bond  in  their  mbble  constmctions,  and  such 
continued  to  be  used  in  England  until  regular  ma- 
sonry was  introduced  shortly  before  the  Norman 
Conquest,  1066.  After  the  great  fire  of  London, 
1666,  brick  was  substituted  for  wood  in  the  erection 
of  building  in  London. 

The  ancient  nations  excelled  in  the  quality  of  their 
bricks,  which  vras  probably  owing  to  the  abundance 
of  labor,  good  sunshine,  and  patience.  The  thorough 
woVking  and  tempering  of  the  clay,  to  develop  its 
plastic  quality,  followed  by  good  drying,  lengthened 
seasoning,  and  careful  burning,  will  account  for  the 
quality.  In  China,  the  potters  work  up  the  clay 
provided  by  their  fathers,  and  lay  up^  a  store  to  ripen 
for  their  children.  Brickmaking  in  Greece  was 
placed  under  legal  supervisors. 

The  walls  of  the  city  of  Athens,  we  learn  from 


Pliny,  were  made  of  brick  on  the  side  towards  Mt. 
Hymettus.  Many  of  their  other  public  buildings 
were  of  brick,  as  were  also  those  of  the  Romans. 
An  attempted  enumeration  would  become  tedious. 
The  palaces  of  Croesus,  king  of  Lydia  (648  B.  c),  of 
Mausolus,  of  Halicamassus  (852  B.  c),  the  Bath  of 
Titus  (a.  d.  70),  the  Pillar  of  Trajan  (a.  d.  98),  and 
the  Bath  of  Caracalla  (a.  d.  212),  were  of  brick. 
The  latter  yet  bears  witness  to  the  quality. 

Among  many  of  the  Asiatic  nations  the  bricks  are 
of  excellent  quality.  Those  of  China  are  faced  with 
porcelain,  and  in  Nepaul  they  arc  omamented  by 
the  encaustic  process  and  in  rclief. 

The  conquerors  of  Pern  found  the  art  of  brick - 
making  in  a  flourishing  condition  in  the  Empirc  of 
the  Incas,  and  both  therc  and  'among  the  more 
northerly  countries  of  Yucatan  and  Mexico,  w^  leam 
from  the  Spaniards,  and  from  Humboldt,  and  also 
from  our  own  historians  and  travelers,  Prescott, 
Stephens,  and  Squier,  'that  the  architectural  remains 
of  former  races  are  still  extant  in  brick  as  well  as  in 


porphyry  and  granite. 
Bricks 


were  made  in  England  by  the  Romans 
a.  d.  44.  Made  under  the  direction  of  Alfred  the 
Great,  A.  D.  886.  The  manufacture  flourished  re- 
markably  under  Henry  VIII.  and  Elizabeth.  The 
size  was  regulated  by  Charles  I.,  1626. 

The  operations  of  brickmaking  may  be  said  to 
consist  in  — 

Preparing  the  brick-earth.     Drying. 
Tempering.  Buming. 

Molding. 

The  qualities  of  bricks  may  be  thus  enumerated :  — 

Sounaness ;  that  is,  freedom  from  cracks  and  flaws. 

Hardness  ;  to  enable  them  to  withstand  pressure 
and  strain. 

Regularity  of  shape  and  'size  ;  to  enable  them  to 
occupy  their  proper  place  in  the  course. 

Infusibility  ;  m  tnose  intended  for  furnace- work. 

Fire-bricks  are  made  from  a  compound  of  silica 
and  alumina,  and  the  clay  owes  its  refractory  qual- 
ity to  the  absence  of  lime,  magnesia,  potash,  and 
metallic  oxides,  which  act  as  fluxes. 

Hollow  bricks  are  made  for  purposes  of  warm- 
ing, ventilating,  and  removing  moisture  from  the 
wall.     In  some  cases  the  hollows  form  flues,  or  shafts 


for  ventilation,  or 
discharge  of  dust 
from  the  upper  sto- 
ries. In  other  cases 
the  hollows  have  no 
mechanical  function 
other  than  to  form 
air  -  chambers  for 
warmth,  as  it  is  well 
known  that  an  im- 
prisoned body  of  air 
IS  a  very  poor  con- 
ductor  of  heat. 
Prince  Albert's  ten- 
ements at  Knights- 
bridge  were  buut  of 
hollow  bricks,  and 
were  held  to  be  a  suc- 
cess in  this  respect. 

a  (Fig.  897)  rep- 
resents  a  9  -  inch 
wall  finished  with  a 
common  brick  at  the 
angle. 

0  shows  a  14-inch 
wall,  a  half- ven- 
tilating brick  being 
used  altemately  in  the  courses. 


Fig.  897. 


Ventilating  Bricku 
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c  shows  the  relation  to  each  other  of  the  rentilat- 
so  as  to  make  the  openings  continuous. 


lollow  bricks  were  used  by  the  Romans  in  large 
vaultings,  and  are  said  to  be  common  in  Tunis,  Af- 
rica. They  are  made  by  machines  similar  to  the  tile- 
machines  or  by  hand.  They  are  made  of  various 
shapes,  to  suit  ordinary  wall-work,  angles,  reveals, 
jambs,  chimneys,  floors,  arches,  copings,  etc. 


Hollow  Bricks. 


a  is  a  hollow  brick  for  ceilings,  having  lips  which 
rest  on  the  lower  flanges  of  the  girders.  The  bricks 
indicated  by  letters  6  to  Ar  are  of  various  forms,  and 
their  uses  are  indicated  by  the  section  of  parapet 
wall  shown  at  I  and  by  Fig.  899.  They  are  external 
and  internal,  quoin,  janib,  and  splay  biicks. 

Fig.  899  is  a  section 
Mg.889.  illustrative  of  the  con- 

stniction  adopted  in 
Prince  Albert's  model 
houses.  The  simn  of 
the  arches  is  increased 
over  the  living-rooms 
to  10  feet  4  inches  with 
a  proportionate  addition 
to  their  rise.  The  ex- 
ternal springers  are  of 
cast-iron,  connected 
by  wrought-iron  tie- 
Tods. 

It  is  stated  that  there 
is  an  advantage  of  29 
per  cent  in  favor  of  the 
hollow  bricks  over  the 
ordinary  bricks,  in  ad- 
HoUow  Bricks.  dition  to  a  considerable 

diminution  in  the  cost 
of  carriage  or  transj>ort,  and  25  per  cent  on  the  mor- 
tar and  the  labor. 

Bricks  are  glazed  or  rendered  waterproof  by  a  com- 
position which  gives  them  a  vitreous  surface.  This 
18  performed  by  treating  the  surface  with  a  flux 
which  melts  the  silex  of  the  brick,  or  it  may  be  ap- 
plied to  the  surface  in  solution,  the  liquid  being  af- 
terwards expelled  by  heat.  Resinous  compounds 
liave  also  been  used  to  render  the  surface  non-absorb- 
ent. They  have  also  been  treated  with  soluble  sili- 
cate of  soda,  which  has  been  decomposed,  leaving 
the  insoluble  silex  in  the  pores  of  the  brick.  Pig- 
ments added  to  the  glazing  compounds  give  an  orna- 
mental appearance.     See  Brick-machine. 

Varieties  of  bricks  are  known  by  names  indicative 
of  material,  quality,  shape,  an<l  purpose. 


a  wall  to  allow  the  passage  of  air. 


tJii\JWLf      ld>     tUhV 


^rc^-brick  usually  means  the  h&rd-bumed,  par- 
tially vitrified  brick  from  the  arches  of  the  brick - 
clamp  in  which  the  fire  is  made  and  maintained. 

A  orick  made  voussoir-shaped  is  known  as  a  com- 
pass-hricli. 

A  ca/Tpin^-brick  is  one  for  the  upper  course  of  a 
wall. 

Clinker  ;  a  brick  from  an  arch  of  the  clamp,  so 
named  from  the  sharp  glassy  sound  when  struck. 

A  compa38-hnck  ;  one  voussoir-shaped  for  arches. 

A  coping  brick  ;  one  for  a  coping  course  on  a 
wall. 

Feather-edged  brick,  of  prismatic  form,  for  arches, 
vaults,  niches,  etc. 

/'ire-brick  made  of  intractable  material,  so  as  to 
resist  fusion  in  furnnces  and  kilns. 

HollotcAmcV,  with  openings  for  ventilation. 

Stocks ;  a  name  given  locally  to  peculiar  varieties, 
as  gray-stocks,  red-stocks,  etc. 

Pedcing^  place ^  sandal,  sernel  brick,  are  local  tenna 
applied  to  imperifectly  burned  or  refiiise  brick. 

Bricks  vitnfied  by  excessive  heat  are  termed  hurr- 
brick. 

The  specific  gravity  (average)  is  1.841  ;  the  weight 
of  a  cubic  foot,  ll5  pounds,  which  absorbs  ^V  of  its 
weight  of  water  ;  the  cohesive  force  of  a  square  inch 
is  275  pounds  (Tredgold)  ;  it  is  cnished  by  a  force 
of  562  pounds  on  a  square  inch  (Ronniej. 

Weight  of  a  cubic  foot  of  newly  built  brick -work  Is 
117  pounds  ;  the  weight  of  a  rod  of  new  brick-work 
is  16  tons. 

Brick-aze.  {Bricklaying.)  An  axe  with  two 
ends,  which  are  presented  like  chisels.  It  is  used 
in  chopping  otf  the  soffits  of  pricks  to  the  saw-kerfs, 
which  have  been  previously  made  in  the  brick  to  the 
requireil  depth,  in  order  to  prevent  the  brick  from 
spoiling. 

It  is  used  generally  in  dressing  bricks  to  a  shape 
for  arches,  niches,  domes,  etc. 

Brick-olamp.  A  stack  of  bricks  in  order  for 
burning. 

Bricks  are  burned  in  clamps  and  kilns.  The 
former  is  commonly  adopted  in  the  neighborhood  of 
London,  where  the  hreese  is  mixed  with  the  clay  and 
forms  the  fuel  by  which  the  brick  is  burned.  A 
clamp  is  also  the  name  given  to  a  pile  of  bricks  which 
are  built  into  the  proj»er  form  for  firing.  Many  va- 
riations in  the  modes  of  building  clamps  will  be 
found  in  diflerent  places,  but  one  successnil  method 
may  be  described  in  general  terms  as  consisting  of  a 
number  of  walls  or  **  necks,'*  3  bricks  thick,  about 
60  bricks  long,  and  24  to  30  bricks  wide,  in  an  in- 
clined position  on  each  side  of  an  upright  or  doable 
battering- wall  in  the  center  of  the  clamp,  the  m\\- 
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Brick-Drying  Hamae. 


Fig.  902. 


right  being  of  the  same  hight  as  the  necks,  bnt  di- 
minishing from  6  bricks  thick  at  bottom  to  3  bricks 
thick  at  top.  The  sides  and  top  of  the  clamp  are 
cased  with  burned  brick,  and  are  sometimes  daubed 
with  clay.  **  Live  "  holes  or  flues  are  made  through- 
out the  length  of  the  clamp  for  the  reception  of  the 
kindling  when  the  bricks  are  burned  with  layers  of 
breeze.  In  cases  where  they  are  burned  by  regu- 
lar firing,  the  bricks  are  so  clamped  that  openings 
are  left  for  the  fire  in  every  direction.  The  outer 
layefs  are  "close  bolted,  as  it  is  called,  which 
means  that  they  are  laid  as  close  as  possible  ; 
when  they  are  stacked  so  as  to  allow  intervals  or 
spaces,  they  are  said  to  be  **  scintled." 

For  details  and  particulars  see   '*  Dobson  on 
Brickmaking." 

•  Brick-d^'er.  An  oven  in  which  green  bricks  ^ 
are  dried,  so  as  to  fit  them  for  building  up  in  clamps 
or  kilns  for  burning. 

A  series  of  drying-chambers  are  separated  from 
'each  other  by  iron  folding-doors,  through  which 
chambers  a.  railroad  track  is  laid.     Under  one  end 
of  the  structure  is  a  furnace,  and  hot  air,  of  increas- 
ing degrees  of  temperature,  is  introduced  succes- 
.sively  into  the  separate  chambers. 
Brick-el'^va'tor.    An  apparatus  for  raising 
materials  used  in  con- 
struction.    In   that 
,  shown,  the  endless  chains 
A   B  are   carried    over 
wheels  C  D  above  and 
below,  and  the  material 
!  is  carried  up  on  boxes 
!  supported  by  frames  at- 
tached to  the  chains. 

Brick-for'nace.  Hoff- 
man's annular  brick-fur- 
nace has  a  central  chimney 
d  and  removable  divisions 
for  separating  the  annulus 
into  different  chambers 
These  are  filled  and 
emptied  through  doors  6, 
and  cc  are  valved  passages 
leading  to  the  arum  e 
around  the  chimney  d. 
h  h  are  openings  to  intro- 
duce powdered  coal  into 
the  chambers  a  on  top  of 
the  bricks.  The  chambers 
a  a  being  charged  with 
brick,  heat  is  applied  to 
one  chamber,  and  the  vola- 
tile results  an?  led  through  the  next  one,  so  as  to 
heat  and  dry  the  bricks  in  the  next  in  series.  The 
bricks  in  chamber  one  being  burned,  the  fire  is  applied 
to  number  two,  and  the  heated  air  led  therefrom 
through  chamber  three  to  the  outlet  c  and  chimney 


d.     The  air  to  feed  the  fire  in  chamber  two  is  led 
through  chamber  one  to  cool  the  bricks. 

Fig  9a3. 


Brick  and  Mortar  Elevator. 


Brirlc-Piinuirt. 

Bricking.  The  imitation  of  brick-work  on  a  plas- 
tered or  stuccoed  surface. 

Brick-kiln.  A  chamber  in  which  green  bricks 
are  loosely  stacked,  with  spaces  between  them  for 
the  ptissage  of  the  heat,  and  in  which  they  are  burned 
by  fires  placed  either  in  arched  furnaces  under  the. 
floor  of  the  kiln,  or  in  fire-holes  placed  in  the  side 
walls. 

One  form  consists  of  four  upright  walls  inclosing  a 
rectangular  chamber.  The  floor  is  sunk  about  four 
feet  below  the  general  surface  of  the  ground,  and  is 
not  paved.  The  doorways  for  setting  and  drawing 
the  kiln  are  merely  narrow  openings  at  the  side  of 
the  kiln  raised  a  step  above  the  ground,  and  about 
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five  feet  from  the  floor.  Tlie  fire-holes  are  arched 
openings  oposi'te  to  each  other  on  the  sides  of  the 
kiln,  lined  with  fire-bricks,  which  require  to  be  re- 
newed from  time  to  time,  generally  every  season. 
The  vridth  of  these  holes  is  reduced  to  the  required 
space  by  temporary  piers  of  brick- work,  so  as  to  leave 
narrow  openings  about  eight  inches  wide  and  three 
feet  high. 

On  each  side  of  the  kiln  a  pit  is  sunk  to  the  level 
of  the  floor,  and  covered  with  a  lean-to  roof,  which 


VIg.  905. 
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protects  the  fuel  and  the  fireman  from  the  weather, 
and  prevents  the  wind  from  setting  against  the  fires. 
The  walls  of  the  kilns  are  about  three  feet  thick, 
and  are  built  of  old  bricks,  rubble-stone,  and  the 
refuse  of  the  vard.  No  mortar  is  used,  as  the  use 
of  lime  would  destroy  the  brick-work,  and  the 
bridu  are  set  in  loam  or  fire-clay. 

The  views  (Fig.  904)  represent  respectively,  — 

A  section  through  the  sides. 

A  section  through  the  ends. 

An  end  elevation. 

A  side  elevation. 

The  circular  kiln  or  cupola  (Fi^.  905)  is  domed 
over  at  the  top,  whence  its  name  is  derived.  The 
fire-holes  are  merely  openings  left  in  the  thickness 
of  the  wall,  and  are  protected  from  the  wind  by 
a  wall  built  round  the  kiln  at  a  sufficient  dis- 
.  tance  to  allow  the  fireman  room  to  attend  the  fires. 
These  cupolas  are  employed  in  Staffordshire,  Eng- 
land, ana  vicinity,  and  the  heat  attained  in  them 
is  very  great 

In  the  illustration  the  figures  are  re* 
•pectively,  — 

A  section  on  line  C  D. 

An  elevation. 

A  plan  at  top  of  firo-holes  at  level  A  B, 


Fig.  905  shows  a  progressive  burning  and  oooUnf 
kiln,  in  which  funiaces  are  rfrmnged  on  each  side  of 
a  chamber,  in  which  latter  are  rails  for  carriages 
loaded  with  brick.  Doors  are  provided  at  each  end 
of  the  kiln,  so  that,  when  the  brick  on  one  carriage 
is  bnmed,  the  doors  are  raised  and  a  carriage  of  nn- 
bumed  brick  is  pushed  against  the  others  in  the  kiln, 
thus  forcing  out  the  carriage  at  the  other  end. 

Air  or  steam  have  been  introduced  under  pressure 

Fig.  906. 


Brick- Kiln. 


Digitized  by 


Google 


BRICKLAYER'S  HAMMER. 


373 


BRICK-MACHINE. 


into  burning  brick-kilns  for  the  purpose  of  distribut- 
ing the  heat  from  the  hotter  portions  to  parts  where 
the  heat  is  lesser.  Other  devices  are  for  drawing  air 
through  a  sectional  kiln  when  the  baking  is  com- 
plete^ in  order  that  a  part  of  the  accumulated  heat 
may  be  employed  in  otner  sections  of  the  compound 
kiln. 

Biioklay-er's  Ham'mer.  (Bricklaying.)  A 
tool  having  a  hammer-head  and  a  sharpened  peen, 
forming  an  axe  for  dressing  bricks  to  shape. 

Brioklay-er's 
Fig.  907.  HolBt    A  winch 

and  tackle  for  lift- 
ing bricks  and 
mortar  in  build- 
ing. 

Bricklay-ing. 
The  implements 
of  the  bricklayer 
are  a  trowel,  for 
spreading  mortar 
and  ,  breaking 
bricks  when  a 
piece  smaller  than 
a  whole  brick  is 
required ;  a  hatnr 
mer,  for  making 
openings  in  the 
brick- work  and  for 
driving  or  divid- 
ing bricks,  for 
which  purposes 
one  end  is  formed 
like  a  common 
hammer,  and  the 
other  is  broad  and 
flattened,  some- 
what after  the 
manner  of  an  axe; 
the  plumb  -  rule, 
made  generally  of 
wood,  having  a 
longitudinal  open- 
Bttddayer''s  Hoist.  ing  down  its  mid- 

dle and  a  plummet 
suspended  from  its  upper  end,  for  carrying  walls 
up  perpendicularly ;  the  level,  consisting  of  a  long 
horizontal  arm,  having  a  perpendicular  branch  car- 
rying a  vertical  arm  from  which  a  plummet  is  sus- 
pen£d  ;  a  laree  square,  for  laying  out  the  sides  of  a 
building  at  right  angles  ; 
a  rod,  usually  five  or  ten 
feet    long,  for   measuring 
lengths;  co9n|Muse5,  for  trav- 
ersing arches  and  vaults; 
a  liru  and  Ivne-jniia,    for 
keeping  the  courses  straight 
ana  level  as  the  work  pro- 
gresses ;  and  a  hod,  for  car- 
rying bricks  and  mortar  to 
the  workman. 

Bricks  are  laid  in  courses 
so  as  to  break  joints,  and 
their  arrangement  with  re- 
gard to  each  other  consti- 
totes  what  is   called   the 
bond.   There,  are  two  kinds 
of  bond  made  use  of  in  Eng- 
land and  America, — Eng- 
lish or   old   English,   and  ; 
Flemish, — the  former,  how-  / 
ever,    being    much    more  _ 
commonly  employed  than 
the  latter.     See  Bond. 


See  Mason's  and  Bricklayer's  Tools,  etc. 

Biick-ma-ohine'.  Bricks  have  been  made  by 
machinery  for  many  years.  Some  of  the  early  United 
States  patents,  of  which  the  record  was  unfortunately 
burned  in  1836,  are  dated  1792,  1793,  1800,  1802, 
1806,  1807,  and  a  tolerably  constant  stream  has 
followed  them.  About  122  patents  were  granted  in 
the  United  States  previous  to  June,  1836,  for  brick 
and  tile  machines,  and  more  than  500  patents  have 
since  that  time  been  granted  for  brick-machines. 
The  number  is  rapidly  increasing.  In  England, 
probably  over  half  that  number  are  on  record  for 
making  brick. 

It  will  be  impossible  in  the  space  which  can  be 
devoted  to  that  subject  to  do  more  than  present  a 
few  examples  of  the  different  forms  which  have  been 
brought  torward.  This  will  show  the  direction  of 
invention  in  this  line,  and  will  suggest  to  the  reader 
the  various  modes  of  forming  a  rectangular  block  of 
plastic  clay.  These  are  the  terms  of  the  problem. 
As  usual,  where  important  interests  are  at  stake, 
the  resolution  has  called  a  diversity  of  machines 
into  existence. 

Brick-machines  are  of  several  classes. 

Class  I.  Those  in  which  a  slab  of  clay  exudes 
from  the  pug-mill,  and  is  cut  up  into  lengths  whidh 
form  bricks.  The  cutter  is  a  wire  or  knife,  and 
either  travels  with  the  slab  while  cutting,  or  moves 
in  an  oblique  path,  so  as  to  make  a  square  transverse 
cut  across  the  moving  slab. 

Chamberlain's  English  machine  is  in  principle 
as  follows :  — 

The  clay  is  fed  into  a  pug-mill  placed  horizontally, 
which  works  and  mixes  it,  and  then  forces  it  through 
a  mouth-piece  or  die  of  about  65  square  inches,  or 
about  hall  an  inch  deeper  and  half  an  inch  longer 
than  is  required  for  the  brick,  of  a  form  similar  to 
a  brick  on  edge,  but  with  comers  well  rounded  off, 
each  comer  forming  a  quarter  of  a  8-inch  circle  ;  for 
clay  will  pass  smoothly  through  an  aperture  thus 
formed,  but  not  past  a  sharp  angle.  After  the  clay 
has  escaped  from  the  mill,  it  is  seized  by  four  rollers 
covered  with  a  porous  fabric  (moleskin),  driven  at  a 
like  surface-speed  from  connection  with  the  pug-milL 

These  rollers  are  two  horizontal  and  twb  vertical 
ones,  having  a  space  of  45  inches  between  them. 
They  take  this  lai^r  stream  of  rough  clay,  and  press 
or  roll  it  into  a  squared  block  of  the  exact  size  and 
shape  of  a  brick  edgeways,  with  sharp  edges,  —  for 
the  clay  has  no  friction,  —  being  drawn  through  by 

Fig.  908. 


OwmberlaifCs  Brick-Machine. 
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the  rollers,  instead  of  forclDg  itself  through,  and  is 
delivered  in  one  unbroken  stream.  The  rollers  in 
this  machine  perform  the  functions  of  the  die  in  one 
class  of  machinery,  and  of  the  mold  in  the  other. 
They  are,  in  fact,  a  die  with  rotating  surfaces.  By 
hanging  a  seiies  of  mandrels  or  cores  between  these 
rollers,  or  by  merely  changing  the  mouth-piece,  hoi-, 
low  and  perforated  bricks  may  be  made  without  any 
alteration  in  the  machinery.  The  slab  is  cut  up  into 
bricks  by  transversely-moving  knives  or  wires. 

In  the  brick-machine  Fig.  909  the  tempering- 
chamber,  impelling-screw,  and  forming-die  are  in  the 
same  horizontal  line,  and  of  a  conical  shape,  the  form- 


ing-die being  at  the  apex  ;  the  clay  is  received  at  the 
hopper  on  the  cylindrical  portion,  worked  by  the 
beaters,  and  delivered  to  the  screw  which  works  at 
the  end  of  the  same  shaft,  and  with  a  gradually  in- 
creasing depth  of  thread  terminates  before  it  reaches 
the  die,  so  as  to  make  the  clay  leave  in  a  solid  mass ; 
the  walls  of  the  screw-chamber  are  roughened  to 
prevent  the  revolution  of  the  clay. 

The  clay  is  delivered  upon  an  endless  apron,  by 
which  it  is  carried  to  a  knife  working  by  attachment 
to  a  fly-wheel,  which,  being  controlled  by  the  same 
power,  makes  its  cuts  at  regular  distances  in  the 
traversing  mass  of  clay ;  the  latter  is  supported  at 


Fig.  909. 
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Briek-Maehine. 


the  point  of  impact  of  the  knife  by  a  movable  frame  I  the  clay  passes  from  the  pug-mUl  into  molds,  in 
underneath,  which  moves  with  tne  knife,  and  the  I  which  it  is  pressed,  and  from  which  the  molded 
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brick  as  it  is  cut  off  rests  upon  another  apron,  which, 
traversing  faster  than  the  former,  soon  makes  an  in- 
terval between  the  bricks. 

In  Fig.  910  the  clay  is  forced  from  the  reservoir 
B  by  the  piston,  which  is 
driven  by  a  screw  and 
bevel-gearing.  It  issues 
througn  a  throat  or  die, 
whose  opening  admits  a 
wide  slab  of  clay  6,  to  be 
subsequently  cut  up  by 
two  series  of  knives,  which 
divide  it  longitudinally 
and  transversely.  /  is 
one  of  the  knives,  of  which 
there  are  several  on  the 
same  shaft ;  they  are  dis- 
tant apart  the  length  of 
a  brick,  and  divide  the  . 
slab  into  ribbons  longitu- 
dinally. J  JaresL  series 
of  knives  which  are  placed 
on  a  mandrel  whose  bear- 
ings are  in  a  carriage,  and 
the  latter  moves  in  ways 
across  the  path  of  the  slab  C 
of  clay  and  cuts  the  rib-  i 
bons  into  bricks,  the  knives  ^ 
J  being  distant  a^rt  the 
width  of  a  brick.  The  bed 
is  made  in  sections  E  E, 
which  are  passed  in  suc- 
cession through  the  ma- 
chine by  means  of  the 
racks  and  pinion. 

Class  1 1.  Those  in  which 


brick  is  dischaiged. 
This  class  has  six  varieties  :  — 
Var.  1 :  Those  in  which  the  molds 
are  on  the  upper  surface  of  a  mold-wheel 
revolving  in  a  norizontal  plane,  the  molds 
being  brought  successively  below  the  pug- 
mill,  by  which  they  are  charged.  The 
pressing  and  dischai^g  devices  vary  in 
different  machines. 

Fig.  911  shows  an  English  machine  of 
this  variety.  It  consists  of  a  vertical 
pug-mill  a,  into  the  upper  part  of  which 
the  clay  is  fed.  In  this  part  of  the  apparatus  the 
clay  is  tempered  and  mixed,  and  is  thence  forcibly 
pressed  into  the  molds  6,  which  are  arranged  in  a 
circular  revolving  table.      As  this  table  revolves, 

ng.911. 
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the  pistons  of  the  molds  ascend  an 
inchned  plane,  and  gradually  lift 
the  bricks  c  ont  of  the  molds  b, 
whence  they  are  taken  from  the 
machine  by  a  boy  and  placed  on  an 
endless  band  d,  which  carries  the 
bricks  direct  to  the  hacker. 

The  speed  of  the  several  parts  of 
the  machine  is  so  arranged  that  the 
operations  of  pugging,  molding,  and   : 
delivering    proceed  simultaneously 
in  due  order,  the  whole  being  driven  \ 
by  a  steam-engine  of  about  6-horse    ^ 
power,  which,  at  the  ordinary  rate 
of  working,  will  make  12,000  bricks 
per  day,  or,  with  S-horse  power, 
from  15,000  to  18,000. 

Fig.  912  is  an  Axnerican  form  of  ^ 

brick-machine,  of  the  same  class  and 
variety  as  the  last. 

The  pug-mill  shaft  has  a  series  of  oblique  arms, 
and  at  the  foot  has  a  pressing  spiral  which  forces  the 
tempered  clay  into  the  molds  of  the  horizontally  ro- 
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is  pressed  by  the  application  of  exterior  or  interior 
force,  or  both,  and  tne  molded  bricks  are  discharged 
by  piston-foUowers  ;  in  most  cases  operated  by  cams 
or  toggles. 

In  the  example  (Fig.   913)  the  pulverized  clay 


Bn'ek-Maehine. 

taring  table  beneath.  As  the  wheel  rotates,  the  roll- 
ers beneath  the  followers  which  form  the  mold-bot- 
toms rise  upon  inclines,  which  lift  the  followers  and 
discharge  the  brick  from  the  mold. 

Var.  2  :  Those  in  which  the  molds  are  on  the 
•periphet^  of  a  wheel,  and  receive  their  charge  from 
a  pug-miU  or  hopper  above.     The  clay  in  the  mold 


this  shaft  there  are  secured  spiral  flanges  e  and  knives 
t,  the  latter  being  attached  to  the  shaft  horizontally 
in  pairs.  To  the  inner  side  of  the  cylinder  thei*e  are 
secured  horizontal  knives  a,  having  a  radial  position. 
Below  the  upright  cylinder  is  a  Sox  /,  in  which  is 
placed  a  horizontal  screw  gr,  which  conveys  the  clay  to 
the  molds,  the  shaft  of  the  said  screw  being  connect- 
ed to  the  vertical  shaft  by  bevel-gears  m.  In  the  rear 
end  of  the  box  which  contains  the  screw  is  mounted 
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a  wheel'/,  having  its  periphery 
perforated.with  rectangular  open- 
ings which  form  the  brick -molds,  ' 
each  mold  being  provided  with  a 
piston  or  plunger.  In  the  lower 
part  of  the  box,  and  just  in  the 
rear  of  the  wheel,  is  htted  trans- 
versely a  box  which  serves  as  a 
scraper  to  take  the  superfluous  _ 
clay  from  the  periphery  of  the 
wheel,  and  to  smooth  and  com- 
pact the  clay  at  the  surfaces  of 
the  molds.  As  the  latt^  come 
to  their  lowest  position,  the  fol- 
lowers are  moved  and  eject  the 
bricks. 

Var.  3  :  Those  in  which  two  wheels  are  provided 
with  peripheral  molds  which  are  charged  with  clay 
from  a  hopper  above,  and  in  which  the  pressure  is 
derived  in  whole  or  in  part  from  the  contact  of  the 
peripheries  of  the  wheels  with  each  other.  Of  this  va- 
riety and  class  is  Fig.  915.   The  corrugated  feed-roll- 

Fig.  915. 
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era  J  J'  in  the  hopper  drive  down  the  clay,  which 
enters  the  molds  in  the  peripheries  of  the  contacting 
cylinders.  On  the  faces  of  the 
saidcylindersare  altematemolds 
and  spaces,  the  latter  forming 
pressure-surfaces  for  the  clay  in 
the  molds  of  the  opposite  cylin- 
der. The  cylinders  are  coun- 
tierparts  of  each  other  and  arc 
cooperative,  being  geared  to- 
gether so  as  to  run  in  exact 
correspondence.  Each  mold  has 
its  piston  or  follower,  which  is 
moved  radially  by  contact  with 
a  cam  on  the  main -shaft  of  its  = 
cylinder.  As  soon  as  the  mold 
passes  the  edge  of  the  dividing 
block,  the  cam  commences  to 
thrust  out  the  follower  and  re- 
duce the  brick  to  a  smaller  com- 
pass, pressing  it  against  the  face 
of  a  roller.  This  gives  the  outer 
face  of  the  brick  a  concave 
form,  but  it  is  presently  brought 
against  one  of  the  facets  of  the 
hexagonal  roller  3f,  which  is  so  geared  as  to  present  Its 
surface  to  the  openings  of  the  mold  in  a  given  cylin- 
der in  succession.     When  the  mold  i-eaches  the  low- 
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est  position  in  its  revolution,  the  follower  is  farther 
advance  and  discharges  the  molded  brick  on  to  the 
oflf-bearing  apron  N'.  This  description  of  the  action 
in  one  mold  is  true  of  each  mold  in  each  of  the  cyl- 
inders. By  way  of  giving  farther  compression,  spring- 
plungers  are  advanced,  after  passing  the  divider  X, 
and  make  a  perforation  in  the  brick  which  is  retained, 
as  the  plunger  is  not  retracted  until  after  the  brick 
has  passed  tne  last  point  of  pressure. 

Var.  4 :  Machines  in  which  a  series  of  molds 
are  linked  together  to  form  an  endless  series,  or 
are  placed  on  an  endless  belt  or  track,  and  are 
passed  beneath  the  charger,  from  whence  they  pass 
to  the.presser. 

Fig.  916  is  an  illustration  of  this  variety.  The 
clay  passes  from  the  hopper  a  into  the  molds  b  b, 
and  is  pressed  thereinto  as  they  run  beneath  the 
pressure-roller  c.  The  follower  at  the  bottom  of 
each  mold  is  raised  by  the  contact  of  its  carriage  with 
the  roller  d  beneath  the  track.  The  effect  is  to  par- 
tially remove  the  brick  from  its  mold  and  expose  it 
to  the  pressure  of  a  second  roller  e.  It  then  passes 
under  a  smoothing-block  g,  after  which  the  follower- 
carria^  climbs  an  inclined  plane  h,  which  elevates 
the  bnck  from  the  mold.  Tne  molds  are  contained 
in  a  sliding  frame  which  runs  beneath  the  pug-mill, 
and,  after  discharging  the  bricks,  returns  empty  to 
commence  a  new  stroke. 

In  Fig.  917  the  molds,  in  an  endless  chain,  hinged 
together  and  running  over  two  sprocket-wheels,  are 
provided  with  movable  bottoms,  which  are  acted 
upon  to  pi-ess  the  contents  of  the  mold,  and  also  to 

Vig.  917 
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force  the  brick  out  of  the  mold  at  the  proper  time. 
a  is  the  pug-mill,  and  b  the  chamber  from  which  the 
clay  is  ejected  by  the  oblique  arms  c,  being  received 
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into  molds  in  the  boxes  D  as  they  pass  in  turn  be- 
neath the  throat  in  the  bottom  of  chamber  h.  As 
the  mold  passes  this  point,  it  receives  pressure  from 
the  intennittingly  operating  plunger  attached  to  the 
toggle  /,  and  shortly  after  the  mold-bottom  d  is 
lifted  by  a  spoke  of  the  dischai^ng- wheel  X,  which 
ejects  tne  bnck. 

Var.  5  :  Machines  in  which  the  clay  is  molded 
by  the  force  of  a  reciprocating  piston  or  pistons. 

The  operation  of  the  machme  (Fig.  918)  is  as  fol- 
lows :    The  clay  passes  from  the  hopper  U  into  box 

Fig.  918. 


lates  the  rate  of  passage  of  the  clay.  The  beaters  c  c 
drive  the  clay  into  the  molds  beneath,  which  are 
intennittingly  advanced  by  a  sliding- block,  which  is 
reciprocated  by  a  pitman  and  crank  deriving  their 
motion  from  the  shaft  below. 

In  Fig.  920  the  easing-cylinder  of  the  pug-mill 
is  removed,  to  expose  the  blades  m  m  to  view. 

Motion  being  given  to  the  shaft  c,  the  cranks  and 
pitmans  h  and  h'  operate  the  shoving-boards  e  and  /, 
on  which  the  molds  are  placed  ;  the  molds  are  thus 
moved  on  the  two  tables  A  and  ^  in  an  opposite  di- 
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S;  the  latter  is  then'  moved  by  the 
intermediate  arm  F*,  shifting  the  cl 
the  mold  M,  into  which  it  drops, 
retires,  and  the  plunger  0  descends, 

toggle  B,  and  compresses  the  clay  i 

cam  Ff  which  regulates  the  motion  of  the  said 
plunger,  then  causes  the  plunger  0  to  rise,  and  cam 
i  raises  the  plunger  N,  which  removes  the  brick 
from  the  mold,  to  be  swept  from  the  table  by  the 
next  forward  movement  of  the  box  S. 

Var.  6  :  Machines  in  which  the  molds  are  recip- 
rocated beneath  the  pug-mill. 

In  Fig.  919  the  clay  is  mixed  and  forced  out  of 
the  hopper  by  the  revolving  i^iked  wheels  a,  and 
passes  between  the  plates  //,  whose  distance  regu- 
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rection.and  at  each  revolution  of  the  shaft  c  one  row 
of  molds  on  one  table  is  filled  with  clay  from  the 
hopper,  while  on  the  other  table  an  empty  mold  can 
be  replaced  behind  the  shoving-boards  e  and/;  thus 
an  operator,  standing  at  the  end  of  the  tables  A 
and  B,  can  replace  the  empty  molds  on  one  table 
and  withdraw  the  filled  molds  from  the  other  table 
at  the  same  time. 

The  blades  on  the  shaft  in  the  pug-mill  mix  and 
depress  the  clay,  which  passes  through  holes  in  the 
floor  corresponding  to  tne  position  of  the  molds, 
which  are  pas.sed  below  by  tne  intermittent  motion 
described.  The  wheel  E  has  blades  which  scrape  the 
clay  from  the  pug-mill  floor.  The  supplementary 
scrapers  K  iT,  and  curved  guard  o,  remove  the  su- 
perfluous clay  from  the  molds.  The  latter  are  re- 
moved by  the  oflf-bearers,  and  the  contents  dumped 
upon  the  floor  of  the  drying-ground. 

Class  III.  Those  in  which  clay  in  a  nearly  dry 
state  is  compressed  by  a  plunger  into  a  mold,  from 
which  it  is  dischai^d  after  receiving  a  pressure, 
which  causes  the  remaining  moisture  to  form  a  bond 
of  cohesion  between  the  particles. 

The  functions  of  these  machines  refer  to  means  for 
extreme  pressure  and  the  extraction  of  the  air  which 
accompanies  the  crumbly  material  into  the  mold. 
In  other  respects  the  machines  of  this  class  are  some- 
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what  like  the  piston-machines  of  Class  II.,  Var.  5. 
For  this  purpose  an  adaptation  of  the  hydraulic  press 
is  especially  applicable  and  is  in  use.  Bricks  are  also 
made  of  dried  and  pulverized  clay,  mixed  with  a  due 
proportion  ef  sand  and  perhaps  lime,  and  molded 
under  hydraulic  pressure. 

Biiok-mold.  A  box  in  which  clay  for  bricks  is 
molded  into  shape.  The  adobes  of  the  Orient,  an- 
cient and  modem,  and  of  the  Western  plains,  are  made 
by  filling  with  clay  a  four-sided  box,  pressing  it 
down  compactly,  and  cutting  oflf  tlie  superfluous 
clay  evenly  with  the  edg§  of  the  box.  The  box  is 
usually  destitute  of  top  and  bottom,  lies  upon  a  board 
while  being  filled,  and,  when  lifted,  leaves  the  brick 
in  position  to  dry. 

brick-molds  may  be  lined  with  iron  or  brass  from 
which  the  molded  brick  slips  more  readily  than  it  does 
from  wood.  The  sand  in  the  clay  wears  away  the 
surface  very  fast,  especially  when  lined  with  brass. 
It  is  sometimes  maae  of  she«t-iron  in  four  pieces, 
riveted  together  at  the  angles,  and  .strengthened 
with  wood  at  the  sides  only.  The  bottom  of  the 
mold  is  detached,  and  forms  what  is  called  th^  stock- 
board  b.     The  latter  is  a  piece  of  wood  plated  with 
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iron  round  the  outer  edge,  and  made  to  fit  th 
accurately  but  easily.     At  each  comer  an  iro; 
is  driven  into  the  molding-table,  and  on  theac  pins 
the  bottom  of  the  mold  rests,  the  thickness  of  the 
brick  bein^  regulated  by  the  distance  to  which  the 
pins  are  dnven  below  the  top  of  the  stock-board. 

In  England,  the  surface  of  the  brick  which  is  to 
form  the  bed,  that  is,  the  bottom,  has  a  depression 
to  hold  a  mass  of  mortar.  To  make  this  is  the  pur- 
pose of  the  piece  e,  which  projects  above  the  general 
surface  of  the  stock-board  o. 

j4  B  Bie  the  corresponding  parts  of  an  ordinary 
mold,  the  upper  four-sided  portion  A  resting  upon 
the  lower  portion  B  while  being  filled,  j^  is  a  frame 
containing  a  number  of  division  boards  intended  to 
be  slipped  into  box  2>,  to  mold  five  bricks  at  once. 
The  n'ame  and  1k)x,  being  lifted,  leave  the  bricks 


upon  the  ground  to  dry.  i''  is  a  mold  of  wood  lined 
with  glass/. 

G  represents  part  of  a  chain  of  molds  as  found  in 
some  kinds  of  brick- machines. 

Hiaa.  mold  which  has  an  advancing  piston  with 
three  punches  designed  to  make  openings  into  the 
brick  for  the  more  ready  exit  of  the  air.  Used  in 
re-pressing  brick -machines,  which  gave  a  great  press- 
ure at  a  second  operation,  or  act  with  a  great  press- 
ure upon  prepared  clay,  which  is  apparently  dry. 

Bnok-nog'ging.  (Building.)  Called  also  brick 
and  stiid  work. 

A  brick-nogging  wall  or  paitition  is  one  in  which 

Fig.  922. 
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the  spaces  between  the  timbers  or  scantling  are  filled 
up  with  brick  laid  in  mortar.  In  a  brick -nogging 
partition  the  wooden  portions  are  called  nogging-pieces. 

Brick-press.    See  Brick-machine. 

Brick -trim'mer.  (Building,)  A  brick  arch 
abutting  upon  the  wooden  trimmer  under  the  slab 
of  a  firepkce,  to  guard  against  the  communication 
of  fire. 

Alok-truck.  One  with  wide  tires  to  travel  over 

Fig.928L 


BHck-THuk, 

the  flat  surface  of  the  brick -yard  in  moving  brick 
from  the  hack  to  the  kiln. 

Brick-work.    (Bricklaying.)    The  English  reg- 
ulation brick  is  8^  X  4  X  2^  inches.     Of  such,  — 

One  foot  of  brick-work  (1^  bricks  thick)  contains 
17  bricks. 

One  foot  superficial  of  Flemish  bond  requires  8 
bricks. 

One  cubic  foot  comprises  125  bricks,  or  96  pounds 
of  sand,  or  185  pounds  of  clay,  or  126  pounds  of 
common  earth. 
I     One  great  ton  weight  (2,240  pounds)  comprises 
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330  bricks,  or  23  J  cubic  feet  of  sand,  or  17^  of  clay, 
or  18  of  earth. 

One  cubic  foot  of  brick- work  weighs  120  pounds  ; 
1  rod  of  fresh  brick-work  (llj  cubic  yards)  weighs 
35,840  pounds. 

Bridge.  1.  {Engineering.)  A  structure  erected 
over  a  water-way,  ravine,  or  road,  for  the  transit  of 
persons,  animals,  or  vehicles.    A  maduct. 

The  only  reference  to  a  bridge  in  the  canonical 
Scriptures  is  an  indirect  one,  in  a  name  referring  to 
the  "bridge  of  the  sons  of  Jacob."  It  is  at  a  place 
northeast  of  the  Sea  of  Gralilee,  and  a  bridge  still 
exists  at  the  place. 

The  bridge  erected  by  Nitocris,  across  the  Euphra- 
tes at  Babylon,  consisted  of  stone  piers  supporting 
a  series  of  wooden  platforms,  which  were  capable  of 
being  withdrawn,  to  prevent  passage  at  night  be- 
tween the  portion  of  the  city  on  the  reapective  sides 
of  the  river.     (Hbkodotus,*  1. 186.) 

The  "huge  stones  cramped  together  by  iron  bars 
and  melted  lead  "  were  probably  in  the  piers.  We 
ma^  surmise  that  the  foundations  of  these  were  laid 
while  the  river  was  temporarily  diverted,  or  made  in 
an  artificial  channel  to  which  the  river  was  subse- 
quently transferred.  Either  plan  was  possible  in 
that  country,  and  the  former  was  tried,  to  the  cost  of 
the  Babylonians,  by  Cyrus,  many  centuries  after 
Nitocris. 

Ancient  bridges  of  great  magnitude  exist  in  China. 
This  ingenious  jieophj  constructed  them  of  wood, 
stone,  chains,  and  ropes,  before  history  commenced 
to  be  written  in  Europe.  The  gi'eat  wall  of  China 
(WaTt-li-chang,  the  myriad-mile- wall)  was  finished 
about  220  B.  c,  and  has  many  stone  bridges  over  the 
various  streams  which  it  crosses  in  its  course  of  1,250 
miles.  It  puts  into  the  shade  the  British  wall  of 
Agricola,  which  united  the  Tyne  and  the  Solway, 
80  miles  ;  and  the  other  Roman  wall  which  united 
the  Forth  and  Clyde,  36  miles. 

The  Egyptians  built  no  permanent  bridges  across ' 
the  Nile,  but  were  familiar  with  framing  trestle- 
work,  and  with  ponton  and  draw  bridges  ;  the  latter 
are  seen  frequently  in  their  paintings  representing 
fortified  towns,  sieges,  etc. 

The  Greeks  had  but  small  rivers,  and  had  no  stone 
bridges  until  after  the  Roman  conquest.. 

We  learn  from  the  Greek  historians  that  bridges 
were  constructed  by  Cyrus  (536  B.  c),  Darius  (490 
B.  c),  Xerxes  (480  b.  c.),  and  Pyrrhus  (280  b.  c). 
Each  of  these  was  a  military  bridge  for  a  special  pur- 
pose, and  had  no  permanent  character.  The  bndge 
of  Cyrus,  over  the  Meander,  was  supported  on  boats, 
like  those  which  crossed  the  Bosphorus  and  the 
Hellespont  under  the  orders  of  his  successors; 
Xenopnon  states  that  the  bridge  of  Cyrus  had  seven 
boats. 

The  bridge  of  Xerxes  was  500  paces  in  length. 
Ships  were  used  as  pontons  ;  cords  of  flax  and  biblos 
united  them ;  transverse  beams  were  laid  on*  the 
ropes  ;  planks  on  the  beams  ;  soil  on  the  planks  ; 
and  the  armies  crossed  thereon.  Cords  and  posts  at 
the  sides  afforded  some  degree  of  protection. 

How. many  bridges  were  built  by  Pyrrhus  in  his 
expeditions,  history  does  not  inform  us  ;  but  the 
bndges  in  his  Italian  campaigns,  about  280  B.  c, 
over  the  streams  emptying  into  the  Adriatic,  are 
mentioned  by  the  Greek  historians. 

The  first  bridge  in  Rome  was  built  across  the  Ti- 
ber, 621  B.  c,  by  Ancus  Martins,  uniting  the  Ja- 
niculum  and  Mons  Aventinus,  and  was  memorable 
for  its  defence  by  Horatius  Cocles  against  Lars  Por- 
aenna  the  Etruscan,  about  508  b.  c.  ;  also  as  the  spot 
whence  the  body  of  Heliogabalus  was  cast  into  the 
Tiber,  a  stone  about  his  neck,  about  a.  d.  218. 


It  was  called  the  Pons  Sublicius,  from  its  having 
been  built  upon  stakes,  or  piles.  The  original  bridge 
was  built  alx)ut  the  time  of  Josiah,  king  of  Judan, 
and  a  few  years  previous  to  Nebuchadnezzar. 

The  Pont  us  Salarius  was  erected  by  Tarquinius 
Priscus,  about  600  9.  c.  It  spanned  the  Teverone, 
and  is  believed  to  have  had  three  arches  of  stone. 
Doubts  have  been  sug^ted  as  to  the  authenticity 
of  this  account ;  but  it  is  not  surprising  when  we  con- 
sider the  Cfloac(i  Maximay  constructed  in  the  same 
reign. 

The  Romans  appear  to  have  been  the  first  to  con- 
struct arched  bridges  ;  several  of  which  still  exist  in 
Syria  and  Palestine,  and  are  the  oldest  stone-arch 
bridges  in  existence,  unless  some  of  the  Etruscan 
and  Chinese  bridges  antedate  them. 

The  Pons  Senatorius  was  erected  across  the  Tiber 
by  Caius  Flavins  Scipio,  127  b.  c. 

A  trestle-bridge  on  piles  (a,  Fig.  924)  was  built 
bv  Julius  Caesar  across  the  Rhine  about  55  B.  0. 
He  left  an  account  of  its  construction,  but  the 
authorities  construct  it  differently  from  the  specifi- 
cation extant.  It  was  founded  upon  piles  driven 
into  the  bed  of  the  river.    The  piles  were  united  by 

Fig.  Ml. 
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JuHus  Ca$ar'*s  and  TVtijan^s  Bridges, 

a  beam,  on  which  were  laid  joists  in  the  direction  of 
the  length  of  the  bridge.  Upon  the  joists  were  laid 
hurdles  supporting  the  road-bed.  An  inclined  fen- 
der protect^  the  piers  up  stream,  and  each  pier  was 
stayed  below  by  a  cluster  of  piles.  It  was  built  in 
ten  days. 

A  magnificent  bridge  with  four  stone  arches  was 
built  by  Augustus  near  Nami,  on  the  road  from 
Rome  to  Loretto.  The  arches  were  respectively  75, 
135.  114,  and  142  feet  span.     One  arch  remains. 

The  bridge  of  Trajan  (6,  Fig.  924),  which  crossed 
the  Danube,  was  one  (k  the  greatest  engineering 
works  of  antiquity.  It  was  constructed  of  timber 
resting  upon  stone  piers.  Each  span  consisted  of 
three  rows  of  concentric  arches,  united  by  binding- 
pieces  formed  upon  each  division ;  these  abutted  upon 
timbers  radiating  with  the  curve,  which  were  framed 
into  heads  and  sills,  again  strengthened  by  braces 
and  struts  ;  the  joists  which  carried  the  floor  trav- 
ersed the  bridge,  and  rested  upon  strong  plates  laid 
u|K)n  the  timber  arches. 

Apollodonis  was  the  architect,  a.  d.  105.  The 
bridge  was  4,770  feet  long.  The  foundation  was 
made  by  sinking  lar^  bar;^  filled  with  stones, 
lime,  and  sand,  and  mling  in  the  interstices  with 
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ba^  of  similar  material.  On  these  the  piers  were 
built.  The  bridge  had  20  semicircular  arches  of 
180  feet  5  inches  span.  Their  springings  were  46 
feet  above  the  general  level  of  the  river.  The  piers 
were  150  feet  high  above  their  foundations,  64  feet 
thick,  85  feet  3  inches  wide.  The  bridge  was  60 
feet  wide. 

It  was  destroyed  by  Hadrian,  the  successor  of  Tra- 
jan, to  prevent  the  incursions  of  the  barbarians. 
Rome  was  then  beginning  to  assume  the  defensive. 

Among  the  other  Roman  bridges  which  yet  remain, 
whole  or  in  part,  to  testify  to  the  skill  of  the  engi- 
neers and  extort  our  admiration,  are  those  of  Merida 
and  Alcantara,  in  Spain.  The  former  is  over  the 
Giiadiana,  8,900  feet  long,  and  has  64  arches.  The 
latter  is  over  the  Tagiis,  670  Spanish  feet  long,  6 
arches  ;  road-bed  205  feet  above  the  river. 

The  bridges  of  London  are  celebrated  in  history, 
especially  that  portion  of  history  in  which  we  who 
speak  English  are  most  interested.  A  wooden  bridge 
existed  over  the  Thames  in  a.  d.  978.  One  was  buut 
of  wood  in  1014 ;  one  by  Peter  of  Colechurch,  1176- 
1200,  with  houses  on  each  side  connected  by  arches 
of  timber  which  crossed  the  street.  This  was  burned 
in  July,  1212,  and  8,000  persons  perished.  The 
buildings  being  on  fire  at  the  Surry  end,  a  great 
crowd  rushed  to  see  the  fire,  and  the  wind  blew  the 
burning  shingles  to  the  north  end,  lighting  the 
buildings  at  the  Middlesex  side  of  the  river.  Between 
fire  and  water  the  loss  of  life  was  dreadful.  The 
bridge  was  i*estored  in  1 300  ;  again  partially  burned 
in  1471,  1632,  and  1725.  The  houses  were  pulled 
down  in  1756.  At  what  time  stone  arches  were  sub- 
8titute4  for  wooden  s^ns  does  not  appear.  When 
the  present  London  bndge  was  built  in  1831,  the  elm 
piles  of  the  old  bridge  were  yet  sound,  after  600 
years*  use. 

In  the  twelfth  and  thirteenth  centuries  a.  d.  a 
very  useful  society  flourished  in  Europe,  called  the 
**  Brothers  of  the  Bridge."  The  building  of  bridges 
was  at  that  time  deemed  an  act  of  pietj',  and  we 
must  highly  respect  that  devotion  which,  in  the 
fear  of  God,  finds  its  expression  in  deeds  of  exalted 
usefulness. 

Benezet  built  a  bridge  at  Avignon  over  the  Rhone, 
which  was  finished  in  1188.  It  had  18  stone  arches, 
and  was  8,000  feet  long.  The  arch  which  supported 
the  chapel  dedicated  to  St.  Nicholas,  the  patron  of 
sailors  and  those  whose  business  is  upon  the  waters, 
remained  long  after  the  other  arches  had  been  swept" 
away  by  the  storms  of  centuries.  Bcnezet's  tomb 
was  in  the  crypt. 

About  1800,  Issim,  the  Moorish  king  of  Granada, 
erected  a  fine  bridge  a^  Cordova,  across  the  Guadal- 
quiver. 

Perronet  mentions  a  stone  bridge  of  three  arches, 
one  of  which  had  a  span  of  159  feet  9  inches,  at  Ve- 
rona, erected  in  1854.  Also  a  bridge  with  a  stone 
arch  183.8  feet  span,  70.6  feet  rise,  erected  1454, 
at  Vielle  Bronde,  over  the  Altier,  by  Grennier. 

The  Rialto,  of  Venice,  was  erected  by  Antonio  del 
Ponte,  1588.     It  has  a  span  of  98^  feet. 

The  art  of  bridge-building,  which  was  understood 
by  the  Romans,  fell  into  disuse  when  that  political 
system  became  disintegrated.  When  the  arts  re-^ 
vived,  the  Italians  took  the  lead. 

Much  has  been  done  of  late  years,  and  the  designs 
become  more  and  more  bold.  lx)ndon  Bridge,  Menai 
Tubular  Bridge,  the  St.  Lawrence  Bridge  at  Montreal, 
the  Cincinnati  Bridge,  Southwark  Bridge,  London, 
the  Cabin  John  Creek  Bridge,  Maryland,  and  the 
Schuylkill  Bridge  at  Philadelpnia,  are  trophies  of  their 
kind.  The  suspension  bridge  across  the  East  Riv- 
er, New  York  (see  Frontispiece),  is  by  far  the  bold- 


est undertaking  in  the  suspension  line,  nearly  600 
feet  greater  than  the  now  widest  span,  —  the  bridge 
at  Cmcinnati.  The  steel  tubular-arch  bridge  at  St. 
Louis  is  to  cross  the  Mississippi  in  three  spans,  which 
have  only  one  rival  among  arches,  —  a  single-span 
bridge  in  Holland. 

The  highest  bridge  in  the  world  is  the  Verruga.s 
Viaduct  on  the  Lima  and  Oroya  Railroad,  in  the 
Andes  of  Peru.  It  crosses  a  mountain-torrent  called 
the  Agua  de  Verrugas,  in  a  wild  and  picturesque  lo- 
cality 12,000  feet  above  the  level  of  the  sea.  The 
structure  consists  of  four  deck-spans,  or  trusses, 
three  of  which  are  110  feet  long,  and  one,  the  central 
span,  125  feet  long.  The  spans  rest  on  piers  built  of 
wrought-iron  columns.  The  piers  are  50  feet  long  by 
15  feet  wide  on  top.  There  being  three  piers,  the 
total  length  of  the  viaduct  is  575  feet.  The  piers 
are  respectively  145  feet,  252  feet,  and  187  feet 
high.  Each  pier  consists  of  12  legs,  which  in  plan 
form  a  rectangle.  The  legs  are  composed  of  a  se- 
ries of  wrought-iron  six-segment  columns,  in  lengths 
of  25  feet,  connections  being  made  by  cast-iron 
joint-boxes  having  tenons  on  each  end  running  into 
the  column.  The  columns  have  an  exterior  diame- 
ter, including  flanges,  of  16  inches. 

The  mountain-chain  will  be  crossed  at  an  altitude 
of  15,000  feet  by  a  tunnel  8,000  feet  in  length.  The 
grades  are  the  steepest  known  on  any  ordinary  rail- 
way. The  workmen  employed  are  Cholos  Indians, 
the  only  operatives  who  can  endure  for  a  prolonged 
period  the  rarifled  atmosphere  at  this  great  elevation. 

The  subject,  after  this  slight  historical  general 
sketch,  will  be  considered  under  the  headings  which 
naturally  suggest  themselves,  founded  Ujx>n  the  dif- 
ferences in  material,  construction,  and  purpose. 

See  under  their  respective  heads  :  — 


Arched -beam  bridge. 

Balance-bridge. 

Bascule-bridge. 

Boat-bridge. 

Bowstring-bridge. 

Bridge-equipage. 

Bridge-stone. 

Bridge-train. 

Cable-suspension  bridge. 

Canal-brio^. 

Carriage-bndge. 

Chain -bridge. 

Check -bridge. 

Chinka-bridge. 

Counteijoise-bridge. 

Drawbridge. 

Electric  bridge. 

Ferry-bridge. 

Fire-bridge. 

Flame-brid^. 

Floating-bndge. 

Flying-bridge. 

Foot-bridge. 

Fumace-bridge. 

Girder-bridge. 

Half-lattice  girder. 

Hoist-bridge. 

Hose-bridge. 

Iron  bridge. 

Iron-arch  bridge. 

2.  (SUam.)  a.  A  lower  vertical  partition  at  the 
back  of  the  grate-space  of  a  furnace.  The  flame  in 
passing  the  bridge  is  deflected  upward  against  the 
l)ottom  of  the  boiler. 

Bridges  are  of  metal  or  fire-brick.  They  may  be 
hollow  and  form  a  part  of  the  water-spcuie  of  the 
boiler.     Such  are  called  water-bridges. 


Lattice-bridge. 

Leaf-bridge. 

Lifting-bridge. 

Military-bridge. 

Millstone-bridge. 

Pile-bridge. 

Pivot-bridge. 

Platform-bridge. 

Ponton-bridge. 

Raft-bridge. 

Rolling-bridge. 

Rope-bridge. 

Skew-bridge. 

Steel-bridge. 

Stiflening-girder. 

Stone-bndge. 

Suspension-bridge. 

Swing-bridge. 

Swivel-bri<£e. 

Tension-bridge. 

Trainway  for  ferry-boats. 

Trestle-bridge. 

Truss-brid^. 

Tubular-bndge. 

Tubular-arch  bridge. 

Turn-bridge. 

Viaduct. 

Weigh -brid^. 

Wowien  bndge. 
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When  a  hollow  water-bridge  depends  from  the 
bottom  of  the  boiler  of  which  it  forms  a  part,  it  is 
called  a  hangimj  bridge, 

A  bridge  in  the  mid-space,  with  flue-space  above 
and  below  it,  is  a  mid-f^her. 

b.  "The  middle  part  of  the  fire-bars  in  a  marine 
boiler,  on  either  side  of  which  the  fires  are  banked." 
—  Admiral  Smyth. 

3.  (SJiipbuildiiig.)  A  partial  deck  extending  from 
side  to  side  of  a  vessel  amidships.  It  is  common  in 
steam-vessels,  affording  a  convenient  station  for  the 
officer  in  command,  and  extends  over  the  sp^e  be- 
tween the  paddle-boxes.  It  is  also  known  in  England 
as  the  hurricaiie-deck  or  bridae-deck. 

4.  a.  (Metallurgy. )  The  low  wall  of  division  be- 
tween the  fuel-chunber  and  hearth  of  a  Rever- 
BERATORY  FuRNACE  (which  See). 

b,  {Fuddling.)  The  wall  at  the  end  of  the  hearth 
towards  the  stack,  compelling  the  caloric  current  to 
ascend  and  then  descend  towards  the  foot  of  the 
stack. 

5.  (Music.)  A  bar  placed  beneath  the  strings  of 
a  musical  instrument  to  elevate  them  above  the 
sounding-board. 

6.  {Ordnnnce. )  The  pieces  of  timber  between  the 
transoms  of  a  gun-carrit^.     (English. ) 

7.  (Horology.)  A  piece  raised  in  the  middle  and 
fastened  at  both  ends  to  the  watch-plate,  and  form- 
ing a  bearing  for  one  or  more  pivots. 

When  supported  at  one  end,  it  is  a  cock. 

8.  (Engraving.)  A  board  resting  on  end-cleats, 
used  by  an  engraver  to  span  the  plate  on  which  he 
is  working,  to  support  the  hand  clear  of  the  plate. 

9.  (Mining.)  The  platform  or  staging  by  which 
ore,  limestone,  fuel,  etc.,  are  conveyed  to  the  mouth 
of  a  smelting-fumace. 

10.  (Electricity.)  A  device  used  for  measuring  the 
resistance  of  an  element  of  an  electric  circuit.  See 
Electric  Bridge. 

Bridge-board.  (Carpentry.)  A  notched  board 
to  which  the  treads  and  risers  of  a  stair  are  fastened. 
A  notch-board. 

Bridge-eq'ui-paga  The  United  States  bridge- 
equipage  is  composed  of  two  distinct  trains,  —  the 
reserve  and  the  advance-guard  trains.  The  former 
is  intended  to  accompany  large  bodies  of  troops  in 
the  field,  and  is  provided  with  the  material  for  the 
construction  of  bridges  of  sufficient  capacity  to  pass 
large  armies  with  their  heaviest  trains  over  rivers  of 
any  size  and  capacity.  For  these  the  French  pon- 
ton is  adapted. 

The  advance-guard  train  is  intended  for  the  use 
of  light  troops,  such  as  advance-guards,  cavalry  ex- 
peditions, etc.  It  is  organized,  both  as  regards 
material  and  carriages,  with  a  view  to  rapidity  of 
movement.  At  the  same  time,  it  is  capable  of  fur- 
nishings bridge  which  will  fulfill  all  the  requirements 
of  troops  engaged  on  such  service.  For  this  train 
the  canvas  ponton  is  adapted.    See  Ponton-bridoe. 


Bridge-head.  (FortiJiccUion.)  A  work  com- 
manding the  extremity  of  bridge  nearest  to  the  en- 
emy ;  a  t^  de  pont. 

Bridge-o'ver.  (Carpentry.)  A  term  showing 
that  certain  parts  lie  across  and  rest  on  others ;  as, 
common  joists,  bridge-over  binding-joists,  etc. 

Bridge-pile.  (Civil  Engineering.)  A  pile  driven 
to  support  a  timber  of  a  bridge. 

Bxidge-rail.  (Railroading. )  A  railroad-rail  hav- 
ing an  arched  tread  and  lateral  foot  flanges.  It  was 
adopted  by  Brunei  for  the  Great  Western  Railway 
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Bridge-Ran. 

of  England,  which  is  excelled  by  none  in  the  solid- 
ity of  Its  track  and  bed.  It  is  laid  on  a  longitudinal 
sleeper  in  cross-ties.  Felt  saturated  in. pitch,  or  its 
equivalent,  is  placed  beneath  the  rail  over  the  sleeper, 
and  gives  a  certain  resiliency  to  the  track. 

The  other  rails  are  known  as  Edge-rails  and 
FooT-RAiiiS  (which  see). 

Bridge-stone.  [Masonry.)  A  stone  laid  from 
the  pavement  to  the  entrance-door  of  a  house,  span- 
ning a  sunken  area. 

(Road-making.)  A  flat  stone  serving  as  a  bridge 
across  a  gutter  or  narrow  area. 

Bridge-traixL  A  bridge-equipment  or  ponton- 
train,  consisting  of  a  military  bridge  composed  of 
portable  boats.  See  Bridoe-equipaoe  ;  Fonton- 
bridoe. 

Bridge-tree.  (Milling.)  The  beam  which  sup- 
ports the  spindle  of  the  runner  in  a  grinding-miU. 
On  the  upper  surface  of  the  bridge-tree  is  the  socket 
of  the  spindle.  The  bridge-tree  is  capable  of  vertical 
adjustment,  to  vary  the  relative  distance  of  the 
gnnding-surfaces,  by  moving  the  runner  towards  or 
from  the  bed-stone.  The  ai^usting  device  is  called 
a  lighter-screw.     See  Grindino-.mill. 

Bridge-truAS.  A  structure  of  thrust  and  tension 

C;e8,  forming  a  skeleton  beam,  in  a  viaduct.  It 
several  varieties  :  the  lattice,  the  arched  truss, 
or  combination  of  arch  and  truss,  the  deck-truss, 
in  which  the  road-bed  is  on  the  straight  stringers. 
See  Wooden  Bridge  ;  Iron  Bridge. 

Fig.  926  shows  a  deck-truss  in  which  the  railway- 
track  is  laid  upon  the  straining-beams,  which  are  sup- 
ported by  posts  and  braces  which  act  as  tension-bars. 


Fig.  926. 


Deth-^^as. 
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Fig.  927. 


Brid^r.  Trust. 


Fig.  927  shows  a  trussed  arch  B,  whose  ends  rest  on 
skewbacks  or  shoes  G.  A  represents  one  of  the 
chords.  /  /  are  tension-straps,  which  act  as  sus- 
pension-chains to  the  chords,  having  their  bearings 
on  levers  stepped  in  the  shoes  and  braced  against  the 
truss  by  struts  N. 

Biidge-ward.  {Locksmithing. )  The  main  ward 
of  a  key ;  usually  in  the  plane  of  rotation.  See 
Key. 

Bridg'ing.  (Carpentry. )  Short  cross-pieces  con- 
necting a^acent  floor-joists  to  prevent  lateral  deflec- 
tion.    See  Chimnb:y. 

Single  bridging  has  one  pair  of  diagonal  braces  at 
the  midlcngth  of  the  joists.  Double  bridging  consists 
of  two  paire  of  cross-braces,  dividing  the  joist  into 
three  lengths. 

Bridg'ing-floor.  (Cai-petUrg.)  A  floor  in  which 
bridging-joists  are  used  without  girders. 

Bridg'ing-joiBt.  (Building.)  A >ais^  in  a  double 
'floor,  resting  upon  the  bivtder  or  binding-joist,  and 
supporting  the  floor.     A  Jloor-joist. 

Bridg'Uig-piece.  (CarpeTUry.)  A  strut-piece 
nailed  Setween  joists  or  beams,  to  prevent  lateral 
deflection.     A  strutting  or  straining  piece. 

Bri'dle.  1.  (Saddlery.)  A  head-stall,  bit,  and 
bearing  or  riding  rein,  completing  the  head-gear  of 
a  horse's  harness. 

Bridles  have  differed  in  form,  material,  and  capar- 
isons in  different  nations  and  times,  from  the  simple 
thong  of  the  Indian  to  the  rather  preposterous  bridle 
of  the  Japanese,  as  seen  in  the  United  States  Patent 
Office  collection.  The  sculptures  disentombed  by 
Layard,  and  the  Egyptian  paintings  and  carvings, 

Flg.928. 


the  horses 


Egypt,  we  find  the  head-eouipments  of  th 
in  full  order,  the  bridles  and  bits  complete. 

David  refers  to  the  bit  and  bridle  as  the  means  of 
governing  the  horse  and  the  ass,  and  Job  refers  to 
the  bridle.  Solomon  bought  his  horses  in  Eg}'pt, 
contrary  to  the  express  command  of  the  law.  He 
paid  about  |75  apiece  (150  shekels).  But  the  pre- 
cious metals  were  relatively  higher  than  now,  in  pro- 
portion to  food  and  other  necessaries. 

The  old  Grecian  bridle  had  somewhat  similar  leatli- 
ei-s  to  our  own.  The  bit  was  in  several  jointed  jwr- 
tions.  A  breaking-bit  for  intractable  horses  was 
armed  with  prongs  (lupatum,  A^-olves'  teeth). 

Homer  refers  to  the  bridle  and  bit.  Xenophon 
speaks  oftheir  uses  and  management.  The  last-men- 
tioned writer  refers  also  to  the  double-bridle,  —  a 
smooth  snaffle-bit  and  a  cruel  spiked  bit. 

The  Japanese  bridle  has  a  network  of  strings  to 
defend  the  eyes  from  flies.  The  reins  are  of  silk. 
The  horse  is  usually  led  by  a  man  holding  the  bri- 
dle near  the  bit,  as  the  bridle-reins  are  held  by 
giX)oms  on  each  side,  leaving  the  rider's  hands  free 
to  hold  on  by  the  pummel. 

The  modem  briaU  of  Europe  and  America  consists 
of  the  following  pieces  :  — 

The  erovon-piece.  Throat-latch  or  lash. 

Brow-band.  Rein, 

Cheek-strap.  Bit. 

Sometimes :  — 


Nose -band. 


nUching-strap. 


Assyrian  Bridle  (from  Sfiilplurc  at  ^inereh) 


show  patterns  for  the  cha.se,  for  war,  and  for  di.si)lay. 
Except  for  a  limited  time  tlie  Jews  had  but  few 
horses.     This  animal  in  those  days  was  for  show  or  | 
for  warfare,  and  the  ox  and  ass  divided  the  ilnidgery. 
The  use  and  application  of  the  bridle  are,  however,  I 
frequently  mentioned  in  Scripture.  ; 

T/he  primitive  bridle  was  a  noose  around  the  lower  , 
jaw  of  the  horse.     In  the  most  ancient  paintings  of  '  up  and   down   through 


Fig.  929  illustrates  a  number  of  bridles  haying 
checking  or  safety  devices. 

In  a  the  driving-reins  are  attached  at  E  by  a  gum- 
elastic  strap  and  snap-hook  C  to  the  rings  of  the 
snaffle-bit.  Face-pieces  G  Gt  are  also  attached  to 
these  rin^  passing  upward  through  the  loops  H  /, 
and  uniting  to  form  the  throat-latch  A",  to  which  the 
hitching-strap  L  is  sei-unni.  The  coi|ibined  throat- 
latch  and  face-piece  prevents  the  bridle  slipping,  as 
the  draft  ui)on  the  nitch-strap  draws  the  nng  into 
the  angles  of  the  mouth.  In  driving,  a  pull  on  the 
Jines  stret<ihes  the  gum,  whi»*h  attaches  tne  driving- 
reins  to  the  rings  of  the  bit,  and  draws  upon  the 
face-stra|)s  and  tliBoat-latch  to  pull  the  bit  into  the 
angles  of  the  mouth. 

b.  Two  i»air8  of  branch-reins  are  attached  to  the 
endK  of  the  driving-lines,  one  /  /  leading  directly 
to  the  bit-rings,  and  the  other  c  €  pa.ssing  over  the 
horse  ;  its  lower  branches  A  connect  with  the  same 
rings  i)y  a  spiral  spring  within  ca.ses  F, 

c.  The  oveixlraw-strap  A  and  check-rein  B  are  se- 
curhI  to  the  bit-ring  C,  and  the  driving-rein  i>  to  a 
swivel  on  the  1)it.  The  driving-rein  passes  through 
a  ring  on  the  end  of  the  ovenlraw-strap,  and  is  also 
connected  to  the  check -rein.  A  strong  pull  on  the 
driving-rein  throws  up  the  horse's  head  and  prevents 
him  from  kicking. 

d.  The  bit-ring  F  is  suspended  on  each  side  from 
a  ring  D  on  the  cheek -strap  by  a  running  strap. 


which,  connected  primarily  to  the  bit-ring,  passes 
rough   the  check -ring  ;    the  nin- 
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ning-strap  is  then  curried  down  through  the  bit-ring 
and  connected  by  a  ring  to  a  safety-rein  /.  The 
latter  is  also  connecttnl  to  the  gag-rein  if,  so  that 
pulling  upon  the  safety-rein  shortens  the  gag-rein, 
and  at  the  same  time  draws  up  the  bit  toward  the 
ring  on  the  cheek-strap. 

e.  The  driving- reins  run  over  pulleys  attached  to 
the  bit-rings  and  throat-latch,  anu  thence  pass  to  the 
check-hook.  Stops  on  the  cheek  portion  of  the  rein 
limit  the  length  of  the  gag  part. 

f.  This  bridle  ha.*;  a  safety  attachment  formed  by 
•  supplemental  reins  A  within  the  ordinary  reins,  and 

which,  connecting  directly  to  the  cheek-straps,  pass 
through  the  rings  of  the' bit,  and  serve  to  forcibly 
pull  the  bit  into  the  comers  of  the  mouth.  - 

g.  The  driving-rein  connects  with  the  cheek-strap, 
which  is  pulled  through  the  bit-ring,  and  draws  the 
bit  up  into  the  angle  of  the  mouth. 

h,  A  lever-jaw  A  on  each  side  is  suspended  from 
the  throat-latch  of  the  bridle.  The  jaws  are  kept 
apart  by  a  spring,  but  by  pulling  on  the  rein  C  may 
be  brought  together,  so  as  to  compress  the  horse's 
windpipe  and  choke  him  into  submission. 


2.  {Machinery.)    a.  A  link  Fig.  080. 

attachment,  limiting  the  sepa-  (^  ^ ^q   ^ 

ration  of  two  pieces.  n^z, 

6.  Of  a  slide-valve;  the  flanges  i*rutu. 

which  keep  it  ill  place,  and  serve  to  guide  and  limit 
its  motion. 

3.  (NaiUical.)  a.  One  of  the  ropes  by  which  the 
bowline  is  fastened  to  the  leech  of  a  sail. 

b.  A  mooring-h^wser. 

4.  (Husbandry,)  The  piece  on*  the  forward  end 
of  a  plow-beam,  to  which  the  draft-shackle  is  at- 
tached. The  c/evis.  Also  called  the  mussfe  or  i^/ot^'- 
head.    See  Plow. 

5.  (Fire-arms.)  That  piece  in  a  gun-lock  which 
serves  to  bind  down  the  sear  and  tumbler,  and  pre- 
vent their  lateral  motion. 

Bri'dle-bit.  Bridle-bits  are  of  great  antiquity, 
as  is  proved  by  the  Egyptian  and  Assyrian  paintings 
and  sculptures.  Xenophon  (400  b.  c.)  describes  sev- 
eral kinas,  smooth,  sharp,  and  toothed.  The  curb 
is  a  modem  invention,  and  was  introduced  into  Eng- 
land from  the  Continent  in  the  reign  of  Charles  I. 

The  command  exercised  by  the  oit  has  led  to  the 
use  of  it  in  metaj^hor,  as  in  a  remarkable  passage 
of  James  in  his  Epistle  general :  — 

**  Behold,  we  put  bits  in  the  horses'  mouths  that 
they  may  obey  us." 

Etruscan  and  Grecian  sculpture  represent  the  bri- 
dle substantially  as  we  yet  have  it. 

The  Greeks  had  a  severe  bridle,  armed  with  teeth, 
which  came  ov^r  the  nose  like  the  cavezouy  a  Euro- 
pean bit  but  little  known  among  us.  Another 
rough  bit  was  also  known  as  a  lupaton,  owing  to  its 
sharp  prongs  like  wolves'  teeth. 

Bridle-bits  may  be  classed  under  three  heads  : 
stuiffles,  curb-bits,  and  st^ff  bits. 

The  snaffle  (c.  Fig.  931)  has  two  bars,  jointed  to- 
gether in  the  middle  of  the  mouth,  and  has  rings  at 
the  ends  for  the  rein.  It  sometimes  has  cheek-pieces, 
to  keep  the  ring  from  pulling  into  the  mouth  of  the 
animal. 

The  curb-bit  consists  of  the  fpllowing  parts :  — 

Cheek-pieces  or  Irra-nches  with  eyes  for  the  cheek- 
straps  and  for  the  reins,  and  hole^  for  the  curb-chain  ; 
a  mouth-piece,  unit- 
ing the  cheek-pieces  Fig.  981. 
and  forming  the  bit  i 
proper;  sometimes  a 
oar  unitingthe  lower 
ends  of  the  branches ; 
a  curb-chain. 

In  the  Mexican  bit 
the  curb-chain  and 
its  strap  are  replaced 
by  a  curb-ring. 

By  means  of  the 
branches,  a  leverage 
is  obtained  upon  the 
horse's  jaw,  the  curb- 
chain  behind  the  jaw  Briette-BUs. 
forming  the  fulcmm. 

The  illustration  shows  bits  employed  in  the  United 
States  military  service. 

a,  ordinary  curb-bit. 

b,  Mexican  bit. 

c  c,  watering  bridle-bits  or  snaffles. 

The  stiff  bit  (a,  Fig.  932)  has  rein-rings  at  the 
ends,  and  is  usually  without  branches.  It  lacks 
the  middle-joint  of  the  snaffle. 

6  is  a  new  form  of  upper-jaw  bit.  It  is  fastened 
by  a  nose-strap  to  the  upper  jaw,  and  buckled  to  the 
gag  bearing- rein.  A  safety-rein  passes  to  the  usual 
bit-rings,  and  is  also  connected  to  the  bearing-rein, 
so  as  to  pull  the  usual  bit  back  against  the  jaws. 
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and  the  upper-jaw  bit  up  into  the  angle  of  the 
mouth. 

The  elastic  bit  (c)  consists  of  a  chain  covered  by 
closely  coiled  wire  between  the  bit -rings. 

Another  form  of  elastic  bit  is  made  of  twisted  wire 
with  a  soft  rabber  covering. 

A  large  number  of  contiivances  have  been  patented 
for  giving  a  greater  command  over  the  horse,  by 
means  of  pulling  the  bit  upwardly  into  the  angle  of 
the  mouth  instead  of  puUing  against  the  jaw.  See 
Bridle. 

d  has  tubular  bit-rings  through  which  pass  the 
straps  connecting  the  driving-reins  to  the  head-stall. 
When  the  lines  are  pulled  upon,  besides  drawing  the 
bit  against  the  jaw,  the  line  slips  through  the  tubu- 

Vlg.  962. 
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]ar  bit-rings,  and  draws  the  stiff  bit  up  into  the  an- 
gle of  the  mouth.  The  illustration  shows  one  bit- 
ring  empty  and  the  other  with  the  strap  passing 
through  it. 

is  h^  a  puUey-frame  swiveled  to  the  ends  of  the  bit 
j4  ;  the  dnving-reins  are  buckled  to  the  rings  if,  and 
when  they  are  pulled,  the  straps  E  run  thi-ough  the 
pulleys  and  draw  the  bit  up  into  the  angle  of  the 
mouth.  The  rings  B  are  for  the  bearing-rein.  As 
the  pulley-frames  are  swiveled,  the  bit  is  carried 
upward  into  the  mouth  without  turning  the  bit  in 
the  mouth.  The  pulley-frames  are  removable  when 
required,  so  as  to  leave  the  bit  in  the  ordinary  con- 
dition. 

The  bit  /  is  designed  to  effect  the  same  purpose. 
One  rein  is  connected  to  the  bit-ring  and  tne  other 
to  the  slotted  cheek-pieces  ;  when  the  latter  rein  is 
pulled,  the  rigid  bit  slides  up  the  slots  and  is  drawn 
mto  the  comers  of  the  mouth. 

Bii'dle-oan;>le.  {Nautical. )  A  cable  proceeding 
from  a  vessel  to  the  middle  of  another  cMe  which 
is  moored  at  each  end. 

Bii'dle-port  (ShipbtaldiTig.)  A  port  in  the  bow 
lor  a  main-deck  chase-gun  ;  through  it  mooring-bri- 
dles  or  bow-fasts  are  passed. 

Bri'dle-reiii.  A  rein  passing  from  the  hand  to 
the  bit,  or  from  the  check-hook  to  the  bit,  or,  in 
wi^n-hamess,  from  the  top  of  the  hames  to  the  bit. 

The  bridle-rein  may  be  a  check-reiny  ^o^-rein,  or  a 
riding-bridle  rein  ;  the  latter  a  snaffle  or  curb-reiD, 
according  to  the  kind  of  bit., 

Bri-doon'.  {Saddlery.)  1.  The  snaffle-bit  and 
rein  used  in  European  military  equipments  in  con- 
nection with  a  curb-bit  which  has  its  own  rein. 

2.  In  the  United  States  the  term  is  sometimes 
applied  to  a  simple  snaffle  without  cross-bars,  and 
having  a  rein  attached  to  its  rings. 

Bli'erHioythe.    {Husbandry.)    A  stout,  short- 


bladed  scythe  in  a  nearly  straight  handle,  and  used 
for  cutting  down  brambles  and  the  like. 

Bri'er-tooth  Saw.  A  saw  whose  interdental 
spaces  are  deeply  depressed  by  oblique  filing  on  al- 
ternate sides.     See  Gullet-saw. 

Brig.  (Nautical.)  A  two-masted  vessel,  square- 
rigged  on  both  masts.  It  has  a  gaff-sail  on  each 
lower  mast ;  that  on  the  mainmast  is  called  the 
driver.  When  the  driver  is  bent  to  rings  on  a  try- 
sail mast,  just  abaft  the  mainmast,  the  vessel  was 
formerly  called  a  snow. 

A  hermaphrodite  brig  is  a  vessel  rigged  as  a  brig 
on  the  foremast  and  like  a  schooner  on  the  main- 
mast, carrying  square  sails  forward  and  fore^nd- 
aft  sails  abaft. 

Brig'an-tizie.  {Nautical.)  A  two- masted  vessel 
brig-rigged  on  the  foremast,  but  having  no  lower 
square  sail  on  the  after  or  mainmast. 

Brilliant  1.  {Diamond-cutting.)  A  mo<le  of 
cutting  gems,  consisting  of  lozenge-shaped  facets 
alternating  with  triangles.  The  variations  are  known 
as  the  half  brilliant^  full  brilHant^  split  or  trap  bril- 
liant, double  brilliant  or  Lisbon  cut.  See  Cutting 
Gems. 

A  diamond  cut  as  a  brilliant  has  two  truncated 
portions,  respectively  above  and  below  the  girdU, 
which  is  at  the  largest  circumference.  The  upper 
portion,  which  projects  from  the  setting,  is  called 
the  bizet,  and  is  one  third  of  the  whole  depth  of  the 
^m.  The  remaining  two-thirds  is  imbedded,  and 
IS  called  the  eulasse.  The  facets  of  the  bizet  and  the 
culasse  have  consequently  different  inclinations  and 
exhibit  different  figures,  asVill  be  apparent  from 
the  illustrations. 

Fie.  983 
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A  well-cut  biil- 
liant,  held  in  a  beam 
of  light,  reflects  near- 
ly the  whole  of  the 
bght  which  falls 
upon  it,  throwing  it 
out  and  refracting  it 
in  colored  rays 
through  the  facets 
in  front.  With  the 
exception  of  one 
small  point  of  light 
throu^  the  collet^ 
the  brilliant  throws 
an  opaque  shadow 
on  a  screen. 

a.  Bizet;  the 
chamfered  portion 
of  the  stone  be- 
tween the  table  and 
the  girdle. 

b.  CbZ^;  the  hor- 
izontal face  at  the 
bottom  of  the  stone. 

Facet;  small,  tri- 
angular faces. 

c.  Skew  or  skUl 
facets;  divided  into 
upper  and  under, 
and  respectively 
wrought  upon  the 
bizet  apd  pavilion, 
in  each  case  termi- 
nating in  the  girdle, 

d.  Star-facets  ;  wrought  on  the  bizet,  and  termi- 
nating in  the  table. 

e.  Girdle ;  the  line  encompassing  the  stone ;  its 
outer  edge  by  which  it  is  grasped  in  mounting. 

/.  Lounges;  rhombal  facets  formed  on  the  bizi^ 
by  the  star  and  skill  facets. 
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g.  Pavilion ;  the  chamfered  portion  of  the  stone 
between  the  girdU  and  colUt, 

h.  Table;  the  horizontal  face  at  the  top  of  the 
brilliant. 

2.  (Printitig,)  A  very  small  type,  smaller  than 
Diamond. 

Fteri. 


3.  {Fabric.)  A  cotton  goods  woven  with  a  small 
raised  pattern,  and  printed  or  plain. 

4.  {PyroUchny,)  A  form  of  pyrotechnics  for  mak- 
ing a  bright  light.  The  filling  is  gunpowder  16  and 
steel-filings  4  ;  or,  gunpowder  16,  borings  6. 

Brin.  One  of  the  radiating  sticks  of  a  fan,  from 
12  to  24  in  number  and  about  14  inches  lone.  The 
outermost  are  larger  and  longer,  and  are  called  pa>- 
naches, 

Brine-e-vap'o-ra-tor.  An  apparatus  for  evapo- 
rating brine,  in  order  to  produce  salt.  The  common 
furnaces  for  this  purpose  have  a  row  of  pans  set 

Fig.  984. 
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PlatVs  Brine-Evaporator. 

above  a  long  arch  ;  shelving  sides  hold  the  salt  as  it 
is  dipped  out,  and  allow  it  to  drain  into  the  kettles. 
In  the  illustration  the  pan  bottom  is  double,  form- 
ing a  steam-jacket ;  the  multifiue  boiler  forms  a 
jacket  around  the  fuel-chamber.  The  flame  and 
heat,  after  direct  passage  through  the  flues,  pass 
backwardly  alongside  the  furnace-jacket  and  beneath 
the  steam-jacket  of  the  pan. 

The  following  United  States  patents  may  be  con- 
sulted :  — 

.  1862. 

.  1863. 

.  1863. 

.  1869. 

.  1870. 

.  1871. 

Brine-pump.  {Steam-Engine.)  A  pump  worked 
by  the  engines  to  withdraw  the  super-salted  water 
from  the  boilers  mechanically,  instead  of  by  period- 
ical blowing  off. 

Maudslay  and  Field's  English  Patent,  1824, 
describes  a  brine-pump  with  a  loaded  discharge- 
valve  worked  by  the  engine,  and  so  proportioned 
as  to  draw  from  the  lower  part  of  the  boiler  the 
quantity  determined  on,  which  may  be  regulated  by 
a  meter,  showing  the  quantity  driven  off  in  the  form 
of  steam.  After  the  boiler  has  been  in  action  some 
time,  and  the  water  has  received  a  predetermined 
degree  of  concentration,  the  brine-pump  is  started 
to  work,  and  every  stroke  takes  from  the  boiler  as 
much  salt  as  is  deposited  in  the  boiler  by  the  sepa- 
ration of  the  steam  used  in  that  stroke.  The  hot 
brine  so  withdrawn  is  used  to  heat  the  boiler-supply. 

Brine-valve.  {Steam.)  A  valve  which  is  opened 
to  allow  water  saturated  with  salt  to  escape  from 
the  boiler.     A  blow-off  valve. 

Bring'ing-to  Bolt.  One  used  in  keying^  up  a 
structure.     It  may  be  a  screw  or  a  forelock  bolt. 

Bring'ing-up.  {Printing,)  The  operation  of 
overlaying,  underlaying,  cutting  out,  etc.,  for  equal- 


izing the  impression  or  giving  the  proper  prominence 
to  the  dark  and  light  parts  of  woodcuts. 

Bris'tle.  Bristles  for  brush -making  are  assorted 
according  to  color. 

Washed  with  potash-lye  and  soap,  to  free  them 
from  animal  fat. 

Whitened  by  bleaching  them  with  fumes  of  brim- 
stone. 

Combed  with  a  steel  comb,  to  lay  them  parallel  and 
remove  the  short  hair  with  which  they  may  be  mixed. 

Sorted  by  continually  pullinff  out  the  loncer  hairs 
from  the  bunch,  butting  tlie  end  of  the  bunch  on  the 
bench. 

Bound  in  bunches  called  knots^  which  are  inserted 
in  the  bored  holes  in  the  brush-backs,  and  tied  and 
glued  in  position. 

The  face-ends  of  the  bunches  are  then  sheared. 

Machines  are  in  use,  and  some  patented  for — 


Assorting  bristles. 
Bunching  bristles. 


Cleaning  bristles. 
Washing  bristles. 


Bris'tol-board.    {Paper.)    A  superior  arti- 
^    cle  of  cardboard,  in  which  all  the  sheets  of  paper 
composing  it  are  white,  and  erasures  may  there- 
ore  be  made  without  exposing  an  inferior  under- 
ying  quality.     See  Cardboard. 

Bris'tol-A^riok.  A  brick  composed  principally 
»f  granular  silicious  matter.  Used  for  polishing 
teel,  etc.  The  name  is  derived  from  Bristol,  Eng- 
aud,  near  which  city  they  are  made. 

Bris'ure.  {Fortification.)  A  break  in  the  general 
direction  of  the  parapet  of^  the  curtain,  when  con- 
structed with  orillons  and  retired  flanks. 

Brit-an'nia-mefal.  A  white-metal  alloy,  re- 
sembling silver  in  some  degree,  and  used  for  making 
table-ware,  etc. 

There  are  several  formulas  for  compounding  this 
white  alloy  for  table-ware :  — 

Copper.  Tin.  Antimony.  Bismath.  Bmn.  Zbio. 


Lardner's 

Overman's 

Another 

Another 

Another 


392 

88 

1 

4 

100 


28 
7 
2 

4 


8 


See  ante,  White-Metal  Alloys,  p.  63. 

Brit'ish-gunL  An  adhesive  material,  used  by 
calico-printers,  and  made  by  scorching  potato-starch. 

Britz'ska.  {Vehicle.)  A  Russian  carriage,  hav- 
ing a  calash  top  and  interior  arrangements  adapted 
for  use  as  a  couch  on  long  journeys. 

Broach.  1.  A  tapering  steel  tool,  of  prismatic 
form,  and  whose  edges  are  used  for  reaming  out 
holes.  It  Is  particularly  used  by  watchmakers  in 
enlarging  holes  in  watch-plates.    When  smooth,  it  is 

Fig.  936. 

0000000 

Broaehet. 

no  longer  a  broach,  but  a  burnisher,  and  is  used  for 
burnishing  pivot-holes.  The  number  of  sides  vary  ; 
the  smaller  the  number,  the  more  salient  is  the  edge. 

Broaches  are  also  used  by  dentists  for  enlarging  tne 
nerve  canals  of  the  teeth  for  the  insertion  of  the  dow- 
el-pins which  secure  pivot-teeth. 

The  end  of  a  broach  has  as  many  facets  as  the 
shaft  has  sides,  and  the  tang  is  4-sided. 

a  is  the  carpenter's  broach  for  reaming  out  holes 
in  wood.  The  angle  of  its  edges  would  be  inadmis- 
sible in  metal  as  hard  as  copper. 

&  is  a  half-round  broach.     The  edges  are  rectangular. 
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c  has  five  sides  with  angles  of  108*. 

d  has  but  two  facets  and  an  inserted  steel  cutter 
at  their  angle. 

e  has  angles  of  90%  and  but  three  facets  ;  the 
rounded  back  follows  the  circle  of  the  hole. 

/  has  one  angle  of  SO*. 

g  represents  the  gun-barrel  broach  of  four  sides  ; 
slips  or  spills  of  segmental  form  occupying  the 
spaces  between  the  rectangular  broach  and  the  cir- 
cumscribing cylinder. 

Broaches  or  3,  4,  5,  6,  8  sides  have  respectively 
angles  of  60',  »0^  108%  120',  and  185^  The  poly- 
gonal broaches  are  the  most  commonly  used. 

Broaches  twisted  while  hot  have  an  increased  en- 
ergy of  bite,  when  rotated  in  the  direction  of  the 
spiral,  and  less  when  rotated  in  the  other  direction. 

RoBBKTs's  broach  (English)  has  longitudinal  cut- 
ters inserted  in  grooves  at  each  angle. 

Some  broaches  have  file  teeth  to  enable  them  to 
cut  with  a  thrust,  without  rotatiou.  Th6se  are  more 
properly  drifts  (which  see). 

A  round  broach  is  used  for  burnishing  pivot-holes, 

2.  A  gimlet  used  in  opening  casks  for  samples. 
The  hole  is  closed  by  a  spile. 

3.  (Candle^-nuiking.)  The  stick  from  which  cau- 
dle-wicks are  suspended  for  dipping. 

4.  {Husbandry.)  A  sharpened  stake  used  by 
thatchers  to  secure  the  gavels  or  layers  of  straw. 

5.  (Locksmithing.)  That  pin  in  a  lock  which  en- 
ters the  barrel  of  the  key. 

Broach-post    [OarpctUry.)    A  king-post. 
Broad.    (Wood-turning.)  A  bent  turning- tool,  or 
one  formed  of  a  disk,  withsharp- 
Wg.  886.  ened  edges  secured  to  a  stem. 

Used  for  turning  down  the  in- 
sides  and  bottoms  of  cylinders 
in  the  lathe.  Fig.  936  shows  sev- 
eral different  forms  of  the  tool, 
—  the  bottom-tool,  hook-tool, 
square-tool,  heart-shaped  tool. 
I  Broad~aze.  An  axe  with 
a  broad  edge,  for  hewing  tim- 
ber. The  chamfer  of  the  edge 
is  all  on  one  side,  the  flat 
Broad.  side  of  the  bit  going  against 

the  wood.  The  handle  has 
a  crook,  so  that  the  knuckles  are  not  grazed  against 
the  timber  when  hewing. 


E 


=3 


The  Israelites  west 
Kg.  987.  of  the  Jordan  had 

but  small  advan- 
tages of  timber,  and 
were  not  skillful 
hewers.  They  im- 
ported axemen  and 
timber.  licbanon 
had  cedar  and  fir ; 
Bashan  had  oak. 
The  kings  of  Syria 
and  E^pt  fought 
BroQd<at.  for  their  possession 

for  centunes.  Even 
firewood  was  scarce  in  Judea  and  Samaria.  The  poor 
widows  gathered  a  bundle  of  sticks  then  as  now. 

Dung  and  hay  used  for  heating  ovens,  Ezekiel  iv. 
12-15,  Matt.  vi.  30. 

Brushwood  also,  —  "as  the  crackling  of  thorns 
under  a  pot,"  etc. 

Broad'oaat  Bow'er.  (Husbandry.)  A  machine 
which  spreads  the  seed  regularly  upon  the  surface  of 
the  ground,  in  contradistinction  to  a  drill  which  sows 
the  seed  in  rows. 

Number  of  several  seeda  in  a  bushel,  and  number 
per  square  foot  upon  an  area  of  an  acre  :  — 


Timothy 
Clover    . 
Rye  . 
Wheat    . 


Nambsr.     Square  Foot. 
41,823,360  960 

16,400,960  376 

888,390  20.4 

556,290  12.8 


The  E^prptians  and  Romans  sowed  from  a  basket. 
In  the  West  we  prefer  a  bag  or  sack  which  is  made 
into  a  pouch  by  tying  the  bag-string  to  one  comer 
of  the  bottom.  Pliny  mentions  that  it  is  important 
for  the  action  of  the  hand  and  feet  to  keep  time,  to 
secure  an  even  spread  of  the  seed.  It  is  just  so  with 
us.  A  right-handed  man  will  dip  his  hand  into  the 
bag  for  seed  just  as  his  left  foot  touches  the  ground. 
Some  sow  with  both  hands. 

Under  the  Romans,  the  amount  of  seed  to  the/u- 
gerum  (four  fifths  of  an  acre)  was,  of  wheat,  spelt, 
and  barley,  respectively,  6,  10,  and  6  modii,  A 
modius  was  two  gallons. 

Broad'oloth.  {FabrieJ)  A  wide  and  superior 
article  of  woolen  cloth,  plain  or  twilled,  and  dyed  in 
the  wool  or  the  piece.  A  cloth  not  over  29  inches 
broad  is  a  iian'ow  cloth.  It  is  folded  lengthwise  in 
the  piece. 

The  operations inbroadcloth-making  may  be  shortly 
cited  as  follows  :  — 

The  wool,  being  shorn,  goes  to  the  sorter,  who  se- 
lects the  grades  and  parts  of  fleeces  adapted  for  this 
superior  kind  of  goods. 
'  Oiled,  carded,  and  spun  into  yam. 
Woven  into  a  web  of  such  a  width  as  to  permit 
subsequent  shrinkage.  . 

Felted  by  wetting,  soaping  to  remove  grease,  and 
pounding.  The  effect  is  to  condense  it  and  shrink 
It  in  width  and  length.  After  removal  of  the  soap 
by  fuller's  earth,  water,  and  pounding,  the  web  is 
dried  by  stretching  on  tenter-bars. 

Napped  on  a  gigging-machine,  which  raises  the 
nap  by  the  little  recurved  spires  of  the  teasel  (dipsa* 
eus  fullonum). 

Shorn  to  bring  the  naps  to  a  length. 
Hot-pr6ssed  to  give  smoothness  and  polish. 
Broad-fiage.  (Railway  Engineering.)  A  dis- 
tance between  rails  over  56^  inches.  The  width  of 
4  feet  8}  inches  was  adopted  by  Stephenson,  being 
the  usual  grade  of  the  coat-wagons  on  the  railways  in 
the  North  of  England.  He  found  it,  did  not  make 
it.  Brunei,  who  was  not  used  to  following  anybody, 
either  under  or  above  ground,  stmck  out  a  path  for 
himself,  and  gave  the  Droad-g»|][e  to  the  Great  Wes- 
tern Railway  of  England,  mMing  it  7  feet.  It  was 
a  very  expensive  experiment,  and  has  been  reduced 
to  the  standard  of  56}  inches.  See  Railwat-oaoe. 
Broad-glasB.  Glass  in  laige  sheets  for  cutting  in- 
to ligJUs  or  panes.  For  very  many  years,  the  mode  of 
making  sheet-glass  was  by  forming  a  disk,  which  was 
united  to  the  blowing-tube  bv  a  boss,  around  which 
point  the  glass  was  fluso  much  thicker  than  at  other 
portions,  especially  near  the  periphery  of  the  disk, 
see  Ckown-olass.  Owing  to  the  vexatious  excise 
laws  of  England,  it  was  almost  impossible  to  intro- 
duce improvements  in  the  manu&cture  of  glass,  as 
was  illustrated  in  the  abortive  attempts  of  toe  Eng- 
lish opticians  to  manufachire  lenses  of  lai^  sizes, 
even  under  semi-official  sanction.  The  general  relax- 
ation of  the  excise  system  under  Sir  Robert  Peel*s  Act 
of  1846,  rendered  possible  the  introduction  into  Eng- 
land of  an  improved  method,  for  some  time  then 
past  in  use  in  France  and  Belgium.  The  glass  used 
upon  the  Exhibition  Building  of  18&1  was  made  up- 
on this  plan,  which  is  briefly  as  follows  :  — 

The  workman  dips  his  iron  tube  into  the  semi- 
viscid  glass,  and  takes  up  a  ^quantity  amounting  to 
12  or  14  lbs. ;  he  rolls  the  mass  on  a  wooden  block. 
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till  it  aasumes  a  cylindrical  shape ;  he  applies  his 

mouth  to  the  other  end  of  the  tube,  and  blows  until 

the   mass  assumes   a   hollow  ovoid 

form  ;  he    whirls    this   round    hin 

head,  or,  rather,  in  a  vertical  circle 

10    or    12    feet    in    diameter,   and 

elongates  the  ovoid  into  a  (Cylinder 

with  round  ends  j  he  re-heats  the 

glass    two  or  three    times    during 

these    processes,    to    maintain    the 

proper    consistency,    and    at     length    tlie    remote 

end  of  the  hollow  mass  gives  wav,  and  we  have 

before  us  a  cylinder  of  glass,  attacned  only  at  one 

end  to  the  tube.     The  cylinders  are  dissevered  from 

the  tube,  and  are  cut  lengthwise  with  a  diamond ; 

they  are  placed  in  a  kiln,  where  the  heat  gradually 

opens  the  figure,  and  there  is  finally  presented  a  flat 

piece  of  glass,  which  can  be  cut  to  any  smaller  size. 

This  glass  is  called  broad-glass,  cylinder-glass, 
sheet-glass,  and  by  several  other  names  of  minor  use- 
fulness, value,  or  appropriateness.  See  Cylinder- 
glass. 

Broad-horn.  The  old-fashioned  term  for  the 
flat-boat  of  the  Western  and  Southwestern  rivers. 
Also  called  an  ark, 

Broad-pen'nant.  (Nautical.)  A  square  piece 
of  bunting  carried  at  the  mast-head  of  a  vessel 
having  iu  command  an  ofticer  of  a  certain  rank.  In 
the  British  and  American  navies  it  signifies  a  com- 
modore's vessel. 

Broad'slde.  1.  (Printing.)  A  sheet  of  paper 
printed  on  one  side,  the  matter  forming  a  single 
page. 

2.  (Nautical.)  a.  The  side  of  a  ship,  above  the 
water,  from  the  bow  to  the  quarter. 

b.  All  the  guns,  collectively,  carried  on  one  aide 
of  a  war  vessel. 

Bro'Xd'B'Word.  A  sword  with  a  broad  blade, 
designed  principally  for  cutting. 

Broad'stone.     (Masonry.)    An  ashlar. 

Broad-tooL  1.  (Masonry.)  A  stone-mason's 
chisel  which  has  an  edge  3^  inches  wide.  It  is  used 
for  finish-dressing.  The  previous  tools  are  the 
point  or  punch,  inch-tool,  and  boaster  (two  inches 
wide). 

2.  (Turning.)    A  Broad  (which  see). 

Broad  'Win'do'w-glaBS.  Glass  blown  of  a 
cylindrical  form,  split  longitudinally,  and  spread  flat. 
See  Broad-glass  ;  Cylinder-glass. 

Brob.    (Carpentry.)    A  peculiar  form  of  spike 
driven  alongside  a  tim- 
ing- 968.  ber  which  makes  a  butt- 
joint  against  another, 
i     to  prevent  the  slipping 
I    of  the  former,    for  iu- 
l   stance,  several  &ro6^  are 
J  driven   round  a  post 
which  supports  a  joof- 
Brob.  timber  in  a  tunnel  or 
gallery. 

Bro-oade'.  (Fabric.)  A  rich,  stout  silk.  A  com- 
mon name  for  any  kind  of  stuff  wrought  and  en- 
riched with  raised  flowers.  In  the  East,  a  cloth  of 
gold  and  silk.  The  manufacture  of  brocade  was 
established  at  Lyons,  in  1757. 

Bro-ca-telle^  (Masonry.)  A  kind  of  marble 
whose  color  is  a  mixture  of  gray,  yellow,  red,  and 
dove  shades. 

Bro-ca-tello.  (Fabric.)  A  coarse  brocade  of 
cotton,  or  ailk  and  cotton. 

Bro-ohe-goodB.  (Fabric.)  Goods  embroidered 
or  embossed. 

Brog.    A  joiner's  awl. 

Broil'er.    (Domestic.)      A  gridiron.     The  later 


Fig.  989. 
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devices  have  provision  for  turning  the  grids  so  as  to 
expose  each  side  of  the  meat  alternately  to  the 
action  of  the  fire. 

In  the  upper  example  the  gridiix)!!  is  made  in  two 
parts,  hinged  together, 
and  so  that  it  may  re-  Wg  940. 

volve  and  expose  \x)th 
sides  of  the  meat,  which 
can  be  examined  during 
the  cooking  process  by 
means  of  a  transparent- ' 
ly-covered  opening  in 
the  top  of  the  case. 
The  grids  are  pivoted 
within  a  covered  case. 

In  the  other  example 
it  is  simply  a  double 
frame   with   means  for  Broiler. 

locking  together.  , 

Brok'en-TOaoe  &kw.    A  fine  hand-saw. 

Brok'en  TwilL  (Fabric.)  A  variety  of  hoill 
in  textile  fabrics. 

Bron'oho-tome.  (Surgical.)  A  knife  used  in 
the  operation  of  cutting  into  the  bronchiis,  or  wind- 
pipe. Asclepiades,  who  lived  at  the  beginning  of 
the  first  century  B.  c,  proposed  the  operation  of 
bronchotomy,  though  it  is  not  certain  that  he  per- 
formed it. 

It  was  practiced  three  hundred  years  afterward  by 
Antyllus,  and  was  particularly  described  by  Paulus 
.£gui.eta  about  A.  D.  780. 

Bron'tem.  A  brazen  vessel  in  the  basement 
below  a  stage,  to  imitate  .thunder. 

Bronze.  1.  An  alloy  composed  of  copper  and 
tin,  sometimes  with  a  little  zinc  and  lead.  The 
*'  Big-Ben  "  bell  of  Westminster,  the  largest  bell  in 
EIngland,  is  composed  of  22  parts  copper,  2  parts  tin. 
Gun-metal  is  a  bronze,  9  parts  cop[ier,  1  of  tin.  It 
is  probable  that  some  of  tne  ancient  alloys  which  we 
read  of  as  "bi-ass"  were  really  bronze.  The  Ph<B- 
nicians  brought  tin  from  Cornwall  1100  b.  c,  before 
the  building  of  Solomon's  Temple.     See  Brass. 

"Tarshish  was  thy  merchant  [Tyre]  ;  with  silver, 
iron,  tin,  and  lead  they  traded  in  thy  fairs." 

'The  tin  of  Cornwall,  and  also  probably  that  from 
the  peninsula  of  Malacca,  was  mixed  with  the  copper 
of  the  Wady  Maghara  to  form  the  Egyptian,  Phce- 
uiciau,  and  Assyrian  bronzes.  Dr.  Wilson  (Prehis- 
toric Man)  supposes  that  tin  was  first  brought  to 
the  Mediterranean  from  Malaoxia,  and  ^ye  a  new 
impetus  to  early  liastem  civilization.  Britain  was 
the  next  source.  Chili  and  Mexico  are  more  lately 
known  as  productive  sources-  of  the  same  useful 
metal. 

The  ordinary  Assyrian  bronze  is  composed  of  cop- 
per 1 0,  tin  1 .     Their  bell-metal  was,  copper  86,  tin  1 4. 

The  ancient  bronze  cutting- tools  contained  from 
4  to  16  per  cent  of  tin,  from  which  it  is  gathered 
that  the  secret  of  their  manufacture  is  rather  in  their 
mode  of  working  and  tempering  than  in  their  com- 
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position.  This  appears  to  be  also  the  case  with  Chi- 
nese cymbals  and  tam-tams,  whose  tones  are  not  ri- 
valed by  the  instruments  made  by  European  artists, 
though  analysis  of  the  alloy  fails  to  disclose  any  rea- 
son for  this.  Bronze,  containing  20  per  cent  of  tin, 
is  brittle  at  the  ordinary  temperature,  becomes  mal- 
leable at  a  dull  red  heat.     See  Annealing. 

Bronze  is  the  oldest  alloy  with  which  we  are  ac- 
quainted, and  is  assumed  to  have  preceded  the  use 
of  iron  in  the  majority  of  countries  which  have 
passed  through  the  various  stages.  It  is  not  a  vio- 
lent assumption  that  the  stone  and  bone  implement 
age  preceded  the  age  of  copper  tools  ;  that  the  latter 
was  the  first  metal  which  was  used  in  the  mechanic 
arts  ;  that  the  alloying  of  copper  with  tin  to  harden 
it  preceded  the  use  of  iron  (see  Alloy)  ;  that  brass 
(copper  and  zinc)  was  a  discovery  later  than  either 
(see  Brass)  ;  that  the  first  iron  utilized  was  of  the  na- 
ture of  steel,  as  yet  produced  in  many  countries  of 
Europe,  Asia,  and  Anica  by  the  native  metallui^ts. 
In  speaking  of  ages,  no  general  world-wide  area  of 
contemporary  progress  is  intended.  There  are  tribes 
yet  in  the  bone  age  (see  Axb),  others  in  the  bronze. 
Some  of  the  bone  men  have  jumped  into  the  iron 
(which  they  purchase)  because  they  had  no  copper, 
and  iron  was  the  first  metal  with  which  they  became 
acouainted ;  such  are  some  of  the  South  Sea  Islanders. 

Hesiod,  900  b.  c,  states  that  iron  was  discovered 
after  copper  and  tin,  and  that  those  who  were  an- 
cient, in  nis  day,  used  bronze.  Lucretius  mentions 
also  the  gradation  :  — 

"  The  piimeTal  urmB  were  the  hands,  the  nails,  and  the  teeth, 
^Together  with  stones  and  brannhes,  the  flragmentii  of  the  forests ; 
Afterwards  was  found  the  power  of  iron  and  of  brome. 
Bat  the  use  of  bronae  was  luK>wn  before  that  of  iron." 

Bronze  implements  are  obtained  by  casting,  and, 
it  is  believed,  by  subsequent  hammering  while  hot. 
(See  supra. )  Bronze  and  copper  were  cast  in  ancient 
Egypt ;  the  Chinese  state  that  Yu,  who  was  semi- 
kmg  with  a  partner  (Chun)  on  the  throne  of  China, 
2200  B.  c,  caused  nine  vases  to  be  cast,  on  which 
were  engraved  maps  of  the  nine  provinces  of  the  Em- 
pire. The  Greeks,  Etruscans,  and  the  pupils  of  the 
latter,  the  Romans,  excelled  in  the  art ;  and  the 
museums  of  Europe  have  almost  numberless  speci- 
mens of  their  art  in  statuary,  household  utensils, 
and  ornaments.  When  the  Spaniards  first  entered 
the  province  of  Tuspan,  they  mistook  the  bright 
copper  or  bronze  axes  of  the  natives  for  gold,  and 
were  greatly  mortified,  after  they  had  accumulated 
them  m  considerable  numbers,  to  discover  the  mis- 
take they  had  made.  Bemal  Diaz  narrates  that 
*'  each  Indian  had,  besides  his  ornaments  of  gold,  a 
copper  axe,  which  was  very  highly  poUshed,  with 
the  handle  curiously  carved,  as  if  to  serve  equally 
for  an  ornament  as  lor  the  field  of  battle.  We  first 
thought  these  axes  were  made  of  an  inferior  kind  of 
gold ;  we  therefore  commenced  taking  them  in  ex- 
change, and  in  the  space  of  two  days  had  collected 
more  than  six  hundred  ;  with  which  we  were  no 
less  rejoiced,  as  long  as  we  were  ignorant  of  their 
real  value,  than  the  Indians  with  our  glass  beads." 


Ancient  American  Bronaes. 


Chisel  firom  silTer-mlnes,  Cuioo 

Chisel  from  Ciuoo 

Knife  from  graT6,  Ataoama  . 

Knife 

Crowbar  from  Chili 

Knife  from  Amaro     . 

Perforated  axe 

Personal  ornament,  TmigiUa    . 

Bodkin  from  graTe 


Copper. 


94 

6 

92.885 

7.615 

97  87 

2.1B 

96 

4 

92.886 

7.615. 

95.864 

8.965  0.871 

96 

4 

95.440 

4.660' 

96.70 

8^ 

The  bronzes  of  Europe  took  a  much  wider  range  of 
variation. 


Copper. 


Spear-head,  Lincolnshire 
Bronio  Tessel,  Cambridgeshire 
Flexible  nails 
Sword,  France   . 

Medal 

Axe-head,  Mid-Lothian     . 
Caldron,  Ouddingstone 
Mirrors      .... 
Sword,  Ireland 
Sword,  Tliames .... 
Axe-head,  Ireland 
Drinking-horn,  Kings  Co. ,  Ireland 
Wedge,  Ireland     . 


86 

88 

20 

87-47 
100 

88.6 

84.8 
lOO 

88.60 


79.84 
94 


Tin. 


14 
12 

1 

12.68 
8-12 
11.12 

7.19 
80-60 

6.15 

968 

9.19 
10.87  I  9.11 

6.9 


Iron. 


0.78 
8.58 


8 

0.88 

0.83 

0.1 


See  also  Brasses  and  Bronzes,  with  the  addition 
of  Iron,  p.  61. 


Statuary  brome 
Church  bells  . 
Church  bells 
Clock  bells     . 
Gun-metal 
Qongs     . 
Cymbals    . 
Lathe-bualies . 
Machinery  bearings 
Machinery  bearings, 
Speculum  metU 
Speculum  metal 
Speculum  metal 
Speculum  metal 
Speculum     metal     (Lord 

Bosse)     .       • 
Aluminium  brome 


1 

i_ 

j_ 

91.4 

1.4  1  6.6 

1.7 

80 

10.1 

6.6 

4.8 

16 

8-6 

. 

72 

26.6 

1.6 

9 

1 

81.6 

18.4 

4 

1 

80 

20 

7 

1 

hard 

77.4 
66 

1   7 
,  60 

16.6 

22 

4 

29 

7 

8 
21 

12 

.   1  6 

2 

1 

(Lord 

1  126.4 

68.9 

1  90 

ll 


10  ' 


Cooley's  recipes  for  bronze  :  — 


For  edge-tools  . 

For  gilding    . 

For  medals 

For  medals  (M.  Chaudet) 

For  mortars      . 

For  statuary . 

Or  (Statue,  Louis  XV.)     . 

Or 


Copper.     Tin.     Zinc. 


100 
82 


95 


91 


14 
8 

8 
4 
2 
9 
6 
9 


18 
8 


2 

10* 


Alloys  into  which  aluminium  enters,  either  in  com- 
bination with  copper  alone,  or  with  that  and  other 
metals,  are  usually  termed  aluminium  bronzes ;  the 
composition  of  some  of  these  is  given  below :  — 


UM 
&"&" 


Aluminium 

Iron 

Copper 

Platinum 

Tin      . 
,  Nickel      . 
I  surer . 
I  Zinc 
'  Gold    . 
I  Tungsten 


7.6 
92. 


7.6 

90 


2.5 


18.70 
2718 

si.n 

98.84 
58  92 
29.62 
108.30 
32.81 


100 


.5 

9 


10  25   3 

75I 
90       16 


10 


10.5 
.3 


_: I      See  also  Aluminium  Bronze,  pp.  70,  71. 
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2.  {Cotton  -  manufacture.)  One  style  of  calico- 
printing,  peculiar  rather  from  the  chaiacter  of  its 
colors,  than  from  any  specific  novelty  in  treat- 
ment. 

Bronae  Pow'der.  Finely  pulverized  metal, 
or  powder  having  a  metallic  base,  applied  to  the 
surface  of  paper,  leather,  and  other  materials,  for 
imparting  a  metallic  color  and  luster. 

1.  ChSipouxUr  for  bronzing  b  made  by  grinding 
leaf-pold  with  honey  ;  dissolving  the  mixture  to 
obtam  the  gold  by  deposition,  the  honey  water 
being  decanted. 

2.  Otrman  gold  is  a  yellow-alloy  leaf  similarly 
treated. 

3.  Mosaic  gold  is  prepared  by  incorporating  and 
grinding  tin,  16  ;  flower  of  sulphur,  7  ;  mercury,  8  ; 
and  sal-ammoniac,  8  ;  and  then  subliming  the 
amalgam.  A  flaky  gold -colored  powder  remains  in 
the  matrass. 

4.  Copper  powder  is  obtained  by  saturating  nitrous 
acid  with  copper,  »nd  then  precipitating  the  copper 
by  exposing  iron  bars  in  the  solution. 

6.  Bisulphide  of  tin.  It  has  a  golden  luster, 
flaky  texture,  and*  is  used  for  ornamental  work, 
such  as  paper-hangings,  and  as  a  substitute  for  gold- 
leaf. 

6.  Dutch  foil  reduced  to  a  powder  by  grinding. 

7.  Verdims,  8 ;  tutty  powder,  4 ;  borax,  2 ; 
niter,  2 ;  bichloride  of  mercury,  i ;  grind  into  a 
paste  with  oil,  and  fuse  them  togemer. 

8.  (Iron-colored)  plumbago  in  powder. 

9.  (Red)  sulp.  copper,  100 ;  carb.  soda,  60 ;  mix 
and  incorporate  by  heat ;  cool,  powder,  and  add 
copper  filings,  15 ;  mix ;  keep  at  a  white  heat  for 
twenty  minutes ;  cool,  powder,  wash,  and  dry. 

Bronslne;.  The  process  of  giving  a  bronze-like 
or  antique-metallic  appearance  to  the  surface  of 
metals. 

The  processes  vary ;  thev  may  be  classed  as — 

Coating  with  a  melted  aUoy. 

Coating  with  a  metal  in  paste,  solution,  or  vapor. 

Corrosion. 

Coating  with  a  gum. 
•    Application  of  bronze  powder. 

Punting. 

The  modes  vary  with  the  material :  — 

I.  As  to  copper  (some  of  them  applicable  to 
brass). 

1.  The  surface  is  cleaned,  polished,  and  a  paste 
of  crocus  jtowder  and  water  applied  to  it.  Apply 
heat  to  develop  the  color  required. 

2.  Pliimbago  applied  in  the  same  manner.  Bv 
employing  mixtures  of  plumbago  and  crocus,  dif- 
ferent shmles  are  obtained. 

8.  The  copper  is  exposed  at  a  high  heat  to  the 
flimes  of  zinc. 

4.  The  copper  vessel  is  filled  with  a  water  acidu- 
lated with  nydrochloric  acid,  an  amalgam  of  zinc 
and  cream  of  tartar  being  added.     Boil  for  a  while. 

The  latter  two  processes  are  more  properly  brassing. 

5.  Corrosion  processes  :  — 

a.  Wash  the  cleaned- copper  with  a  dilute  solu- 
tion of  sulphuret  of  potassium,  or  hydrosulphuret  of 
ammonia  is  applied  with  a  brush. 

b.  Apply  solution  of  verdigris,  2 ;  sal-ammoniac, 
1 ;  and  vinegar,  16. 

c.  Or,  veraigris,  2 ;  vermilion,  2 ;  alum,  5 ;  sal- 
ammoniac,  5  ;  vinegar  sufficient  to  form  a  thin 
paste.  Blut;  vitriol  inclines  to  dark  brown,  borax 
to  yellow  brown. 

d.  Or,  sal-ammoniac,  1 ;  cream  tartar,  8 ;  com- 
mon salt,  3 ;  hot  water,  16  ;  dissolve,  and  add 
nitrate  of  copper,  3,  dissolved  in  water,  8 ;  apply 
repeatedly  with  a  brush. 


e.  Or,  salt  of  sorel,  1 ;  sal-ammoniac,  3  ;  distilled 
vinegar,  82  ;  apply  as  above. 
/.  Or,  a  weak  solution  of  chloride  of  platinium. 

II.  As  to  iron  :  — 

a.  Clean  the  metal,  and  wash  it  with  or  immerse 
it  in  a  solution  of  sulphate  of  copper  or  verdi^^is, 
when  it  will  acquire  a  coating  of  copper. 

b.  The  metal  may  be  dipped  in  molten  metal,  cop- 
per, or  its  alloys. 

c.  The  polished  metal  —  a  gun-barrel,  for  instance 
—  may  be  di'opped  in  a  solution  of  chloride  of  anti- 
mony and  sulphate  of  copper.     This  is  browning, 

d.  The  ordinary  solution  consists  of :  aquafortis, 
1 ;  sweet  spirits  of  niter,  1 ;  blue  vitriol,  4 ;  tinc- 
ture of  the  muriate  of  iron,  2  ;  water,  82. 

e.  Or,  blue  vitriol,  1  ;  sweet  spirits  of  niter,  1 ; 
water,  16. 

/.  The  iron  is  cleaned,  polished,  coated  with 
linaeed-oil,  and  heated  to  develop  the  tint  required. 
Tucker's  patent,  Dec.  15,  1863. 

g.  The  iron  is  cleaned,  polished,  and  lacquered. 
The  lacqufr  consists  of  shell-lac  in  alcohol,  with  or 
without  the  addition  of  saffron,  annotto,  aloes,  or 
other  coloring  substances. 

h.  The  iron  is  painted  with  a  ^2c^paint,  so 
called  ;  Dutch  metal  and  varnish. 

i.  The  iron  is  painted  green,  and  rubbed  with 
bronze  powder. 

III.  As  to  tin  :  — 

Clean  the  castings,  and  wash  them  with  a  mix- 
ture of  1  part  each  of  sulphate  of  copper  and  sul- 
phate of  iron  in  20  parts  of  water ;  dry  and  wash 
acain  with  a  solution  of  verdigris,  5  parts  ;  in  dis- 
tflled  vinegar,  11  parts.  When  dry,  polish  with  col- 
cothar. 
'  IV.  As  to  plaster :  — 

Plaster-of-paris  statuettes,  medals,  etc.,  may  be 
bronzed  in  the  following  manner  :  — 

Prepare  a  soap  from  Imseed-oil  boiled  with  caustic 
soda  lye,  to  which  add  a  solution  of  common  salt ; 
and  concentrate  it  by  boiling,  till  it  becomes  some- 
what granular  upon  the  surface  ;  it  is  then  strained 
through  a  linen  cloth,  and  what  passes  through  is 
diluted  with  boiling  water,  and  again  filtered.  Dis- 
solve 4  parts  of  blue  vitriol  and  1  part  of  copperas 
separately  in  hot  water,  and  add  this  solution  to  the 
solution  of  soap  as  long  as  it  occasions  any  precipi- 
tate. This  flocculent  precipitate  is  a  combination 
of  the  oxides  of  copper  and  iron  with  the  margario 
acid  of  the  soap,  tne  former  giving  a  green  and  the 
latter  a  reddish-brown  color,  the  combination  of  the 
two  resembling  that  greenish  rust  which  is  charac- 
teristic of  ancient  bronzes.  When  the  precipitate 
is  completely  separated,  a  fresh  portion  of  the  vitriol 
solution  is  to  be  poured  upon  it  in  a  copper  pan, 
and  boiled  in  oroer  to  wash  it.  After  some  time 
the  liquid  part  is  poured  ofi",  and  the  soap  washed 
with  warm  and  afterward  with  cold  water,  pressed 
in  a  linen  bag,  and  drained  and  dried,  when  it  is 
ready  for  use,  in  the  following  manner  : — 

Three  pounds  of  pure  linseed-oil  are  boiled  with 
12  ounces  of  finely  powdered  litharge,  and  the  mix- 
ture is  strained  through  a  canvas  cloth  and  per- 
mitted to  stand  in  a  waim  place  until  it  becomes 
clear.  15  ounces  of  this,  12  ounces  of  the  above- 
described  soap,  and  5  ounces  of  fine  white  wax, 
are  melted  together  at  a  gentle  heat  in  a  porcelain 
basin,  by  means  of  a  water-bath.  The  mixture 
must  be  kept  some  time  in  a  molten  state,  to  expel 
any  moisture  which  it  may  contain.  It  is  then  ap- 
plied by  means  of  a  paint-brush  to  the  surface  of  the 
gypsum,  which  is  neatcd  to  the  temperature  of 
about  200**  F.  After  exposure  to  the  air  for  a  few 
days  the  surface  is  rubbed  with  cotton -wool  or  a 
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fine  rag,  and  variegated  with  a  few  streaks  of  metal 
powder  or  shell  gold.  Small  objects  may  be  dipped 
in  the  melted  mixture  and  then  exposed  to  the  neat 
of  the  fire  until  thoroughly  penetrated  and  evenly 
coated  with  it. 

The  bronze  letters  and  figures  upon  the  bonds 
and  paper  currency  of  the  United  States  —  as,  for 
instance,  '*  the  faint  attempt  at  a  metallic  ring,"  as 
Mr.  Secretary  Chase  called  it,  on  the  old  twenty-five- 
cent  fractional  currency  —  are  made  by  printing  in 
drying-oil,  and  applying  the  metal  in  fine  dust  to  the 
damp  surface. 

Brons'lng-ma-ohine'.    A  machine  for  bronzing 

wall-papers  or 
Fig.  941  printett      sheets. 

1  Those  parts  of  the 
sheet  which  are  to 
receive  the  bronze 
powder  are  first 
printed  with  let- 
ters or  figures  in 
ink  or  s^ze.  The 
machines  vary  in 
the  special  devices 
for  distributing 
and  removing 
superfluous  pow- 
der. 

In  Fig.  941  the 
freshly  printed  pa- 
per is  carried  be- 
tween  endless 
tapes  under  a  fur-covered  roller,  through  a  fur-lined 
box,  and  around  a  roller  beneath  a  wiper-apron.  It 
operates  by  first  coating  the  freshly  inked  parts  with 
bronze-dust,  and  then  removing  the  same  from  be- 
tween the  letters. 


BronzinfMaekuu. 


In  the  example  (Fig.  942)  the  freshly  printed  pa- 
per is  laid  upon  the  teed-braid,  and  its  edge  seized 
by  the  gripper  a,  so  that  the  revolution  of  the  wheel 
A  carries  the  sheet  past  the  fur-wheel  (7,  which  re- 
Fig.  942. 


Bromting'Btlaekme, 

volves  at  the  bottom  of  the  bronze- hopper  E;  thence 
past  the  burnisher  ff,  which  removes  superfluous 
bronze,  and  is  itself  cleaned  bv  the  brush  /,  which 
delivers  the  bronze  into  the  collecting-box  O.  The 
sheet  then  passes  between  the  wheel  A  and  apron  g, 
and  receives  a  final  brushing  at  the  point  of  delivery. 

Brooch.  1.  An  ornamental  clasp  with  a  pin  for 
fastening  the  dress. 

The  term  corresponds  to  ouch  (which  see),  under 
which  name  the  ornamental  clasp  appears  in  the 


Kin^  James  version  of  the  Bible,  Exodus  xxviii.'ll, 
xxxix.  1 8,  and  in  other  places.  See  Minshieu's  * '  Duc- 
tor  in  Linguas,"  1617 ;  Philliiis's  "World  of  Words," 
1658.  See  also  the  same  passages  in  the  **  Bishop's" 
and  "  Coverdale's"  versions.  In  the  "  Wick  line  " 
version  it  is  rendered  **  hookes." 

The  ouch  or  brooch  was  a  clasp  or  button,  and,  in 
course  of  time,  came  to  be  fastened  with  a  pin  called 
a  broach  (Fr.  broche),  and  hence  the  name  brooch,  of 
this  form  of  ornamental  clasp,  has  been  attributed  to 
the  name  of  the  pin  (broach)  by  which  it  is  fastened. 

This  brooch  or  pin,  probably  as  large  as  the  cork- 
ing-pin of  Swift's  time,  of  old  formed  a  stiletto  upon 
occasion,  as  among  the  Athenian  dames,  who  made 
such  [minted  inquiries  of  the  man  who  alone  escaped 
from  the  slaughter  of  the  party  of  Athenians  who 
made  a  raid  upon  Egina,  to  capture  the  olive-wood 
statues  of  Damia  and  Auxesia,  plundered  by  the 
Eginetans  from  the  Kpidaurians.  Herodotus,  V.  87, 
says:  — 

'*When  he  pame  back  to  Athens,  bringing  word 
of  the  calamity,  the  wives  of  those  who  had  been 
sent  out  on  the  expedition  took  it  sorely  to  heart 
that  he  alone  should  have  survived  the  slaughter ;  they 
therefore  crowded  around  the  man,  and  struck  him 
with  the  brooches  by  which  their  dresses  were  fast- 
ened, each,  as  she  struck,  asking  him,  '  Where  did 
you  leave  my  husband '/ '  and  the  man  died  in  this 
way." 

The  upshot  of  it  was,  that  the  men  of  Athens  were 
so  disgusted  at  the  conduct  of  the  women,  that  they 
changed  their  dress,  which  was  a  short  Dorian  tunic 
having  no  sleeves,  and  fastened  over  both  shoulders 
by  brooches,  and  compelled  them  to  wear  the  Ionic 
linen  gown,  with  short,  loose  sleeves,  and  with  a 
skirt  reaching  to  the  ankles.  "This,"  Herodotus 
says,  "does  not  require  bi-ooches." 

This  brooch  was  not  a  buckle,  but  a  pin  with  a 
hooked  head  ;  so  it  was  a  broach,  after  all. 

2.  A  painting  all  of  one  color,  as  in  sepia  or  india- 
ink. 

Brood.  (Mining,)  Any  heterogeneous  mixture 
among  tin  or  copper  ore ;  as,  mundick,  black-jack,  etc. 

BrooxiL  A  domestic  utensil  for  sweeping,  made  • 
of  various  materials,  most  commonly,  with  us,  o(  the 
broom-corn,  which  is  a  species  of  doura  or  sdighum, 
and  came  from  Africa.  Of  late  years  much  attention 
has  been  directed  to  the  subject  of  broom-heads,  so 
that,  instead  of  the  handle  and  head  being  thrown 
away  as  useless  when  the  com  is  worn  out,  they  are 
made  permanent,  with  arrangements  for  clamping  the 
com  and  unclamping  it,  so  tliat  it  may  be  removed 
when  worn  out,  and  fresh  com  substituted. 

Benjamin  Franklin  introduced  broom-cora  into 
this  country,  previous  to  which  brooms  were  made 
of  evei^en  boughs.  It  is  said  that,  while  examin- 
ing an  imported  com -whisk,  he  discovered  a  single 
se^,  which  he  planted  in  his  garden,  and  from  which 
the  com  was  propagated. 

Brooms  are,  however,  made  of  various  materials, 
animal  and  vegetable. 

Among  the  kinds  may  be  cited  (and  some  of  them 
are  really  bmshes  on  long  handles) :  — 


Carpet. 

Coir. 

Hair. 


Hearth. 

Hickory. 

Whisks. 


Broom-corn  Beed-strip'per.  A  machine  like 
a  ^X'Hpple,  for  removing  the  seeds  from  broom- 
corn.  It  is  like  a  comb,  over  which  the  corn-brush 
is  thrown,  and  the  seeds  stripped  off  by  pulling  the 
bmsh  between  the  teeth. 

Broom-han'dle  Ma-chine'.  A  lathe  with  a 
hollow  mandrel  and  internal  cutters.     "The  stick  is 
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pasted   longitudiDally  through  the   mandrel   and 
rounded  throughout  its  length. 

In  the  example  the  hollow  mandrel  has  a  pair  of 
circular  cutters  for  cutting  off  the  rough  comers  of 
the  handle  ;  also  a  tapering  bit  oscillating  on  a  pivot 
and  acted  on  by  a  spring,  a  lever  being  connected 
with  the  cutter  by  a  link,  and  the  bit  being  con- 

Kig.  948. 


Broom-HBouBi  Lathe 

trolled  by  plates  connected  with  catches,  projections 
resting  on  the  flanges  of  the  cam-wheels  attached  to 
a  shaft,  there  being,  farther  on  the  mandrel,  a  third 
beveled  cutter,  with  its  cutting-edge  flatwise  thereto, 
80  that  by  their  movements  the  various  work  is 
effected. 

Broom-head.  A  clasp  or  cap  for  holding  the 
bunch  of  broom-corn,  so  that  a  worn  stump  may  be 
removed  and  fresh  brush  substituted.  There  are 
very  many  forms,  among  which  may  be  cited  the 
examples  annexed,  which  require  but  little  explana- 
tion. 

In  the  upper  left-hand  example  the  broom -com 
is  hung  over  the  stirrup  and  drawn  into  the  cap  by 
the  screwing  of  the  stirmp  into  the  handle. 

The  next  figure  shows  another  stirmp,  screw- 
shank,  and  cap  aiTangement. 

The  figure  beneath  the  one  last  described  has  a 
head  whose  bars  have  prongs  to  enter  the  bunches 
of  bmsh.  The  bars  of  one  side  open  to  admit  the 
broom-com,  and  are  then  locked  in  closed  position. 

The  next  examples  have  variously  shaped  heads 
and  modes  of  securing  the  contents. 

The  lower  figure  has  a  clasp  with  a  pair  of  hinged 
jaws  with  pronged  bars. 

Broom-sew'ing  Ma-ohine'.  A  machine  for 
pressing  a  bunch  of  broom-com  into  shape  for  a 
oroom,  And  sewing  it  in  its  flattened  form.  The 
broom  is  placed  between  jaws  a  a,  closed  by  an  ec- 
centric c,  operated  by  lever  b. 

The  machine  being  set  in  motion  by  the  rotation 
of  the  shaft  of  the  cam-wheel  A,  the  cam-groove  of 
the  latter,  actuating  the  lever  /,  fbrces  forward  the 
needle-bar  e,  thus  driving  the  needle  with  its  thread 
through  the  broom  above  'the  twine  w^ound  around 
the  latter.  The  shuttle  C,  operated  by  lever  5,  act- 
ing on  the  opposite  side  of  the  broom  in  conjunction 
with  the  needle,  forms  the  stitch.  This  being  done, 
the  reverse  movement  of  the  needle-bar  withdraws 
the  needle,  the  eccentric  n  lifts  the  jaws  a,  so  that  the 
next  stroke  of  the  needle  carries  the  stitch  below 
the  binding-twine,  the  jaws  being  meanwhile  moved 
along  the  guides  x  by  means  of  a  pawl,  operated  by 


Fig.  944. 


Bmom-Hmda 
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Fig.  946 


Tiuct.  of  gam  benzoin 
Water  . 


1}  ounces. 
8  pints. 


Broom' Sewing  Machine. 

A  cam  n  on  a  supplemental  shaft  moved  by  gears  hj^ 
die  pawl  gearing  with  a  ratchet  formed  at  the  under 
side  of  the  outermost  of  the  jaws  a.  The  next  out- 
ward movement  of  the  needle,  the  jaws  being,  of 
course,  again  lowered,  carries  the  stitch  above  the 
binding  -  twine.  In  this  manner  the  stitches  are 
formed  alternately  above  and  below  the  binding- 
twine,  the  distance  a^rt  of  the  stitches  correspond- 
ing, of  course,  to  the  intermittent  feed  given,  as  just 
described,  to  the  iaws  a  upon  their  supportinff^guides 
X.  Tlie  needle  is  supplied  from  spool  J^,  which  has 
a  tension-spring  g. 

Brough'anL  (Vehich,)  From  braucUe,  a  form 
of  fiacre  invented  by  Dupin  about  1671.  A  closed 
carriage  with  a  single  inside  seat  for  two  persons, 
and  an  elevated  driver's  seat.  The  front  is  glazed, 
and  the  fore-wheels  turn  on  a  short  lock. 

Bro'w-band.  {Saddlery.)  A  band  of  a  bridle, 
head-stall,  or  halter,  which  passes  in  front  of  the 
horse's  forehead,  and  has  loops  at  its  ends,  through 
which  pass  the  cheek -straps. 

Brown'ing.  A  process  bv  which  the  surfaces  of 
articles  of  iron  acquire  a  shining  brown  luster  ;  this 
may  be  produced  by  chloride  of  antimonv. 

Browning f  or  Bronzing  Liquid.  Sulphate  of  cop- 
per, 1  oz.  ;  sweet  spirit  of  niter,  1  oz. ;  water,  1 
pint.     Mix.     In  a  few  days  it  will  be  fit  for  use. 

Browning  for  Oun-Barrels.  Tinct.  of  mur.  of 
iron,  1  oz.  ;  nitric  ether,  1  oz.  ;  sulph.  of  copper,  4 
scruples  ;  rain-water,  1  pint.  If  the  process  is  to  be 
huiTied,  add  2  or  3  grains  of  oxymuriate  of  mercury. 

When  the  barrel  is  finished,  let  it  remain  a  short 
time  in  lime-water,  to  neutralize  anv  acid  which 
may  have  penetrated  ;  then  rub  it  well  with  an  iron 
wire  scratcn-brush. 

Another  recipe  is  :  — 


Nitric  ether  . 

.     6 

ounces. 

Alcohol 

1 

ounce. 

Sulphate  of  copper 

.     U 

ounces. 

Muriated  tinct.  of  iron 

I 

ounces. 

The  blue  vitriol  is  first  dissolved  in 
the  water  (boiling). 

Brown  Pamper.  A  coarse  kind  of 
wrapping-paiier,  which  is  made  from  un- 
bleached material,  such  as  iunk,  hemp, 
refuse  fiox,  etc  It  is  made  of  various 
qualities,  from  manilla  to  straw. 

Brown  "Wara  A  common  variety 
of  pottery,  named  from  its  color. 

Brow-poBt  (Carpentry.)  A  beam 
that  goes  across  a  building. 

BroiB'er.  A  concave  tool  used  in 
grinding  lenses  or  the  speculums  of 
telescopes. 

BmiBipg.  {Leather  •  nianufaclure. ) 
After  curried  leather  has  been  daubed 
and  dried^  it  is  grained  hj  folding 
^^-atn-side  in,  and  rubbing  with  a  crip- 
pler.  It  is  then  extended  and  rubbed 
on  the  grain-side,  which  is  called  bruis- 
ing. 

Bmis'ing-ma-chine'.  A  machine 
for  bniisiug  rough  feed  to  make  it  more 
palatable  and  digestible  for  stock.  It 
IS  principally  used  in  Britain  in  bruis- 
ing prickly  plants  such  as  the  furze, 
which  is  also  known  as  whin  or  gorse 
(Ulex  Europeus)^ — a  jirickly  plant  very 
common  in  the  British  Islands,  and 
very  nutritious  when  brought  into  a 
condition  which  does  not  repel  the  animals. 

The  mode  of  preparing  it,  where  machineiy  is  not 
accessible,  is  by  means  of  the  choppiug-block  and 
mallet. 

Fig.  946. 


Furze-Bruinng. 

The  illustration  shows  a  bniising-machine  with 
studded  cylinders. 

BruiB'ing-mlll.  (Milling.)  A  hand-mill  in 
which  grain  for  feed,  malt  for  brewing,  and  flax-seed 
for  pressing,  arc  coarsely  ground.  It  consists  of  two 
cast-iron  rdlers  mounted  on  a  strong  frame,  and  so 
arranged  that  grain  is  carried  between  them  and 
crushed  more  or  less  according  to  the  degree  to 
which  the  rollers  are  tightened  up  by  the  hand- 
screw  at  the  end  of  the  frame.  With  the  hand-mill 
one  man  will  crush  about  2^  bushels  of  oats  or  flax- 
seed per  hour,  and  two  men  4  busheb.  By  horse 
or  steam  power  it  will  crush  from  15  to  24  bushels 
per  hour.  Of  malt^  from  two  to  three  times  the 
above  quantities  may  be  ground.     (Fig.  947.) 

Brtuui.  1.  An  assemblage  of  hairs,  h(w's  bristles, 
strips  of  whalebone,  short  wires,  fastened  to  a  han- 
dle, either  collectively  or  in  se^mrate  tufts. 
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Kg.  947.  The  smallest  kind   of 

*^-""he8  are  used  in  wa- 
iolor,  and  some  kinds 
3U8e,  sign,  and  coach 
se    painting,       and 
are   called  jtww- 
camel,  badger,  squir- 
{oat,  fitch,  and  sable 
etc. ,  are  employed. 
le  are  made  by  insert- 
a  tuft  of  the  hairs* 
their  roots  bound 
ther  into  a  quill  pre- 
sly  softened,  which, 
rying,  serves  to  hold 
I  fast ;  for  the  larger 
,  a  tin  tube,  either 
d    or   flat,    is    em- 
ed. 
Brumng-Mm.  ,     "^^'  bristlesare,  how- 

ever,  the  material  pnnci- 
pally  used,  the  whiter  and  better  kinds  being  em- 
ployed for  hair,  tooth,  clothes,  and  hat  brushes,  and 
also  for  the  better  classes  of  paint-brushes. 

The  bristles  are  first  sorted  according  to  color,  and 
then,  by  means  of  a  series  of  combs  (a.  Fig.  948), 
having  teeth  formed  of  needles  of  various  sizes,  and 
placed  at  diiferent  distances  apart,  they  are  assorted 
according  to  size,  by  employing  at  first  the  largest 
<'x)mb  and  then  in  succession  the  smaller  ones,  fixed 
to  a  work-table. 

The  paint-brush  —  the  simplest  form  of  brush  — 
is  made  by  inserting  full-length  bristles  between  two 
projecting  prongs  on  the  handle,  and  securing  them 
by  a  wrapping  of  twine,  which  is  afterwai*d  protected 
by  a  coating  of  glue  mixed  with  red-lead.  In  other 
paint-brushes  the  bristles  are  surrounded  by  a  me- 
tallic cap,  which  binds  them  to  the  handle.  In  large 
])alnt-brushes  and  painter's  dusters,  the  handle  is 
secured  by  driving  its  smaller  end  foremost  into  the 
bristles,  placed  within  an  iron  cup,  which  binds 
them  fast. 

Hair-brooms,  dusters,  etc.,  are  made  by  inserting 
tufts  of  bristles  into  a  stock  or  head  previously  bored 
with  holes  for  their  reception.  These  are  frequently 
bored  angularly  to  the  face,  or  the  face  itself  is  round- 
(hI  so  as  to  give  the  tufts  an  outward  splay  when 
inserted  ;  the  root-ends  are  first  dipped  into  melted 
pitch,  then  bound  with  thread,  again  dipped,  and 
then  inserted  with  a  sort  of  twisting  motion.  Brush- 
es of  this  description  are  usually  made  with  bristles 
of  the  full  length  ;  but  where  stiffness  is  required,  as 
in  scrubbing,  hair,  and  other  similar  brushes,  each 
tuft  of  bristles  is  doubled  so  as  to  present  both  ends 
outward  ;  these  are  then  cut  off  square  and  even, 
presenting  a  hard  surface,  esi)ecially  when  the  doub- 
ling is  made  near  the  root-ends. 

The  stocks  or  brush-boards  are  cut  from  pieces  of 
requisite  thickness,  so  as  to  get  two  out  of  each  width 
of  board  {b,  Vm.  948).  The  holes  are  drilled  through 
a  pattern-board,  to  insure  uniformity  ;  this  is  flat  for 
a  plane-surface  brush,  but  if  the  edge  is  to  have 
oblique  rows  of  bristles,  a  pattern  bent  to  acorresjiond- 
ing  obliquity  is  employed.  Drawing,  the  next  step, 
is  performed  by  clamping  the  drilled  stock  to  a  table 
and  passing  a  loop  of  brass  wire  through  the  first 
hole  in  the  first  row,  inserting  a  tuft  of  bristles 
through  the  loop  and  drawing  on  the  wire,  so  as  to 
pull  tne  tuft  into  place,  when,  bending  the  wire 
again,  another  loop  is  formed,  and  so  on  successively 
until  a  row  is  completed,  when  the  tufts  are  cut  off 
\vith  shears  to  a  length  regulated  by  a  gage  ;  or,  in 
case  the  bristles  are  short,  the  stock  is  filled  previous 
to  cutting.     In  Fig.  948,  c  shows  a  perforated  brush- 


back,  d  a  tuft  ready  for  insertion,  /  the  face  of  an 
oval  brush  after  drawing,  and  g  a  brush  of  black 
bristles  with  an  edging  of  white  bristles,  cut  and  fin- 

ng.  948. 


•  (^^^ 


ished.  The  drawing- wires  are  neatly  covered  with 
veneer  to  strengthen  and  improve  the  brush,  and 
prevent  the  wires  from  scratching  the  hand ;  after 
which  the  brush  is  finished  up  with  a  spoke-shave 
and  scraper,  sand-papered,  and  varnished.  In  the 
smaller  kinds  of  drawn  brushes,  such  as  nail  and  tooth 
brushes,  the  holes  are  sunk  in  narrow  grooves  in  the 
stock,  which  are  afterwards  filled  with  a  hard  red 
cement. 

The  best  sorts  of  brushes  are  trepanned ;  in  this 
process  a  number  of  holes  are  drilled  in  the  bone 
back  either  transverselv  or  longitudinally,  and  a 
number  of  holes  are  suuk  through  to  these  fh)m  the 
face-side  of  the  brush  ;  the  tufts  are  then  drawn  with 
strong  thread  or  silk,  and  the  longitudinal  or  trans- 
verse noles  filled  with  plugs  of  bone  or  ivory. 

Whalebone,  cut  into  strips,  and  split,  is  used  in 
the  same  manner  as  bristles,  to  form  brushes,  either 
by  itself  or  in  conjunction  with  bristles.  In  the 
latter  case,  the  adulteration  is  soon  detected  by 
the  more  rapid  Wear  and  splitting 'of  the  ends  of  the 
whalebone. 

In  Woodbury's  brush-making  machine  a  quantity 
of  the  bristles  is  laid  upon  a  comb-shaped  feeder,  and 
a  steel  point  parts  from  their  edge,  as  spread  upon 
the  apron,  just  enough  for  one  bunch.  A  plunger 
comes  down  upon  this  bunch  and  bends  it  double, 
the  two  halves  fitting  into  slots  in  a  follower  in  size 
suited  to  the  work  in  hand.  A  carrier  then  pushes 
about  two  inches  of  wire  through  the  bunch  at  the 
bend,  and  cuts  off  the  part  thus  advanced.  The 
plunger  now  pushes  the  doubled  bunch  with  wire 
down  into  a  nut  with  spiral  threads  or  rifles  on  the 
inside,  at  the  same  time  giving  it  a  twist.  The  ef- 
fect of  this  motion  is  to  wrap  the  wire  as  a  spiral  or 
screw  thread  around  the  bunch,  and  the  twisting  or 
gimlet  motion  continues  so  as  to  screw  the  bunch,' 
wire  and  all,  into  the  hole  of  the  brush-stock  below, 
giving  it  the  firmness  and  solidity  of  a  screw.  Then 
releasing  its  hold  and  giving  one  revolution  back- 
ward, to  take  the  twist  out  of  the  bunch,  the  plun- 
ger flies  up  and  is  ready  for  another  bunch,  which  it 
prepares  and  inserts  by  the  same  motions.  This  set 
of  operations  is  completed  at  the  rate  of  about  70 
series  per  minute,  thus  finishing  an  ordinary  scrub- 
bing-brush within  that  time.  As  the  holes  do  not 
pass  through  the  wood,  no  back  is  required. 

Amon^  the  varieties  and  parts  of  brushes,  and 
the  appliances  concerned  in  their  making,  may  be 
named  :  — 

Blacking-brush.  Bristle-bunching.machine. 

Black-lead  brush.  Bristle -cleaning  machine. 

Bottle-brush.  Bristle- washing  machine. 

Brass-finisher's  brush.        Broom. 
Bristlc-assortingmachine.  Brush-back. 
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Brash  for  cannon. 

Brush-handle. 

Brush-head. 

Brushing-machine. 

Brush-making  machine. 

Cai-pct-brush. 

Carriage-brush. 

Cloth-brush. 

Clothes-brush. 

Drawn-brush. 

Dusting-brush. 

Ear-brush. 

Engine-brush. 

Feather-brush. 

Flesh- brush. 

Flue-brush. 

Furniture-brush. 

Graining-brush. 

Hair-brush. 

Hair-pencil. 

Harness-brush. 

Hat- brush. 

Hearth-brush. 


Horse-brush. 

Hydraulic-brush. 

Irrigatiug-brush. 

Lure. 

Marking-brush. 

Meohanical  broom. 

Nail-brush. 

Paint-bnusli. 

Paste-brush. 

Revolving-brush. 

Rotary-brush. 

Scrubbing-brush. 

Shoe-brush. 

Spoke-brush. 

Stock-brush. 

Street-sweeping  machine. 

Tar-brush. 

Tool-brush. 

Tooth-bru.sh. 

Tube-brush. 

Velvet- brush. 

Whisk -brush. 

Wire-brush. 


2.  A  mop  for  cannon.     See  Sponge. 

Bnisli->nat.  One  in  which  the  surface  is  contin- 
ually brushed  by  a  hand-brash,  during  the  process 
of  sizinSp  so  as  to  bring  a  nap  to  the  surface. 

Bni&'ing-ma-oliine'.  1.  {Hat-maJcina.)  A  ma- 
chine for  brushing  hats,  to  remove  the  dust  after 
pounciug,  or  to  lay  the  nap  smoothly. 

2.  (IrooUn-manufacture.)  A  machine  used  to  lay 
the  nap  on  cloth  before  ahsaring.  It  has  a  cylinder 
covered  with  brushes.  For  some  purpoiies,  the  cloth 
is  damped  by  exposure  to  steam,  which  escapes  in 
minute  jets  from  a  copper  box  extending  the  whole 
¥ddth  of  the  machine.  Sometimes  called  a  brushing- 
mill. 

3.  {Flax-manufaciure.)  A  machine  for  scutching 
flax,  in  which  the  beaters  are  superseded  by  stiff 
brushes  of  whalebone.     See  Scutchino-machine. 

Bmsh-pnll'er.  (Agriculture.)  A  machine  for 
pulling  up  brush  by  the  roots.  It  sometimes  con- 
sists of  a  mere  hand-tool,  with  a  gripper  to  give  a 
firmer  hold  than  the  hand  will  readily  afford.  As 
a  machine,  it  is  a  traveling  implement  with  closing 
jaws,  which  seize  the  bushes  and  pull  them  out  as 
the  team  moves  on. 

Bmsh-wheel.  a.  A  wheel  with  bristles  on  its 
periphery,  used  to  turn  another  wheel.  One  of  the 
wheels  being  driven,  commu- 
nicates motion  to  the  other  by 
frictional  contact.  The  con- 
tacting surface  may  be  a  brush, 
leather,  india-mbber,  cloth,  or 
nn3rt}iing  else  which  is  slightly 
elastic  and  not  too  slip))ery. 
The  relative  rate  of  motion 
may  be  a^justetl  by  moving 
the  wheel  whose  |)eripher}^  is 
engaged  towanls  or  fram  the 
center  of  the  face- wheel.  The 
motion  may  1x3  communicated 
by  contact  of  the  peripheries  of  the  resjiective 
wheels. 

b,  A  circular  brush  running  in  a  lathe,  and  used 
to  polish  articles,  is  also  called  a  brush- wheel. 

These  brushes  are  hard  or  soft,  and  the  wheels 
are  from  two  to  eight  inches  in  diameter. 

They  are  used  with  emery,  putty -powder,  rotten - 
stone,  crocus,  rouge,  etc.,  and  other  Kinds  of  polish- 
ing-powder,  with  oil  or  dry.  They  are  es|>ecially 
useful  in  chased,  indented,  carved,  and  open 
work. 


Fig.  949. 


Bnuh'Wheti. 


The  brushes  are  generally  of  bristles,  but  some- 
times of  wire. 

Bms'sals  Car'pet  A  carpet  having  a  heavy 
linen  web,  inclosed  in  worstea  yarns  of  different 
colors,  raised  into  loops  to  form  the  pattern.  The 
ordinary  Brussels  carpet  has  an  uncut  pile.  In  the 
iviperial  Brussels  the  figure  is  rais^  above  the 
ground  and  its  pile  is  cut,  but  the  ground  is  uncut. 

In  the  illustration  the  small  dots  represent  tJie 
ends  of  the  linen  weft-threads ;  the  douole  waving 
lines  the  linen  warp-threads  ;  the  five  lines  incloeed 

Fig.  960 


BnuaeU  Carpet 

between  the  linen  warp  and  weft  represent  the 
worsted  yam  which  is  pulled  u]K>n  to  form  loops 
over  the  wires,  which  are  represented  in  the  figure 
by  the  lai'ger  dots,  and  are  subsequentlv  withdrawn. 
The  pattern  is  formed  by  bringing  to  the  surface,  at 
any  particular  spot,  such  one  of  the  colored  yams 
as  is  required,  and  they  are  fomied  into  loops  by 
being  turned  over  wires.  As  the  yams  are  taken 
up  very  unequally,  they  are  not  wound  upon  a  vam- 
beam,  but  are  separately  wound  uiton  bobbins 
arranged  on  frames  at  the  oack  of  the  loom,  a  small 
leaden  weight  being  attached  to  each  bobbin  to  give 
it  the  required  tension. 

In  the  BruMets-carpet  loom  there  are  as  many 
frames  as  there  are  colors,  and  the  number  of  bob- 
bin.s  is  regulated  by  the  width  of  the  carpet.  With 
j-yard-wide  «'ar|>tU  there  are  260  bobbins  to  a  frame. 


Bmswl*- Carpet  Loom. 

but  when  the  carpet  is  one  yard  wide,  each  frame  will 
have  844  bobbins.  The  warp-yarn  from  each  bobbin 
is  termed  an  end  ;  this  may  consist  of  one,  two,  or 
thiee  threads,  according  to  the  quality  of  the  carpet. 
The  tnd»  are  carried  through  small  brass  eyes,  called 
mails^  attached  to  fine  cords,  one  eye  and  one  end 
for  each  cord.  Each  cord  is  passed  over  a  pulley 
fixed  above  the  loom,  and  is  fastened  to  a  stick. 
For  a  I  carpet  there  are  1,300  "knuiiUy  cords,  and  pul- 
leys to  each  loom.  Tliose  cords  which  vrill  raiae  to 
the  surface  a  certain  set  of  vams  required  for  one 
row  in  the  pattern  are  boun(f  together  into  a  lask. 
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One  lash  is  necessary  for  every  set  or  row  of  colors 
that  has  to  be  drawn  to  the  surface,  and  the  lashes 
are  taken  in  regular  succession  till  the  pattern  is 
complete. 

The  number  of  lashes  reauircd  will  depend  upon 
the  number  of  weft-threads  which  occur  in  the 
regular  recurrence  of  a  complete  pattern.  If  the 
pattern  be  a  yard  long,  it  may  require  as  many  as 
320  lashes.  The  lashes  are  pulled  by  a  boy  who  is 
called  the  drawer,  in  the  manner  of  the  Draw- 
loom  (which  see).  Like  the  latter,  the  arrange- 
ment described  has  been  superseded  to  some  extent 
by  the  jaequard  attachment. 

In  operation,  the  first  lash  bein^  pulled  raises 
one  fiftn  of  the  yams,  their  colors  being  such  as  00 
to  form  the  commencement  of  the  pattern.  A  light 
wooden  board  termed  a  tnoord  is  set  up  on  edge  be- 
neath the  raised  en<is.  The  lash  is  let  go  ;  a  round 
wire  is  inserted  in  the  bosoj/i,  or  opening  formed  by 
the  sword,  which  is  then  withdrawn.  The  weaver 
then  depresses  a  treadle  which  works  the  heddUs 
and  crosses  the  linen  warps,  and  depresses  all  the 
worsted  ends  except  those  looped  over  the  wire. 
The  shuttle  with  a  linen  weft  is  then  thrown  ;  the 
other  treadle  is  depressed,  which  crosses  the  warps, 
again  locking  the  linen  weft  and  raising  the  worsted 
ends.  Having  thrown  another  linen  weft-thread, 
and  driven  all  home  against  the  web  by  the  batten, 
he  repeats  the  process,  the  drawer  pulling  on  the 
second  lash  and  so  on.  When  a  number  of  wires 
are  thus  employed,  the  ones  farthest  from  the  batten 
may  be  withdrawn  and  used  over  again.  Sixty 
wires  form  a  set. 

In  making  JViUon  or  pUe  carpet  the  wires  are 
flattened  and  have  a  groove  on  top,  acting  as  a 
director  for  the  knife  which  cnts  the  row  of  loops 
and  releases  the  wire. 

The  quality  of  Brussels  and  Wilton  carpets  is 
estimated  by  the  number  of  wires  to  the  inch.  The 
usual  number  for  Brusselsis  nine,  and  for  Wilton  ten. 
In  either  fabric  great  care  is  requisite  in  beating  up 
evenly,  or  the  pattern  would  not  match  when  the 
breadtns  were  joined  together  at  the  sides.  A  bell 
rings  when  64,  30,  or  90  kishes  have  been  woven, 
and  then  the  weaver  tests  by  a  measure  whether  the 
required  number  of  lashers  measures  J  of  a  yard.  If 
too  short,  he  repeats  the  last  lash ;  if  too  long,  he 
omits  it. 

As  the  five  ends  run  throughout  the  yam  while 
onlv  one  of  the  five  is  taken  up  on  an  average  at  each 
lash,- it  has  been  attempted  to  dye  the  yam  in 
places  so  as  to  make  one  set  of  eiids  fill  the  various 
colors  of  the  pattem.     See  Printed  Carpet. 

BniB'selfl  Xiace.  Brussels  point  has  the  network 
made  by  the  pillow  and  bobbins. 

Brussels  ground  has  a  hexagonal  mesh,  formed  by 
plaiting  and  twisting  four  flaxen  threads  to  a 
perpendicular  line  of  mesh. 

Brussels  wire-groutid  is  of  silk.  The  meshes  are 
partly  straight  and  partly  arched. 

The  pattern  in  each  case  is  worked  on  with  a  needle 
after  the  mesh  is  completed. 

Bub.  A  substitute  for  yeast,  employed  by  the 
distiller.  Prepared  by  mixing  meal  or  flour  with  a 
little  yeast  in  a  quantity  of  warm  wort  and  water. 

Bubble.    The  glass  spirit-tube  of  a  level. 

One  of  the  small  hollow  beads,  or  floating  globes, 
for  testing  the  strength  of  spirits  by  the  rate  at 
which  they  rise  in  the  liquor.  Now  superseded  by 
the  alcoholmfiter. 

Bub'ble-tri'er.  An  instrament  for  testing  the 
delicacy  and  accuracy  of  the  tubes  for  holding  the 
spirit  in  leveling-instroments. 

The  tube  is  charged  with  spirit  all  but  a  bubble 


of  air,  and  is  tried  on  its  different  sides  to  ascertain 
on  which  side  the  bubble  moves  most  regularly. 
The  stage  of  the  bubble-trier  has  a  micrometer  screw 
for  its  ac^ustment. 

Bu-oen'taur.  {Vessel.)  The  state  bai^  of 
Venice. 

Buck.  {Masonry.)  1.  To  break  ore  into  frag- 
ments  with  a  hammer,  crusher,  or  grinder.  This  is 
subsequent  to  the  operations  of  spauing,  cobbing,  and 
sortiTig. 

2.  A  frame  of  two  crotches  to  hold  a  stick  while 
being  cross-cut;     See  Buck -saw. 

Bnok-board.  {Vehicle.)  A  plank  bolted  to 
the  hind  axle  and  to  a  bolster  on  the  fore  axle, 
being  a  cheap  substitute  for  a  bed,  coupling,  and 
springs. 

Bnok'et.  1.  A  vessel  of  wood,  leather,  metal, 
or  other  suitable  material,  provided  with  a  handle, 
and  adapted  for  containing  liquids  or  solid  materials, 
as  in  carrying  or  hoisting. 

The  ordinary  wooden  bucket  is  of  pine  or  cedar, 
and  holds  2^  gallons. 

The  bucket  for  hoisting  is  metal-bound,  and  some- 
times is  equal  in  capacity  to  a  cask  of  100  gallons. 
A  corf. 

In  mining,  square  boxes  with  falling  bottoms  are 
known  as  dumping-huckets.  When  having  sides 
wliich  open  when  a  latch  is  withdrawn,  they  are 
tilting-himkets. 

On  shipboard,  buckets  kept  for  emergencies  in  case 
of  fire,  etc.,  are  frequently  of  tarred  or  waxed  can- 
vas or  of  leather.  "Watenng-buckets  for  horses  are, 
in  the  United  States  military  service,  made  of  stout, 
untarred  canvas,  and  also  of  sole-leather,  strength- 
ened by  a  copper  rim  at  top  and  bottom  connected 
by  side  stripe. 

Previous  to  thfe  general  introduction  of  water-mains 
and  fire-plugs,  leathern  fii-e-buckets  were  in  common 
use.  The  spectators,  always  numerous  on  occa- 
sions of  fire,  were  formed  in  two  lines,  one  of  which 
passed  the  full  buckets  from  hand  to  hand,  for  sup- 
plying the  engine,  and  the  other  passed  the  empty 
ones  back  to  be  i-eplenished.  Some  of  these  relics  of 
the  past  may  yet  be  seen  in  old  warehouses,  etc 

2.  {Water-wheel.)  The  vane  or  float  of  a  water* 
wheel. 

The  shrouding  of  a  water-wheel  consists  of  annular 
plates  at  the  periphery,  which  form  the  sides  of  the 
buokft  ;  the  huvki^i-mds,  in  fact,  but  constituting  a 
part  of  the  aides  of  the  wheel. 

A  radial  bucket  is  one  which  has  the  bottom  in  a 
right  line,  continuous  with  the  i-adius  of  the  wheel. 

The  lower  piece  of  a  bucket  is  the  bottom  or  floor. 

ng.962. 


Water-Whefl  Bucket. 


Digitized  by 


Google 


BUCKET-ENGINE. 


396 


BUCKING. 


The  outer  piece  is  the  arm  or  tmrist.     The  junction 
of  the  bottom  and  arm  is  the  elbow. 

The  bucket-pUch  is  a  circuhur  line  passing  through 
the  elbows  of  the  series  of  buckets. 

In  the  illustration  (Fig.  952),  the  buckets  B  are 
each  shaped  of  a  single  piece  of  metal,  and  they  are 
fastened  consecutively  on  the  rim  A^  which  is  con- 
tinuous and  forms  the  inner  side  of  each  bucket. 

The  buckets  B  on  the  left-hand  side  of  the  wheel 
are  in  section,  and  show  the  shape  of  the  interior. 
8.  (Hydraulic  Eiigifieering.)  The  scoop  of  a  dredg- 
ing-machine,   usually  having  a 
Fig.  968.  hinged  bottom,  which  is  closed 

while  raising  mud,  etc.,  from  the 
bottom,  and  opened  to  de^xMit 
the  load.  That  illustrated  is  of 
semi-cylindrical  shape,  and  formed 
in  two  sections,  a  a'.  These  are 
separated  when  the  bucket  is  low- 
ered down  into  the  mud,  and 
drawn  together  by  the  toggle- 
levers  c  c  at  the  moment  of  rais- 


ing. 
4. 


A  cup  of  sheet-metal,  or 
Fig.  964 


Dredge*  Bucket. 


ElertUoT'Biteket. 


one  having  a  metallic  mouth,  forming  one  of  a  series 
fixed  to  the  endless  band  of  a  grain -elevator.  The 
grain  is  scooped  up  at  the  lowest  position  of  the 
bucket  and  discharged  on  passing  the  highest,  as  in 
a  chain  elevator-bucket  pump. 

5.  X^atUical.)  A  globe  of  hoops  covered  with 
canvas,  used  as  a  recaO-^gn&l  for  wliare-boats. 

Bnck'et-en'gine.    {Hydraulic  JSngineering. )  A 
machine  to  utilize  a  stream  of  water  which  has  consid- 
erable fall  and  but  moderate  quantity.     It  consists 
of  a  series  of  buckets  attached  to  an  endless  chain 
which  runs  over  sprocket-wheels,  from  one  or  both 
of  which  power  is  obtained.     The  water  flows  into 
each  bucket  after  passing  the  summit,  and  is  dis- 
charged as  each  bucket  reaches  the  lowest  part  of  its 
course. 
Bnck'-et-hook.  (Husbandry.)  A  device  for  hold- 
ing a  bucket  against  a  tree  while 
Fig.  966.  catching  sugar-maple  sap.    It  may 

1)6  driven  into  the  tree,  or  may 
have  a  pair  of  expansible  arms 
which  embrace  the  tree. 

Bnok'et-mak'ing  Ma-chine'. 
Several  machines  may  be  included 
under  this  general  title. 

A  lathe  whose  hollow  chuck 
'  holds  the  staves,  which  are  em- 
braced by  a  truss-hoop,  while  the 
inside  is  turned  out  and  the' rim 
Bucket- Hook.       turned  off  smoothly.     Being  tlien 
turned  end  about,  and  put  upon 
a  conico-frustal  chuck,  the  outside  is  tumea  smooth, 
the  lower  edge  turned  off,  and  the  croze  made. 

The  piece  to  form  the  bottom  is  fastened  to  a  face- 
plate, and  turned  off  smooth  and  circular,  the  edge 
neing  feathered  to  fit  the  croze. 

Another  form  of  bucket-machine  is  one  which  cuts 
up  a  conical  frustum  of  wood,  so  that  a  series  of  an- 
nular conical  pieces  are  cut  out  of  the  solid,  the  pieces 
forming  a  nest  of  bucket-sides  fitting  within  each 


other,  and  only  minus  the  wood  which  was  removed 
in  making  the  saw-kerf. 

The  block  is  placed  upon  a  table  whose  angle  with 
the  honzontal  is  such  as  to  make  vertical  that  side 
of  the  bucket-block  on  which  the  baud-saw  is  work- 
ing. 

Bnok'et-valve.  (Steam-engine.)  The  valve  on 
the  top  of  the  air-pump  bucket.  It  rises  as  the 
bucket  plunges  into  the  water  in  the  cistern  beneath, 
and  closes  as  the  said  bucket  rises  to  discharge  its 
load  through  the  delivery-valve. 

In  marine  engines  a  flat  metallic  plate  governs  the 
passage  between  the  air-pump  and  condenser. 

Bnok'et-wheeL  { Hydraulic  Engiiuering.)  A 
very  ancient  form  of  water-raising  device,  having  a 


Bucket- Wheei. 

wheel  over  which  passes  a  rope  having  pots  or 
buckets  which  dip  mto  the  water  of  the  well  and 
discharge  at  the  surface. 

In  another  form  the  pots  are  attached  to  the 
wheel  and  dip  the  water  of  a  river,  which  they  dis- 
charge into  an  elevated  trough.     See  Noria. 

The  illustration 
shows  a  wheel  as  used  ^^8-  967. 

in  Syria,  India,  Egypt, 
etc.,  but  made  in  mod- 
em style  by  the 
Giours.  The  buckets 
are  made  of  galvanized 
iron,  and  an  ass  walk- 
ing H  miles  an  hour 
—  Syrian  gait  —  will 
raise  8,120  gallons  per 
hour  from  a  depth  of 
20  feet. 

In  one  form  of  water- 
elevator  the  buckets 
are  small,  and  consti- 
tute links  in  a  chain  ; 
the  more  common  fonii 
is  disks  or  buttons  on 
a  chain  rising  through 
a  tube  and  thus  carry- 
ing up  the  water. 

The  bucket- wheel  is 
used  in  grain-elevators. 
See  Bucket.  Also  in 
Carburetors.  Bucket- Wherl. 

Buok'ing.   1.  (Cot- 
ton-mamifacture.)    Soaking  cloth  in  lye,  as  a  part 
of  the  process  of  bleaching,  alternating  with  crofting. 
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or  exposing  on  the  grass  to  air  and  light.    See 

BUCKING-KIER. 

2.  {Mining.)  Breaking  up  the  ore  by  hammers. 
The  tool  is  called  the  btuking-iron^  and  the  bench  is 
the  hueking-plaU. 

Bnok'ing-i'ron.  {Mining,)  The  miner's  ham- 
mer, used  in  breaking  up  masses  of  ore. 

Bnok'ing-keir.  {CoUon-Tnanufacture.)  Linen 
or  cotton  cloth  is  cleansed  of  the  dirt  and  jrrease 
contracted  in  spinning  and  weaving,  by  boilingit 
with  lime  in  a  pan  which  is  heated  below.     The 

Flg.d68 


Bucking-Keir. 

goods  rest  on  a  false  bottom,  and  tlie  pressure  of  the 
steam  evolved  raises  the  water  in  the  central  column 
and  ejects  it  from  the  edge  of  the  circular  cap  in  a 
stream  upon  the  upper  surface  of  the  ffoods,  through 
which  it  filters,  to  be  again  discharaed  as  before. 

Bnok'ing-plate.  (Mining,)  The  miner's  table 
on  which  ore  is  broken. 

Bnokia  1.  {Saddlery,  etc.)  A  device  with  a 
frame  and  tongue  for  securing  straps,  etc. 

Buckles  of  brass,  havins  circular  rims  and  a  tongue, 
are  found  in  the  British  barrows  or  tumuli. 

The  annexed  fi^re  represents  Roman  bronze  buck- 
les now  in  the  Bntish  Museum.     They  were  worn  by 

Fig.  959. 


Roman  BuekUa  (Bronze). 

women  and  men,  to  fasten  their  scarfs,  shawls, 
cloaks,  belts,  etc.  We  read -of  them  in  Homer, 
Euripides,  Herodotus,  and  elsewhere.     See  Brooch. 

Shoe-buckles  were  introduced  into  England  dur- 
ing the  reign  of  Charles  II.  (1670).  These,  as  well 
as  knee-buckles,  were  generally  made  of  silver,  — 
sometimes  of  gold,  —  a<lomed  with  precious  stones, 
but  are  now  disused,  except  as  ceremonial  or  uniform 
dresses  in  some  parts  of  Europe. 

The  principal  use  of  buckles  is  for  fastening  the 
different  straps  of  harness  and  horse  equipment,  for 
which  purpose  immense  numbers  are  maoe,  forming 
a  considerable  branch  of  trade,  of  which  Birminghatn 
is  the  metropolis. 


Much  the  greater  part  of  harness-buckles  are  either 
japanned  or  plated,  the  former  being  used  for  wagon, 
ca!rt,  and  the  commoner  kinds  of  hame^  generaUy  ; 
and  the  latter  for  carriage-harness. 

The  platinff  material  is  usually  brass,  thongh 
many  sitver-pUited  buckles  are  manufactured. 

Buckles  are  also  made  of  briglit  malleable  iron, 
and  of  blued  iron  ;  the  latter  are  the  kind  employed 
in  horse  equipments  for  the  cavalry  in  the  United 
States  Service. 

Buckles  are  divided  into  bar-buckles  and  roller- 
buckles,  the  only  difference  being  that  the  latter 
have  a  thin  metallic  tube  around  the  bar  opposite 
the  tongue,  which,  by  its  revolution,  facilitates  the 
passage  of  the  strep. 

a  (Fig.  960)  has  a  wire  passed  through  the  ends 
of  the  loop  and  bent  ends  to  form  tongues,  h  has  a 
bent  wire  embracing  the  waist  of  the  loop,  c,  the 
recurved  ends  of  the  loop  form  the  tongue,  d  has  a 
tongue  and  pressure-bar  on  one  crossbar,  e  is  a  tug- 
Fig.  960. 


^1 


Bmddts. 

buckle.  /  is  a  buckle  in  which  the  strap  is  pinched 
between  a  pivoted  bar  and  the  lip  of  the  frame.  In 
g  the  strap  is  pinched  between  the  two  parts  of  the 
frame,  which  are  pivoted  together,  h  bias  a  number 
of  projections,  which  fit  corresponding  holes  in  the 
strap,  i  is  a  skate-strap  buckle,  in  which  the  tongue 
can  DC  loosened  from  the  strap  by  lifting  the  rear 
end  of  the  buckle,  it  is  a  tuff-buckle,  in  which  the 
tongue  is  vibrated  by  means  of  a  cam.  I  has  a  pair  of 
metallic  jaws  and  a  tongue  extending  across  them. 
m  has  a  pair  of  serrated-faced  blocks  which  are 
pinched  together  by  the  strain  on  the  strap. 

2.  A  permanent  distortion  or  kink  in  a  saw-blade, 
or  a  bulge  which  mare  the  flatness  of  a  sheet-metal 
plate. 

8.  (Saw.)  The  iron  loop  by  which  a  mill-saw  is 
attached  to  the  straining-frame  or  aash, 

Bnck'le-ohape.   (Saddlery.)  The  part  by  which  . 
the  buckle  is  secured  to  the  band. 

Bnokled  Plates.  (Building.)  A  form  of  iron 
plates  for  flooring,  having  a  slight  convexity  in  the 
middle  and  a  flat  rim  round  the  edge,  called  the 
fillet.  They  are  usually  square  or  oblong,  and  are 
laid  upon  iron  beams  or  girders,  convexity  up- 
ward. 

Buckler.  (Nodical.)  a.  A  block  of  wood  made 
to  fit  in  the  hawse-hole,  or  hole  in  the  half-ports, 
when  at  sea. 

6.  The  lower  half  of  a  divided  port  lid  or  shutter. 

Baok'ram.  (Fabric.)  A  coarse  fabric  of  linen 
or  hemp,  stiffened  with  fflue,  and  placed  in  coats 
and  other  garments  to  hold  them  in  shape. 

This  was  not  the  material  worn  by  Falstaff's  "two 
rogues  in  buckram  suits."    See  Barracan. 
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Fig.  961  Bnok-saw.  Aframe- 

saw  with  one  extended 
bar  to  fonn  a  handle,  and 
adapted  to  a  nearly  ver- 
tical motion,  in  croes- 
cutting  wood  held  by  a 
saw-buck. 

Buck'shot  A  kind 
of  leaden  shot,  lai^r 
than  swan-shot,  used  in 
hunting  large  game,  and 
formerly  for  the  military 
service.  Those  formerly 
employed  for  making 
musket-cartridges  weigh 
about  160  or  170  to  the 
pound.  15  (sometimes 
12),  or  a  caliber  .69  ball 
and  3  buckshot,  were  put 
up  in  a  cartridge. 

They  are  usually  made 
by  molding  or  compres- 
sion. 
«...    .«.!.<,  Buok'skin.    A  spe- 

Buck  and  Buck-Sttw.  ^ies  of  soft  leather,  usu- 
ally of  yellow  or  grayish  hue,  originallv  (as  its  name 
imports)  prepai-ed  by  treating  deer -skins  in  a  pe- 
culiar way  ;  it  is  now,  however,  mostly  prepared 
from  sheepskins.  There  are  two  processes  for  dress- 
ing skins  to  give  the  soft  character  which  is  admired 
in  buckskin  ;  one  is  by  oil,  and  the  other  by  brains. 
The  latter  more  nearly  resembles  the  Indian  mode, 
and  both  of  them  require  a  great  deal  of  manipula- 
tion. As  to  the  former,  the  skins  are  limed,  tiien 
worked  out  on  the  beam ;  then  they  are  milled,  straits- 
oil  being  mostly  used,  in  the  proportion  of  seven  to 
fifteen  gallons  to  100  skins,  acconling  to  size.  The 
surplus  oil  runs  through  the  mill  into  tubs  of  water 
below,  whence  the  oil  and  water  are  pumped  into  a 
tank  in  which  a  certain  amount  of  oil  of  vitriol  is 
placed  ;  this  causes  the  oil  to  rise  to  the  top,  whence 
It  runs  off  into  barrels,  and  is  known  as  sod-oil,  be- 
in^  used  for  stuffing  and  dressing  calfskins.  The 
skins  are  then  worked  over  the  beam  again,  this 
operation  being  known  as  "scudding."  The  skins 
are  next  dried  ;  then  they  are  put  into  a  lye  consist- 
ing of  from  fifteen  to  forty  pounds  of  soda-ash  for 
100  skins ;  this  takes  out  the  animal  oil,  which 
rises  to  the  top  and  is  skimmed  off  for  sod -oil. 
They  are  sooumi  and  dried  repeatedly,  and  then 
undeigo  the  operation  of  staking  ;  the  last  operation 
is  the  finishing,  which  is  done  first  on  a  pumice-wheel 
and  tlien  on  an  emery-wheel.  The  skins  are  then 
ready  to  go  to  the  cutting-shop. 

By  the  other  plan,  the  skins  are  ^ained^  brained^ 
and  smoked.  Tne  skin  is  soaked  till  soft,  the  hair 
aQd  cuticle  curried  off,  beamed,  stretched,  and 
broken  in  drying.  It  is  then  soaked  in  brains  dis- 
solved in  warm  water,  which  makes  the  skin  thick 
and  spongy.  It  is  carefully  stretched  and  worked, 
and  is  tested  by  gathering  into  a  sack-form  and  in- 
flating, when  pressure  will  drive  off  the  contained 
water  in  a  spray.  It  is  now  wrung,  stretched, 
rubbed,  and  hung  in  a  smoke.  A  slight  tanning  in 
willow-bark  ooze  sometimes  follows. 

Bnok-wag'on.  {Vehicle.)  A  rude  wagon  formed 
of  a  single  board  resting  on  the  axletrees,  and  form- 
iiig  hy  its  elasticity  a  spring  seat  for  the  driver. 

Bnok'wheat  Hull'er.  A  form  of  mill,  or  an 
ordinarv  grinding-mill  with  a  particular  dress  and 
set  of  tne  stones,  adapted  to  remove  the  hull  from 
the  grains  of  buckwheat,  preparatory  to  grinding 
the  farinaceous  iK>rtion  into  flour. 
Bad'ding-knife.    (Agriculture.)    A  knife  with 


a  convex  blade  and  flattened  handle,  used  for  cat- 
tine  the  scion,  making  the  incision,  and  inserting 
buck  beneath  the  bark  of  fruit-trees.  A  spear- 
shaped  slip  of  ivory  at  the  hilt  is  used  for  loosening 
the  bark  from  the  wood. 

Bnd'dle.  {Mining.)  An  oblong  inclined  vat 
in  which  stamped  ore  is  exposed  to  the  action  of 
running  water,  in  order  that  the  lighter  portions  may 
be  washed  away  while  the  heavier  are  retained. 
Several  different  descriptions  of  apparatus  are  odled 
by  this  name  as  generic. 

The  trunk'huMle,  or  Oemum  chest.    See  Trunk. 

The  stirring-budcUe,  consisting  of  a  trough  and 
settling-tank. 

The  nicking-buddle  or  sleeping-table,  buddle-hoU 
or  sluice-pit. 

Buddies  of  difierent  construction  are  known  as 
flat,  round,  hand,  rotdting,  concave.  Many  of  the 
contrivances  for  gold-washing,    used  in  California 


Fig.  962. 


and  known  by  technical  names,  may  be  called 
buddies.  The  rockers,  long-toms,  and  sluiees  act  in 
this  manner.  The  buddle  represented  is  used  in 
Cornwall,  England. 

The  ore  is  spread  over  an  inclined  board,  and  a 
divided  stream  of  water  directed  upon  it,  so  as  to 
gradually  carry  it  down  to  a  lower  level,  where  the 
inclination  is  not  so  great.  The  quantity  of  water 
is  regulated  by  the  roughness  of  the  ore,  and  may 
be  at  the  maximum  as  much  as  would  run  through 
a  circular  aperture  1)  inches  in  diameter,  down  to 
an  amount  eqnal  to  one  tenth  of  that  quanti^. 
The  richer  and  heavier  ores  subside  first,  and  the 
lighter  portions  are  carried  farther  on.  The  con- 
tents of  the  buddle  are  then  separated  into  three  or 
four  qualities,  according  to  their  proximity  to  the 
head  of  the  buddle. 

The  various  lots  are  again  buddled,  or  tozed,  or 
subjected  to  the  action  of  the  hetve  or  jigging  ma- 
chine. 

Bnd'dling.  {Mining.)  Separating  the  ore  from 
the  refuse  in  an  mclin^  trough  or  cistern  through 
which  water  flows.    See  Buddle. 

Bnde-light.  Invented  by  Mr.  Gumey  of  Bude, 
Cornwall,  England. 

It  consists  of  an  oil  or  gas  burner,  supplied  with 
a  jet  of  oxygen  gas,  by  which  the  brilliancy  of  the 
flame  is  increased. 

In  the  Aigand  form  of  burner  the  oxygen  gas  is 
supplied  up  the  central  tube. 

Budge-bar'reL  {Ordnance.)  A  small  copper- 
bound  barrel  having  only  one  head,  its  month 
being  closed  by  a  leathern  bag  with  a  cap  and  draw- 
string. It  is  used  for  supplying  the  guns  of  forts 
and  siege-batteries  with  cartridges  from  the  maga- 
zine. 

Bnd'ge-ro.  {Boat.)  A  large  pleasure-boat  used 
on  the  Ganges. 

Bnd'get  ( Tiling.)  A  pocket  used  by  tilen  iat 
holding  the  nails  in  lathing  for  tiling. 

3ufL    A  polishing  leather. 

A  slip,  lap,  or  wheel  covered  with  leather  and 
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used  for  polishing.  So  called,  as  the  kind  of  leather 
used  was  buifalo,  was  dressed  with  oil  or  brains, 
and .  had  a  soft  and  fuzzy  surface.  See  Buff- 
Lkathek. 

Bnrai-la  {CoUon-manu/aciure.)  A  hamper  of 
buifalo-leather  used  in  a  factory  to  convey  bobbius 
from  the  throstle. 

Buffer.  An  elastic  device  or  fender  for  deaden- 
ing the  shock  caused  by  the  impingement  of  one 
object  acainst  anot!her. 

A  fender  or  resilient  pad  or  block,  placed  on  the 
end  of  a  sill-piece  of  a  car-bed  to  moderate  the  con- 
cussion of  colliding  cars.  According  to  the  con- 
struction and  application,  it  assumes  a  specific 
name  ;  and  the  parts  involved  are  also  distinguished 
with  this  word  as  an  affix,  e.  g.,  — 

The  buffer  bar  or  btam  is  attached  to  the  frame- 
work of  the  car,  and  carries  the  buffer-box,  in  which 
is  the  bvffer-rody  on  whose  end  is  the  buffer-disk; 
the  latter  receives  the  impact,  which  is  resisted  by 
the  buffer-spring,  inclosed  in  the  box. 

The  buffers  in  use  on 
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English  Car-B^trt. 


English  railways  consist 
of  disks  of  metal  or  wood 
which  project  from  the 
ends  of  the  carriages,  and 
are  commonly  covered 
with  cushions  of  leather. 
The  disks  are  attached  to 
iron  rods  placed  under- 
neath the  frame  of  the 
carriage,  and  as  they  are 
pressed  inward  by  the 
contact  of  the  adjoining 
carriage,  act  against  the 
ends  of  elliptic  springs, 
which  lessen  the  jar  re- 
,  suiting  from  the  contact. 
The  Him  of  the  English 
mode  of  coupling  is  to 
bring  the  whole  train  to 
the  condition  of  an  object 
whose  unyielding  sections 
have  a  cartilaginous  ar- 
ticulation, which  permits 
a  certain  degree  of  flex- 
ure, extension,  and  com- 
pression at  the  joipts. 

Another  form  is  a  short 
spiral  spring  covered  with 


leather  and  bavins  a  disk  at  the  end,  placed  at  the 
end  of  each  of  the  main  side-timbers  of  the  car- 
frame. 

A  third  form  has  a  central  buffer  with  a  shaft 
acting  'upon  a  spiral  spring  beneath  the  carriage- 
body. 

In  the  example,  the  buffer-disks  E  E  foeon  rods 

Hg.964 


having  shouldera  which  impinge  upon  coiled  plate- 
springs  C,  Beneath  the  car-beds  are  seen  the 
springs  of  the  car-coupling. 


.  In  a  fourth,  the  shaft  acts  upon  a  piston  in  an  air- 
cylinder,  the  spring  being  pneumatic. 
There  are  various  modifications. 
The  buffers  sometimes  take  the  form  of  elastic 
cushions  of  leather,  stuffed  with  horse-hair ;  or  of 
disks  or  blocks  of  vulcanized  rubber. 

Buffer-spring.  That  which  gives  resiliency  to 
the  buffer,  and  enables  it  to  moderate  the*  jar  inci- 
dent to  the  contact  of  two  ears. 

The  buffer  and  draw  spring  is  effective  both  as  to 
colliding  contact  and  also  as  to  the  drawing  apart 
in  starting  or  increasing  speed. 

Buffing  and  PoriBn-ing  Ma-ohine'.  One 
having  a  wheel  covered  with  what  is  technically 
known  as  buff-leather,  though  not  usuallv  made  of 
buffalo-hide.  The  leather  holds  the  polishing  mate- 
rial, crocus,  rouge,  or  what  not.  Buffing  has  come 
to  mean  polishing,  from  the  derived  name  of  the  ma- 
terial which  is  UBsd  in  applying  the  polishing  mate- 
rial. 

Buff-leather.  A  strong  oil-leather  prepared  from 
the  hide  of  the  buffalo,  elk,  or  ox.  It  is  so  named 
from  the  buffe,  or  wild  bull,  of  Poland  and  Hungary. 
Formerly  it  was  laigelv  used  for  armor.  It  was  said 
to  be  pistol-shot  proof,  and  capable  of  turning  the 
edge  or  a  sword.  It  was  tanned  soft  and  white.  Its 
place  is  now  filled  by  the  leather  of  cow-skins  for  a 
common,  and  of  the  American  buffalo  {bison)  for  a 
superior,  article. 

it  is  yet  much  used  in  the  saber,  knapsack,  and 
cartridge-box  belts  of  European  armies. 

The  buffers  and  buff-wheels  of  the  cutler,  lapidary, 
and  polisher  were  originally  covered  with  the  said 
buff-leather,  and  some  are  yet 

A  thick,  tough,  felted  material  of  which  belts  were 
made  was  formerly  commonly  known  in  the  military 
service  as  buff,  probably  from  its  yellow  color  when 
not  pipe-clayed  ;  and  armorers'  buff-sticks,  etc.,  are 
generally  covered  with  pieces  from  old  belts.  It  was 
an  excellent  material  for  this  purpose. 

Bnff-stiok.  {Polishitig.)  A  strip  of  wood  cov- 
ered with  buff-leather  charged  with  polishing-pow- 
der. 

Buff-wheel.  {Polishing.)  A  wheel  of  wood  or 
of  other  material,  covered  with  leather,  and  used  in 
polishing  metals,  glass,  etc.  The  surface  is  plied 
with  material  of  coarse  or  fine  quality,  according  to 
the  character  and  condition  of  the  work,  one  buff- 
wheel  always  having  its  own  grade  of  polishing-pow- 
der,  be  it  emery,  rotten-stone,  tripoli,  crocus,  rottge, 
puUy-pmcder,  etc. 

Bug'ga-lo'w.  {Vessel)  An  East  India  coasting- 
vessel  with  one  mast  and  a  lateen  sail. 

The  biiggarah  is  an  Arab  vessel  of  the  Fenian 

Gulf.    The  bii^is,  a  prahu  or  boat  trading  between 

Singapore  and  the  islands  of  the  Indian  Archipelago. 

Tne  bujrah  is  a  flat-bottomed  Ganges  bcmt  wit^ 

cabins. 

Bng'gy.  (Fe- 
hicle,)  A  light 
four-wheeled  ve- 
hicle, having  a 
single  seat.  The 
top,  when  it  has 
one,  is  of  the  ca- 
lash kind.  In 
this  case  it  is  com* 
monly  known  as 
a  to^-buggy. 

Bng'g^-boat. 
One    having    a 
provision  for  the  attachment  of  wheels,  so  as  to  be 
converted  into  a  land  vehicle. 

It  was  invented  and  used   by  Sir  Samuel  Ben- 
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tham,  in  Russia,  1781,  and  was  patented  by  him. 
He  afterwards  extended  the  idea  to  baggage- wag- 
ons. A  flexible  boat  of  connected  sections  was 
also  used  by  him  to  convey  the  £mpress  Catharine 
down  the  Dneiper,  and  was  called  by  him  the 
**  Vermicular."  The  idea  has  been  lately  revived  on 
the  Thames,  the  boat  being  called  the  "Connector." 
Beutham*s  boat  had  six  sections,  drew  six  inches  of 
water  when  loaded,  and  was  rowed  by  124  oarsmen. 
No  space  of  more  than  an  inch  was  to  be  found 
between  Uie  sections  during  flexion  of  the  worm- 
like  vessel.  The  vessel  was  fitted  up  with  cabins 
and  many  conveniences. 

Bug'gy-oul'ti-va'tor.  (Agriculture.)  One  hav- 
ing wheels  and  a  seat  so  that  the  person  may  ride. 
8ee  Cultivator. 

Bug'gy-plO'W.    One     having    usually    several 

})lows  attached  to  a  single  frame,  and  having  a  seat 
or  the  plowman,  who  ndes  and  drives.     See  Gano- 

PLOW. 

Btig'gy-top.  (Vehicle.)  The  calash  top  of  the 
single-seated  vehicle  known  as  a  bug^.  In  many 
of  these  carriages  it  is  now  made  shimng,  so  that  it 
may  be  entirely  detached  from  the  frame  of  the  seat 
and  constitute  the  vehicle  an  open  buffgy.  In  other 
forms  the  top  rail  only  of  the  seat  is  wuting. 

Bn'gle.  1.  (Muaic.)  A  brass  wind-instrument 
of  the  trumpet  kind. 

2.  A  long,  slender  glass  bead ;  sometimes  ar- 
ranged in  ornamental  forms  and  attached  to  various 
articles  of  ladies'  wearing-apparel.  Wampum^ 
which  formerly  served  as  a  circulating  medium 
among  the  North  American  Indians,  was  composed 
of  beads  of  this  kind  made  fi'om  the  interior  parts  of 
clam-shells,  by  rubbing  pieces  of  the  shell  into 
the  required  shape  upon  a  hard  stone,  drilling  a 
longitudinal  hole,  and  polishing  by  friction.  Those 
formed  from  the  bluish-black  portions  of  the  shell 
were  twice  the  value  of  the  white  ones. 

The  ancient  Egyptians  made  many  kinds  of  beads. 
Ladies  are  represented  stringing  them  ;  a  puree  has 
been  found  knitted  with  small  glass  bugles. 

BnliL  The  name  is  derived  from  Andre  Buhl,  an 
Italian  who  was  celebrated  in  France,  in  the  reign 
of  Louis  XIV.,  for  making  artistic  work  in  dark- 
colored  tortoise-shell  or  wood,  inlaid  with  brass  and 
ornamented  with  the  graver. 

The  term  is  now  more  general,  and  includes  work 
in  contrasted  materials,  inlaid  with  the  saw. 

Reisner  preferred  wood,  and  his  productions  were 
known  as  Jieisner-tpork, 

Veneera  or  thin  plates  of  the  substances  are  glued 
to  the  opposite  sides  of  a  sheet  of  paper ;  another 
sheet  is  pasted  on  one  outside  surface,  and  on  this 
the  design,  is  traced.  A  line  frame-saw  called  a 
bithlsaw  is  made  to  follow  the  tracing,  cutting 
through  both  thicknesses.     The  two  layers  are  then 


Fig.  966. 


separated,  and  two  pieces 
of  buhl-work  are  pro- 
duced, as  one  of  each 
will  form  an  inlay  to 
one  of  the  other. 

BuhlHMiiKr.  This  saw 
resembles  a  frame  or  bow 
saw  in  that  the  thin 
blade  is  strained  in  a 
frame.  In  the  Imhl- 
aaw  a  considerable  space 
is  left  between  the  blade 
and  the  back,  in  order 


Buhl-Sme. 


that  the  latter  may  avoid  the  angle  of  large 
works. 

Buhr.  A  coarse,  flinty,  cavernous  stone,  whose 
cellular  texture  makes  it  highly  suitable  for  mill- 
stones. 

France,  Sardinia,  and  Germany  yield  the  buhr- 
stone. 

The  separate  blocks  wliich  are  hooped  together  to 
form  a  buhr-stone  are  known  as  panes. 

The  French  buhre  are  from  a  quarry  near  Paris, 
where  the  stratum  is  about  three  millstones  thick. 
It  is  a  porous  silicious  stone  of  sreat  hardness. 

Buhr,  Me-tal'lio.  A  erinding-ulate  of  metal, 
made  as  a  substitute  for  me  real  iitAr-stone,  and 
used  for  some  coarse  work,  such  as  grinding  com  for 
stock. 

Build'er'B  Jack.  A  kind  of  scaflbld  which  is 
supported  on  a  window-sill  and  against  the  wall, 
and  extends  outwardly,  to  enable  a  workman  to 
stand  outside  while  repairing  or  painting. 


Fig.  966 
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'  Bnildlng-blook. 

Builder's  Jack.  (Shipbuilding.)    One  of 

the  temporary  structures 
resting  upon  the  slip,  and  supporting;  the  keel  of  a 
ship  while  building. 

They  consist  of  blocks  of  timber  so  arran^  as  to 
be  removable  by  knocking  out  the  key-pieces  or 
templets. 

uC,  caps. 

A  B,  angle-block,  shod  with  iron. 

T  T,  wedges  called  templets. 

O  Wi  groundway. 

K,  keel. 

Build'ing-mov'er.  A  heavy  truck  on  rollers  or 
wide  track -wheel,  used  in  moving  houses.  In  the 
example,  the  building  rests  on  a  cross  bolster,  which 

Fig.  968. 


Bmldxng-Mover 

is  supported  by  two  trucks  with  three  rollers  each- 
In  turning,  roUera  joumaled  beneath  the  bolster 
traverse  ways  upon  the  trucks. 

Bnild'inigHUip.  (Shipurrighting.)  A  yard  pre- 
pared for  shipbuilding.  See  Launch  ;  Hydraixic 
Slip;  Sup-dock. 

Bnilt-beanL  (Carpentry.)  A  compound  beam 
made  up  of  a  number  of  planks,  or  thin,  deep  beams, 
laid  parallel  and  secured  together. 

Bnilt-rib.  (Carpentry.)  An  arched  beam  made 
of  parallel  plank  laid  edgewise  and  bolted  together. 
See  Arched  Beam  ;  Rib. 

Built-up.  Said  of  masts  made  of  pieces  and 
hooped ;  and  of  cannon  having  an  inner  core  and 
outer  reinforcements. 

Buke-muslin.  (Fabric.)  A  plain,  clear  kind 
of  muslin,  woven  for  working  in  the  tamlx>nr  and 
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for  ladies' dresses.  (Simmonds.)  Generally  written 
^A:-miislin. 

Bulge,  Bilge,  or  Bouge.  1.  {Coopering.)  The 
swell  of  a  cask,  principally  in  the  middle. 

2.  (Shipbuilding.)  The  flat  portion  of  a  ship's 
bottom.     Sec  Bilge. 

BnlkOieacL  (Shipurrighting.)  A  ^rtition  in  a 
ship  which  divides  the  interior  space  into  compart- 
ments. In  wooden  vessels  they  are  made  of  timber, 
and  in  ships  of  war  are  so  arranged  as  to  be  easily 
removed  in  preparing  for  action,  etc.  In  iron  ves- 
sels they  are  formed  oy  plates  riveted  to  the  ribs  or 
frames,  both  on  the  sides  and  lx)ttom,  each  balkhead 
making  a  complete  transverse  section  of  the  vessel, 
and  the  whole  being  so  secured  as  to  prevent  water 
pasting  from  one  side  to  the  other.  Several  of  these, 
being  mtroduced,  divide  the  vessel  into  water-tight 
compartments. 

The  bulkheads  affording  the  greatest  protection 
are  those  placed  a  few  feet  respectively  from  the 
stem  and  stem ;  the  forward  one  checking  '  the 
water  that  would  enter  through  a  damaged  stem, 
and  the  after  one  averting  the  danger  of  any  acci- 
dent that  might  arise  to  the  stem -post  or  rudder- 
braces,  or  to  the  tube  of  the  shafts  of  screw-vessels. 
The  water  received  into  these  small  compartments 
would  very  slightly  impede  the  way  of  the  ship  by 
throwing  her  out  of  trim,  as  the  quantity  they 
would  contain  would  be  comparatively  t|iflinff.  The 
bulkheads  more  amidships  assist  in  strengthening 
the  vessel,  and  prevent  fire  spreading  beyond  the 
compartment  in  which  it  commenced.  In  case  of  a 
leak,  they  confine  the  water  to  that  compartment 
where  it  entered. 

"Water- tight  Jbulkheads  have  for  ages  been  in  use 
in  China,  but  have  only  been  generally  introduced 
into  this  country  since  iron  ships  have  been  used  ; 
they  are  now  generally  employed  in  iron  vessels, 
and  their  adoption  has  become  a  law  and  is  en- 
forced in  England,  under  the  regulations  of  their 
Board  of  Trade  ;  in  small  vessels  they  can  only  be 
used  transverselv,  but  in  larger  ones  they  may  be 
applied  longitudinally,  and  are  so  employed  in  the 
"  Great  Eastern,"  or  were  before  she  was  refitted  to 
adapt  her  for  the  great  work  of  laying  the  submarine 
cables  of  the  world. 

The*  ship  "Terror,"  Commander  Back,  fitted  with 
bulkheads  for  Arctic  service  in  1835,  came  home  with 
the  after  section  full  of  water. 

Bnll-dog.  (Fr.  torchis.)  (3feial- working.)  A  re- 
fractory material  used  as  a  lining  for  the  boshes  of 
puddling  or  smelting  furnaces.  It  is  a  decomposed 
protosilicate  of  iron. 

Bullen.    The  awn  or  chaff  from  flax  or  hemp. 

Bullen-naU.  An  upholsterer's  nail,  with  a  round 
head,  a  short  shank,  turned  and  lacquered. 

Ballet  (From  the  French  boiUctf  diminutive  of 
boule,  a  ball. )     A  small  projectile  for  fire-arms. 

The  use  of  round  bullets  dates  back  to  the  time 
when  gunpowder  was  first  used  in  ordnance.  Bullets 
are  now  usually  cylindrical,  with  conical  or  conoidal 
points. 

In  1418,  four  thousand  bullets  were  ordered  to 
be  made  of  stone  from  the  quarries  of  Maidstone, 
England.  These  were  probably  for  cannon,  as 
were  the  iron  ones  mentioned  in  Ryder's  **  Foedera," 
1550. 

The  tr^ectory  of  a  bullet  is  the  line  described  by 
its  center  on  its  passage  through  the  air.  It  w-ould 
be  a  parabolic  curve  in  a  vacuum,  but  the  resistance 
of  the  atmosphere  greatly  modifies  this  and  reduces 
the  range,  so  that  a  24-par.  cannon-ball,  fired  at  an 
angle  of  45**,  with  an  initial  velocity  of  1,400  feet 
per  second,  ranges  only  some  2,100  yards  instead  of 


more  than  20,000,  as  it  would  do  if  the  atmosphere 
offered  no  resistance. 

The  actual  velocity  of  the  smooth-bore  musket  round 
ball,  weighing  412  grains,  with  a  charge  of  110 
grains  powder,  at  the  time  of  leaving  the  gun,  has 
been  found  to  be  1,500  feet  per  second,  and  that  of 
the  elongated  ball,  cal.  .58  of  an  inch,  with  60 
gitiins  of  powder,  963  feet ;  but  though  the  latter 
has  so  much  less  velocit  j"  at  the  time  of  leaving  the 
gun,  its  range  is  at  least  equal  and*  its  accuracy  far 
superior. 

The  greater  accuracy  of  the  rifle  is  due  to  the  fact 
that  the  rotary  motion  given  the  bullet  by  the 
spiral  grooves  of  the  gun  keeps  it  always  point  fore- 
most, and  that  the  bullet  is  caused  to  completely 
fill  the  bore  so  that  it  leaves  it  in  a  line  with  the 
axis  of  the  piece,  which  rarely  happens  in  a  smooth- 
bore gun,  owing  to  the  difference  in  diameter  between 
the  bullet  and  the  bore. 

The  rifle  was  inti-oduced  by  KoUer,  a  gunsmith 

Fig.  96D. 
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6{  NurembeiTg,  about  the  beginning  of  the  16th 
century,  and  the  increased  accuracy  given  by  this 
species  of  arm  was  soon  appreciated ;  and  from  the 
fact  of  a  troop  of  horse  known  as  Carabins  having 
been  armed  with  them,  the  weapon  itself  wa5  sub- 
sequently called  carbine. 

The  round  ball,  however,  still  held  its  place  until 
Yery  recently,  both  for  rifled  and  smooth-bore  guns  ; 
and  it  was  not  until  the  ware  of  the  French  in 
Algeria,  subsequent  to  1830,  that  experiments  on  an 
extended  scale  were  made  as  to  the  practicability  of 
using  that  fonn  of  projectile,  the  pointed  and  elon- 
gated, which  both  mathematics  and  common-sense 
showed  to  be  best  adapted  to  both  accuracy  and 
long  range. 
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AmoD^  the  first  of  the  improved  balls  was  the 
Brunsvdck  (a,  Fig.  969),  whicn  had  a  circumferen- 
tial belt,  and  was  adapted  for  a  two-grooved  rifle. 
bb\a  the  Delvigne,  adapted  for  a  sub-cidiber  powder- 
ch&mber,  and  resting  by  an  annular  shoulder  upon 
a  wooden  sabot.  It  had  a  patch  of  greased  serae. 
Minie  and  Thouvenin  introduced  an  elongated  bullet 
with  a  cylindrical  grooved  body  and  a  conical  point. 
This  had  a  greased  paper  paten,  and  was  expanded 
to  fill  the  grooves  by  being  driven  down  upon  a 
tige  in  the  breech  of  the  gun.  This  was  adopted  in 
the  French  service  in  1846.  Delvigne  subsequently 
patented  an  elongated  bullet  with  a  recessed  base 
which  he  called  the  tyliiidro-ogival. 

Minie,  in  1847,  produced  the  well-known  bul- 
let c,  in  which  the  twe  was  dispensed  with,  and  the 
bullet  expanded  by  the  explosive  force  of  the  powder 
in  the  cup,  which  wus  inserted  into  a  frusio-conical 
cavity  in  the  base  of  the  bullet.  The  English  sub- 
stituted a  conoidal  wooden  plug  in  their  Eufield-rifie 
bullet  d. 

In  1856,  after  a  series  of  experiments  by  the  Ord- 
nance Department,  an  elongated  bullet  e,  with  a 
cavity,  was  adopted  for  the  United  States  army.  The 
diameter  is  .57/  of  an  inch,  that  of  the  arm  for  which 
it  is  intended  beiu^  .58  of  an  inch.  Two  varieties 
were  made,  botli  being  precisely  similar  on  the  exte- 
rior, but  differing  in  Uie  size  of  the  cavity  ;  that  for 
the'riHe-musket  weighing  500  grains,  ana  the  other 
for  the  pistol-carbine  but  450  grains. 

//  is  the  bullet  of  Thirouse,  a  French  artillery 
officer.  It  is  composed  of  lead  backed  by  a  sabot  of 
wood  with  three  circular  erooves  near  its  base.  The 
Nesler  ball  g  was  intended  for  a  smooth-bore. 

Of  the  other  bullets  in  Fig.  969,  some  are  cele- 
brated on  account  of  the  in^nuity  or  success  of 
their  inventors,  others  as  havmg  been  adopted  by 
different  governments. 

h  is  the  American  conoidal  pointed  bullet. 

t,  the  Colt,  with  a  rabbet  lor  the  cartridge  cap- 
sule. 

/,  the  American  "picket,"  with  a  hemispherical 
base. 

k  k,  Haycock's.  Canadian  bullet,  with  a  conoidal 
point  and  a  conical  base. 

If  Maneeot's  bullet  vdth  a  conoidal  point,  hemi- 
spherical oase,  and  two  circular  grooves. 

m,  the  Prussian  needle-gun  bmlet. 

It,  Norton  elongated  percussion  rifle-shell,  fitted 
with  wooden  plug  (1830>. 

o,  Gardiner  s  explosive  shell-bullet,  cast  around  a 
thin  shell  of  copper  attached  to  a  mandrel,  which  is 
afterwards  withdrawn,  leaving  a  fuse-hole  in  the 
rear  through  which  the  chaige  is  exploded  in  about 
H  seconds. 

00  is  a  Spanish  bullet  containing  a  charge  of 
powder  and  a  fulminate. 

p  is  the  S¥riss  federal  bullet. 

p  p,  the  Swiss  Wurstembei^ger  bullet. 

q  and  q  are  views  of  the  Jacob's  bullet  and  shell.* 

r  and  r  are  views  of  the  Peter*s  ball,  having  an 
interior  tige;  one  view  shows  it  distended  and 
battered. 

8  itf  the  Belgian  bullet. 

t,  Pritchell's  bullet. 

u,  Mangeot's  bullet 

V  r,  Austrian  bullets. 

ic  Wf  Deane  and  Adams*8  bullets,  with  tails. 

Xf  E^lish  bullet,  vdth  wad. 

y,  Sardinian  bullet. 

a,  Beckwith's  bullet. 

a  a,  steel-pointed  bullet. 

6  6,  the  Charrin  bullet,  with  zinc  or  steel  point. 

c  Cf  e  Cj  Tamissier's  steel -pointed  bullet ;  one  view 


showing  it  intact,  and  the  other  after  oompressioB 
in  the  grooves  of  the  rifle. 

d  dy  the  Saxon  bullet. 

e  e,  the  Baden  modification  of  the  Minie,  with 
tinned  iron  cup. 

//,  Wilkinson's  bullet. 

a  g,  Whitworth's  hexagonal  bullet. 

A  A,  Lancaster's  bullet 

i  i,  Mefford's  sub-caliber  bullet,  with  spiral  grooyes 
on  the  shoulder  to  impart  rotation. 

jjf  McMurtry's  bullet,  with  spiral  grooves. 

k  k,  Williams's  bullet,  with  a  headed  tige  to  ex- 
pand a  rounding  disk  at  the  base. 

/  I,  Dibble's  bullet,  with  a  recess  for  the  powder. 

m  m,  Shaler's  triple  bullet,  the  pieces  of  which 
are  intended  to  diveise  after  leaving  the  muzzle. 

n  n,  Maduell's  buUet,  which  is  built  up  of  inter- 
locking portions,  which  part  as  they  leave  the 
capsule  and  muzzle. 

q  q,  Shocks's  perforated  bullet,  with  a  sabot  in  the 
rear. 

r  r,  Hope's  bullet,  with  a  bent  tail  to  direct  it  in 
a  curved  path. 

8  8,  Matteson's  bullet,  with  spiral  openings 
through  it. 

The  following  table  shows  the  number  of  spherical 
leaden  balls  in  a  pound,  from  1-|V  to  .237  of  an  inch 
diameter :  — 


DUm.  No. 

DUm. 

No. 

!».«.. 

Indi. 

InchT     loch. 

1.67  1  1 

.n  •  18 

,  .488 

1.326*  2 

.608  1  14 

'  .469 

1.157,  8 

.677  1  15 

.458 

1.061  1  4 

.062  16 

,  .426 

.977   6 

.65 

17 

j  .405 

.919  1  6 

.687 

18 

'  .895 

.878   7 

.625 

19 

.888 

.885   8 

.615 

20 

.875 

.802'  9 

.57 

25 

.872 

.776  '  10 

.587 

80 

'  .850 

76   11 

:  .51 

85 

.848 

.78   12 

'  .606 

1 

86 

.888 

N^.  ifNun.tNo.  iDfam. 


jlnch. 

40  ;  .829 

45  I  .821 

60  4n4 

60  |l  .807 

70  ii  .801 

76  i  .295 

80  .29 

88  .285 

90  i  .281 

100  ji  .276 

110  '  .272 

120  I  J68 


Na 


I   I,  loch. 

1  180'  .265 

!  140'  .262 

1601  .260 

160  .266 

I  170,  .252 

I  1801  .249 

190;  .247  _- 

I  200;  .244  820 

210'  .242  380 

,  220  .289  I  340; 

280  .287 
>  240, 


260 
260 
2701 
280 
290 
80O 
810 


II 
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Fig.  970. 


Bullet-oom'pam-aft.  A  pair  of  scribing  com- 
passes with  a  bullet  on  the  end  of  one  leg  to  set  in  a 
hole.     Cont'compasaea,  Club-compasaes, 

Bullet-ex-traofor.  A  pair  of  pinchers  with 
projecting  claws,  adapted  to  imoed  them- 
selves in  a  bullet  so  as  to  draw  it  from 
its  bed  and  extract  it.  When  closed, 
these  form  a  smooth,  blunt  surface, 
like  a  probe,  and  are  opened  against  the 
bullet  so  as  to  spread  apart  the  vessels 
which  might  oppose  the  retraction. 

Bullet-hook.  A  hook-ended  tool 
for  extracting  bullets. 

An  iron  buUet-hook  was  disinterred 
at  Pompeii  in  1819  by  Dr.  Savenko,  of 
St  Petersbuig.  It  was  in  company 
with  a  number  of  other  suigical  instru- 
ments.   See  Probe. 

Bullet-la'dle.  One  for  melting 
lead  to  run  bullets.  It  is  usually  a 
hemispherical  ladle  with  a  n>out,  but  in 
one  case  the  ladle  has  a  hole  in  the 
bottom  guarded  by  fL  spring  plug  and 
operated  by  a  trigger  on  the  handle  ;  in  iranor. 
another  case  a  part  of  the  ladle  is 
covered,  and  the  lead  thus  flows  out  at  a  guarded 
opening  which  keeps  back  the  dross  of  oxide. 

Bullet-making  Ma-ohina.  Leaden  bullets,  as 
well  for  the  military'  service  as  for  other  purposes, 
were  formerly  all  made  by  ca3ting. 

The  most  common  form  of  bullet-mold,  where 
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lam  nombeis  of  ballets  were  required,  was  {)re- 
cisely  like  the  common  bullet-mold,  but  casting 
four,  six,  or  more  bullets.  The  ^tes  were  after- 
ward cut  off  and  the  ballet  trimmed  by  hand.  The 
whole  process  was  alow,  and  required  a  compara- 
tively  large  number  of  hands. 

To  incpease  the  rapidity  of  fabrication,  revolving 
bullet-molds  were  tned,  consisting  of  a  cylindrical 
ring,  to  which  revolution  was  imnarted  by  a  hand- 
crank  and  gearing,  the  molten  lead  being  fed  to  the 
mold  during  its  revolution  ;  the  gates  were  cut  by  a 
knife  attached  to  the'  mold  at  the  same  operation  ; 
when  full,  the  mold  was  opened  and  the  bullets  dis- 
charged, after  which  the  mold  was  clamped  shut 
again  and  the  operation  recommenced.  These  con- 
trivances were  ingenious,  but.  were  very  liable  to 
get  out  of  order. 

In  1857,  De  Zens  invented  a  mold  for  donated 
bullets,  constructed  very  similarlv  to  the  ordmary. 
bullet-mold  on  a  large  scale,  but  which  was  mounted 
on  a  stand  and  worked  by  means  of  a  treadle, 
through  which,  aided  by  the  hands  of  the  operator 
on  the  handles,  the  mold  was  opened  and  closed, 
and  the  gatt^s  cut  off.  This  was  an  ingenious  and 
efficient  apparatus,  and,  with  the  aid  of  a  boy  to 
pour  the  lead,  could  be  worked  with  great  rapioity, 
seemingly  limited  only  by  the  time  required  for  the 
cooling  of  the  metal  at  each  cast. 

Preyed  leaden  bullets  are  undoubtedly  superior 
to  cast  ones,  and  those  for  the  ordinary  arms  in  the 
military  service  are  made  in  the  fonner  way.  The 
lead  is  generally  procured  in  the  form  of  "bullet 
wire,"  coiled  on  reels.  This  is  cut  in  lengths  of  25 
inches,  and  fed  to  the  machine  by  a  boy.  Elongated 
bullets  are  formed  by  a  three-part  die,  which 
opens  and  closejj  with  great  rapidity,  delivering  the 
ballets  at  the  rate  of  about  3,000  pr  hour ;  these 
have  a  slight  barr  or  feather  at  tike  points  where 
the  dies  come  together,  which  is  afterwards  trimmed 
off  by  hand. 

Molds  and  rolls  are  provided  with  each  machine, 
so  that  the  bars  may  be  cast  from  the  pig,  and 
rolled  to  ^ve  them  density  ;  but,  as  observed  above, 
the  lead  is  generally  procured  in  the  form  of  wire. 
It  is  estimated  that  a  man  can  cast  1,500  bars,  or 
trim  and  roll  2,000  bars,'  in  a  day  of  ten  hours. 

Bruff's  machine,  1818,  has  a  furnace  and  a 
press,  in  which  respectively  the  lead  is  cast  into 

Fig.  m. 


Bn^''s  Bullet- Compresnng  Maehmf. 

ingots  and  made  into  round  bullets.  The  figures 
are  side  and  end  views  of  the  press.  The  lead  is 
cast  into  flat  plates  of  the  required  thickness,  and 
of  a  width  eaual  to  the  len^h  of  the  rolls.  It 
passes  from  aoove,  downward,  between  the  upper 


rof  rolls  A,  which  are  grooved  longitudinally ; 
^  them  it  is  pressed  into  round  rods,  —  or,  more 
correctly,  long  cylindrical  pieces,  —  one  half  of  each 
of  which  is  formed  by  the  groove  in  the  face  of  one 
roll,  while  the  other  half  is  formed  by  the  cor- 
responding groove  in  the  opijosite  roll,  t^e  two 
working  in  apposition  and  moving  at  an  equal  rate. 
Each  bur,  as  it  faUs  from  the  upper  rolls,  alights  unon 
the  lower  roll  J?,  which  is  grooved  circumferentially, 
and  carries  the  round  bar  against  the  curved  steel 
plate  C,  whose  face  is  grooved  in  correspondence  po 
the  grooves  of  the  wheel  B.  The  bar  is  nipped  be- 
tween the  surfaces,  and  is  cut  iuto  sections  by  the 
adjacent  edges  of  the  roll  and  plate,  and  as  the 
pieces  roll  down  in  the  grooves  of  the  plate  and  are 
pressed  on  the  opposite  aides  in  the  grooves  of  the 
roll,  they  gradually  assume  a  perfectly  spherical . 
form  and  are  dischaiged. 

The  elongated  shot  or  bullets  now  used  for  rifles 
are  made  at  Woolwich  in  the  following  way  :  The 
machine  for  this  purpose  consists  of  four  sets  of 
duplicate  punches  and  dies,  independently  worked 
in  pairs  by  two  eccentrics,  driven  by  gearing  from 
twd  separate  driving-shafts.  The  lead,  coiled 
round  four  reels,  is  fed  from  them  through  a 
shearing-lever  into  the  Uppers,  where  it  is  clutcned  ; 
a  piece  is  cut  to  a  suitaole  length  by  an  upward 
movement  of  the  shearing-lever ;  the  grippers  then 
open,  the  piece  cut  off  falls  down,  and  is  clutched 
by  another  piece  of  apparatus.  At  this  moment  a 
punch  advances,  and  presses  the  lead  into  the  die, 
thus  forming  a  bullet.  A  small  plate  comes  up 
immediately  in  front  of  the  die,  and  the  bullet  is 
pushed  through  it  by  a  small  pin,  worked  by  a  lever 
and  cam ;  by  this  operation  tne  ragged  edge  is  re- 
moved which  had  oeen  left  on  the  bullet  by  the 
die.  The  machinery,  when  driven  at  the  rate  of 
thirty  revolutions  per  minute,  will  make  120  bullets 
in  thiat  time,  or  72,000  in  a  day  of  ten  hours. 

Bnlletr-m^d.  An  implement  opening  like  a 
pair  of  pinchers,  having  jaws  which  shut  closely 
together,  and  a  spherical  or  other  shaped  cavity 
made  by  a  cherry -reamer,  with  an  ingate  by  which 
the  melted  lead  is  poured  in. 

Bnllet-proba.  A  sound  for  exploring  tissue  to 
find  the  situs  of  a  bullet.  It  is  usually  a  soft  steel 
wire  with  a  bulbous  extremity.  Nelaton  used  a 
sound  with  a  file-like  extremity,  which  might  re- 
ceive- traces  of  the  bullet  in  cases  where  &ere  is 
doubt  of  the  character  of  the  body  with  which  it  is 
brought  in  collision.  He  afterwards  used  a  sonde, 
with  a  termination  of  an  olive-shaped  body  of  white 
unvarnished  porcelain,  which  would  receive  a  black 
mark  by  contact  with  the  bullet. 

Bollet-BOire^xr.  One  at  the  end  of  a  ramrod  to 
penetrate  a  bullet  and  enable  the  latter  to  be  with- 
drawn from  the  piece.    See  Ball-screw. 

Bullet^ahelL  An  explosive  bullet  for  small- 
arms.  Jacobs's  bullet-shells,  used  with  the  rifle  of 
General  Jacobs  of  the  East  India  service,  have  an 
inclosed  copper  tube  containing  the  bursting-charge, 
which  may  be  fulminate  or  common  powder,  and  is 
exploded  by  a  percussion -cap  or  globule  on  striking. 

In  experiments  made  with  them  at  Enfield  in 
1857,  caissons  were  blown  up  at  distances  of  2,000 
and  2, 400  yards  ;  and  brick- walls  much  damaged  at 
those  distances  by  their  explosion.     See  Bullet. 

Bulling.  (BUutvng,)  Parting  a  piece  of  loosened 
rock  from  its  bed  by  means  of  exploding  gunpowder 
poured  into  the  fissures. 

Bullion.  1.  A  word  whose  originalmeaning  indi- 
cated a  rounded  stud  or  ornament,  and  came  to  mean 
a  metallic  clasp,  boss,  hook,  button,  or  buckle. 

The  meaning  haj<  diverged  in  two  directions. 
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It  now  means  («)  a  mass  of  gold  or  silver  in  bars 
OP  in  mass,  uncoined  ;  and,  by  association,  a  showy 
metallic  ornament  or  metal-coYered  fringe  ;  if  genu- 
ine, of  gold  or  silver,  but  sometimes  a  mere  colorable 
imitation  in  baser  metal. 

b.  A  form  of  heavy  twisted  fringe,  whose  cords 
(L.  biilla,  an  object  swelling  up  and  becoming  round) 
are  prominent ;  as,  in  deffree,  the  sti-ands  of  a  cable. 

Bullion-fringe  for  epaulets  is  made  of  silk  covered 
with  line  gold  or  silver  wire. 

2.  {Glctss-Tnakitig.)  The  extreme  end  of  the  class 
bulb  at  the  end  of  the  blowing-tube.    The  bulb  hav- 
ing assumed  a  conical  form  is  rested  on  a  horizontal 
bar  called  the  bullion-bar,  to  assist  in  bringing 
it  to  the  spherical  form. 

Bull-nose  Ring.   A  hook  whose  Knobs  enter 
the  nostrils  and  clamp  the  dividing  cartilage  or  sep-' 
tum  of  the  nose.     It  is  used  to  lead  vicious  or  obsti- 
nate bulls,  and  occasionally  to  fasten  or  hitch  them. 

A  passage  in  Ezekiel  shows  that  lions  and  camels 
were  similarly  led  about,  and  that  prisoners  and  cap- 
tives were  treated  in  the  same  way.  Manasseh,  tne 
vicious  and  unfortunate  king  of  Judah,  was  thus  led 
by  the  nose,  and  carried  away  captive,  677  B.  c,  by 
the  captain  of  the  host  of*  the  king  of  Assyiia.  Re- 
penting in  exile,  he  was  restored,  and  died  in  peace 
in  Jerusalem. 

A  bas-relief,  discovered  by  Layard  at  Khorsabad, 
shows  that  the  practice  was  considered  worthy  of  il- 
lustration by  permanent  record ;  and  it  certainly 
was  far  more  humane  than  the  Egyptian  modes  of 
tying  prisoners  in  the  times  of  the  Rameses,  and  the 
practices  in  vogue  among  the  savages  of  Turkestan 
at  this  day,  and  which  we  hope  are  now  in  course  of 
abatement  by  Russia. 

Bnll'a-eye.  1.  {Nautical.}  a,  A  small  pulley 
of  hard  wood,  having  a  groove  round  the  outside  and 
a  hole  in  the  middle,  answering  the  purpose  of  a 
thimble. 

b,  A  bulb  or  thick  disk  of  glass  let  into  a  ship's 
side  or  deck. 

e.  One  of  the  perforated  balls  on  the  jaw-rope  of  a 

^#- 

2.  The  center  of  a  tarcet. 
8.  The  lens  of  a  dark -lantern. 

4.  {Glass.)  The  central  boss  which  is  attached 
to  the  bunting-iron  or  pontil,  in  the  operation  of 
making  crown-glass. 

5.  {Microscope.)    A  plano-convex  lens,  used  as  an 

illuminator  to  concentrate  rays  upon 
Fig.  972.      an  opaque  microscopic  object. 

6.  A  small  lantern  with  a  lens  in  one 
side  of  it,  to  concentrate  the  light  in 
any  given  direction.     A  policeman's, 
watchmarCs,  or  dark  lantern.     It  has  a 
slide  by  which  the  emission  of  light  is 
prevented,  and  is  unfortunately  almost 
'  as  handy  for  bui^lars  as  policemen.    A 
dark-lantern. 
Bnll'a-eye    Crin'gle.    {Nautical.) 
Dark-Lantern   A  wooden  ring  or  thimble  used  as  a 
cringle  in  the  leech  of  a  sail. 
Bnll's-nose.    {Carpentry.),   A  term  sometimes 
applied  to  the  angle  formed  by  the  junction  of  two 
plane  surfaces. 

Bol'wark.  1.  A  rampart,  wall,  or  pampet  around 
an  inclosure,  such  as  a  fortification  or  battery. 

The  boulevards  of  Paris  and  other  cities  are  on  the 
site  of  the  ramparts  of  the  former  fortifications. 

2.  {Nautical. )  The  sides  of  a  ship  above  the  upper 
deck. 

Bum'boat.  {Nautical.)  A  boat  used  to  carry 
provisions  to  vessels.  So  named  from  its  clumsy 
form. 


Bum'kin;  Boom'kin.    {Nautical.)    a.  A  boom 
on  each  side  of  the  bow,  to  haul  the  fore-tack  to. 

b.  On  the  quarter  for  the  standing  part  of  the 
main -brace. 

c.  Over  the  stem,  to  extend  the  mizzen. 
Bump'er.  A  projecting  head  at  the  end  of  a  rail- 
way-car, to  receive  or  deliver  the  contact  when  cars 


Fig.  978. 


Car-Bumper. 

come  together,  and,  by  transferring  the  force  to  a 
spring,  moderate  the  jar  incident  to  the  collision. 
In  the  illustration  the  spring  is  of  a  spiral  form. 
See  also  Buffer. 

Bump'ing-poBt  {Railway  Eriffineering.)  A 
timber  or  set  of  timbers  at  the  termination  of  a  rail- 
road track,  to  limit  the  motion  of  the  train  in  that 
direction.     In  the  example,  the  three  members,  — 


Fig.  974. 
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Dumping-Post 

sills  4,  posts  2,  and  brace$  13,  —  are  bolted  together, 
and  a  part  of  the  strain  transferred  from  the  posts  and 
thrown  upon  the  sill  beneath  the  track. 

Bunch.  1.  {Mininff.)  Tlie  expanded  portion  of 
0,  pipe-vein;  that  is,  one  which,  instead  of  preserving 
a  uniform  size,  has  contractions  and  expansions.  A 
body  of  ore  not  continuous  like  a  course.  Also  called 
a  squat. 

2.  {Flax-inanu/acture.)  Three  bundles,  or  180,000 
yards,  of  linen  yam. 

Each  bundle  has  60,000  yards,  and  is  made  up  of 
20  hanks,  each  having  10  leas,  and  each  Ua  being 
800  yards  in  len^h.    See  Bundle. 

Bun'der-boat  The  surf-boat  of  the  Malabar 
coast  of  India. 

Bun'dle.  {Flax-manufacture.)  Twenty  hanks, 
or  60,000  yardis,  of  linen  yam  make  a  bundle. 

Table. 

120  yams  of  2}  yards  =  300  yards  =  I'lea. 

10  leas  3,000  yards  =  1  hank. 

20  hanks  60,000  yards  =  1  bundle. 

8  bundles  180,000  yards  =  1  bunch. 

Bnn'dle-pil'lar.  {Architecture.)  A  column  or 
pier  with  others  of  small  dimensions  attached  to  it 

Bun'dling-ma-chine'.  One  for  grasping  a  num- 
ber of  articles  into  a  bundle  ready  for  tying.  Ma- 
chines of  this  character  are  used  for  fire-wood, 
asparagus,  and  many  other  things  sold  in  tied 
bundles.  The  handle  is  adjust«d  in  position  to  ex- 
pand the  bands  or  stra^is  for  receiving  the  article  to 
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Bundling-Machitu. 

be  bound,  when  it  is  drawn  down,  and  by  a  slight 
turn  of  the  hand-piece  the  machine  will  be  locked 
and  the  bundle  held  securely  until  tied  up. 

Bun'dllng-pre88.  A  press  in  which  hanks  of 
yam  are  pressed  into  cubical  packages  for  transpor- 
tation, stomgc,  or  sale. 

The  press  has  an  iron  frame  beneath  the  wooden 
table,  on  the  respective  ends  of  which  the  yam  and 
the  tying  twine  are  placed.     The  hanks  of  yam  are 

Fig.  976. 


BUNG. 

Fig.  977. 


Bundling-  Press. 

placed  between  the  standards  of  the  press-box,  the 
sides  of  which  are  slotted,  to  allow  the  strings  to  be 
laid  in  position  before  the  yam  is  filled  in.  The 
top  is  then  shut  down  and  secured  by  the  key-rods, 
which  enter  the  notches  in  the  top  bars. 

The  iron  cross  is  then  turned,  operating  a  pinion 
beneath  the  table  ;  the  pinion  engages  witti  and 
turns  a  large  cog-wheel,  to  one  of  whose  arms  a  pitman 
is  connected.  The  pitman  raises  the  follower,  which 
forms  the  bottom  or  the  press-box",  and  squeezes  the 
bundle  of.  hanks  against  the  top  pieces  which  form 
the  cover.  The  strings  are  then  brought  around 
and  tie<l,  tjie  slits  in  the  sides  and  top  of  the  box 
permitting  them  to  come  against  the  cotton. 

After  tying,  the  pressure  is  slackened,  the  key- 
rods  withdrawn,  the  cover  thrown  back,  and  the 
tied  bundle  withdrawn. 

.  The  invention  shown  in  Fig.  977  is  primarily  de- 
signed for  bundling  yarn,  but  is  adapted  for  com- 
pressing other  like  materials.  It  consists  of  a  frame 
having  uprights  5  6  at  each  side,  carrying  trans- 
verse oars  c  c  at  top.  For  use,  the  yarn  to  be 
bundled  is  placed  on  the  bars  c  c,  the  platen  c 
having  been  previously  run  out  on  the  extension  d ; 
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cords  are  passed  around  the  bundle,  and  the  platen 
is  run  in  on  its  guides  and  forced  down  by  means  of 
the  screw  /,  compressing  the  wool  into  a  small 
space ;  the  cords  are  then  tied,  the  platen  ru^n  out 
again,  and  the  bundle  removed. 

Bung.  1.  (Coopering.)  A  stopper  for  the  large 
opening  in  the  bulge  of  a  cask  called  the  ^n^-hole. 

The  common 
bun^   is    merely  Pig.  978 

a  thick  circular 
piece  of  wood  or 
cork,  over  which 
a  square  piece  of 
tin  is  usually 
nailed.  Improved 
devices  relate  to 
means  for  admit- 
ting air  to  allow 
the  contained  liq- 
uid to  be  drawn, 
or  for  permitting 
gases  generated 
inside  to  escaiHJ 
before  attaining  a 
dangerous  degree 
of  pressure. 

Fig.  978  {A)  is 
designed  to  allow 
the  carbonic  acid 
generated  during 
the  process  of 
feiTOentation  to 
depart  without 
allowing  access  of 
exteraalair,  whose 
oxygen  aggravates  Bungs . 

the  process. 

The  carbonic  acid  passes  up  tube  d  in  the  bung  a, 
and  escapes  into  the  air  around  the  lower  edges  of 
the  cone  c,  which  is  submerged  in  the  reservoir  6, 
the  latter  being  filled  with  water,  or  preferably  with 
the  nuist,  wine,  or  beer  with  which  the  cask  is  filled. 

It  is  a  substitute  for  a  bent  tube,  inserted  into 
the  bung,  and  its  other  end  inverted  into  a  tumbler 
I  of  li([uid  which  stands  on  the  top  of  the  cask. 
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^  IB  a  bung  with  a  spring  _ 

C  has  an  inner  bridge  into  wHich  the  stem  of  the 
bung  screws. 

D  is  a  screw-bung. 

.^  is  a  bung  with  a  vent  and  a  screw  vent-plug. 

2.  (Pottery.)  A  pile  of  aeggan  forming  a  cylin- 
drical column  in  a  kiln. 

Bung-bor'er.  {Coopering, )  A  conical  auger  for 
reaming  out  a  bung-hole. 

Bung-onf  ter.    A  machine  for  cutting  bungs. 

There  are  four  forms  :  — 

1.  The  annular  borer.  (See  Auger.)  This  has  a 
pointed  cutter  on  a  stem,  like  a  center-bit  without 
the  routing-cutter. 

2.  A  lauie  which  turns  the  circular  bung. 

8.  A  cylindrical  saw  which  advances  against  the 
blank  (or  conversely)  and  cuts  out  a  circular  disk. 

4.  A  descending  tubular  knife  which  cuts  the 
disk  out  of  the  stuff,  or  cuts  a  square  blank  into  a 
circular  shape. 

Of  the  latter  class  is  Fig.  979,  in  which  the  square 
blocks  are  placed  in  a  vertical  pile  in  the  hopper, 
and  fed  automatically  one  by  one  to  the  plunger,  by 
which  they  are  forced  through  the  circular  cavity  of 

Kg.  979. 


Bimg-OMtef. 

the  cutter  and  fonned  into  cylindrical  blanks,  t  is 
the  feeding  slide-bar  which  pushes  the  lowest  blank 
of  the  pile  beneath  the  plunger  c,  which  forces  it 
down  upon  the  circular  cutter  D. 

Bun'ga    {BocU,)    A  kind  of  canoe  used  in  the 
Southern  States  and  in  South  America. 

Bung-Btarfer.    {Coopering.)    kflogger.     A  bat 
to  start  the  bung  of  a  cask  by  beating  on  the  bulge 
alongside  of  the  bung. 
Bung-vent  A  passage  for  admitting  air  through 
the  bung  of  a  cask,  to  allow  a  ft-ee 
Fig.  980.  flow  of  liquid  from  the  tep.     In 

the  example,  the  cavity  in  the 
;  bung  communicates  with  the  at- 
mosphere  and  with  the  interior 
:  of  tne  barrel  by  separate  passages. 
The  valve  in  the  cavity  nses  free- 
ly to  admit  air,  but  resists  the 
Bung-  Vent.  passage  of  gases  from  the  barrel. 

See  also  BuNG. 
Bunk'er.    {Na'uJLiccU.)    A  coal-space  below  decks 
on  8team(>rs. 
Bun'sen-bat'ter-y.     Invented  by  Bunsen,  Pro- 


fessor of  Chemistry  at  Breslau.  Also  called  the 
EUctropoion  Battery  and  the  Carbon  Battery,  A 
modification  of  the  Grove  battery,  carbon  or  gas- 
coke  replacing  the  platinum,  and  a  solution  of  bi- 
chromate of  potash  replacing  the  nitric  acid  of  the 
Grove  battery. 

In  this  form  of  battery,  the  carbon  or  coke  is 
sometimes  formed  into  a  cup,  replacing  both  the 
platinum  and  the  porous  cup. 

There  are  several  modificarions  of  the  Bunsen  bat- 
tery, mainly  mechanical,  looking  to  a  more  compact 
arrangement  of  the  elements,  economizing  space,  ete. 

There  are  also  several  formulas  for  the  bichromate 
solution :  — 

Bunsen  :  5  ^unds  bichromate  of  potash  dissolved 
in  2  gallons  boiling  water. 

Prevost  (September  27,  1870)  :  water,  800 :  bi- 
chromate potash,  50  ;  sulphuric  acid,  50  ;  chromic 
acid,  2. 

y.  Barjou  :  bichromate  of  }>otash,  quicklime,  sul- 
phuric acid. 

Bastet  (September  26,  1871) :  bichromate  of  pot- 
ash, water,  nitrates  of  either  soda  or.  potassa,  and 
sulphuric  acid. 

Bunt.  {Nautical.)  The  middle  perpendicular 
portion  of  a  sail. 

Bunt'ing.  {Fhbric)  Athin  woolen  stuff  of  which 
flagi  are  made. 

Bnnt'ing-i'ron.  {Glass,)  The  glass-blower's 
pipe. 

Bontline.  {Nautical.)  One  of  the  ropes  attached 
to  the  foot-rope  of  a  sail,  which  passes  in  front  of  the 
canvas,  and  is  one  of  the  means  of  taking  it  in,  turn- 
ing it  up  forward  so  as  to  spill  the  wind  and  avoid 
bellying. 

Bnntline-cloth.  (Nautical.)  The  lining  sewed 
up  a  sail  under  the  buntline,  to  prevent  the  rope 
from  chafing  the  sail. 

Buoy.  A  floating  bodv  anchored  or  fastened  in 
the  vicinity,  and  employed  to  \yo\nt  out  the  position 


of  anything  under  water,  as  a  ship's  anchor,  reef, 
shoal,  or  danger  of  any  kind. 

Buoys,  in  general,  are  divided  into  three  kinds : 
the  nun-buoy  (c),  which  is  in  the  form  of  a  parabolic 
spindle,  generally  truncated  at  one  end,. and  when 
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intended  as  a  mark  by  which  to  point  out  a  shoal,* 
arranged  to  carry  a  mast  or  frame  of  cage-work,  and 
loaded  so  as  to  Hoat  in  a  vertical  position.  Smaller 
buoys  of  this  kind  are  used  as  anchor-buoys. 

The  eoTi-lnwy  {b)  is  conical,  frusto-conical,  or 
conoidal  in  shape,  and  floats  upon  its  side  when 
moored. 

The  cask'huoy  is  a  short  frustum  of  a  spindle, 
truncated  at  each  end ;  it  is  sometimes  cylindrical 
or  nearly  so.  It  is  chiefly  used  for  carrying  the 
warpe  of  vessels  laying  at  moorings.  A  good  tight 
common  cask  may  be  used  for  the  same  purpose, 
and  is  far  less  expensive. 

Lift  or  safety  buoys  are  intended  to  save  the  life 
of  a  person  falling  overboard.  They  are  sus^^ended 
below  a  ship's  tafl'rail,  and  are  so  arranged  that  they 
can  be  let  go  at  a  moment's  notice  ;  the  same  ])ull 
which  casts  the  buoy  loose  lighting  a  port- tire, 
to  indicate  the  position  of  the  buoy  to  tlie  person 
overboard  as  well  as  to  the  crew  of  the  boat  sent  to 
pick  him  up,  thus  serving  as  a  point  of  resort  for 
both.  Such  is  the  life-buoy  of  Lieutenant  Cook.  A 
fuse,  composed  .of  a  proper  mixture  of  phosphide  of 
calcium,  is  attached  to  tne  buoy.  In  case  oi  a  man 
overboard,  the  life-preserver  is  thrown  into  the 
water ;  the  moment  the  fuse  becomes  wet,  it  begins 
to  give  ofl^  a  gas  which  takes  Are  in  the  air  ;  and  the 
wetter  it  becomes  the  more  gas  and  the  brighter  the 
light  produced.  The  light  can  be  made  to  last  an 
hour.    See  Life-buoy. 

Spwr-buoya  are  also  frequently  employed  to  point 
out  channels  in  rivers  and  less  exposed  situations  ; 
these  are  nothing  more  than  masts  or  spars  of 
proper  length,  painted  of  any  desired  color,  and 
anchored. 

Buoys  are  made  either  of  wood  or  sheet-iron; 
«^tta-percha  stretched  on  wooden  or  metallic  frames 
has  also  been  proposed. 

When  employed  to  point  out  shoals  or  dangers, 
they  are  painted  of  some  distinctly  visible  color, 
and  where  more  than  one  is  anchored  in  the  s^me 
vicinity,  their  colors  are  varied  so  that  they  may  be 
readily  distinguished  from  each  other ;  for  example, 
the  buoys  on  one  side  of  a  channel  may  be  black 
and  those  on  the  other  red,  so  that  the  navigator 
can  tell  at  once,  by  the  color,  on  which  side  they  are 
to  be  passed.  Herbert's  buoy  (a)  is  intended  to  be 
Anchored  by  having  the  mooring-chain  attached 
near  its  center  of  gravity,  so  as  to  reduce  the  ten- 
dency to  pitch  ana  roll  in  rough  water  and  impart 
greater  stabilitv  to  the  buoy  ;  the  shape  of  the  buoy 
and  the  conical  hollow  in  its  base  also  conduce  to 
these  objects. 

An  improved  buoy  (/),  designed  to  have  similar 
advantages,  was  patented  by  W.  M.  Ellis,  Oct.  7, 
1856.  It  is  moored  by  attaching  the  cables  in  the 
line  of  the  calculated  center  of  tidal  pressure  ;  and 
'  the  forked  or  V-link  or  shackle  is  connected  to  the 
buoy  by  means  of  a  trunnion-bolt  passing  through  a 
metallic  tube  or  pipe  set  and  secured  within  the 
buoy.  The  figure  /  will  show  the  method  of  effect- 
ine  these  objects. 

Submei^d  buoys  have  been  suggested,  anchored 
by  a  weight  heavier  than  the  floating  power  of  the. 
buoy.  As  the  weight  ceases  to  exert  a  sinking 
force  when  it  reaches  the  bottom,  the  capacity  of  the 
buoy  to  sustain  a  load  is  the  same  as  if  it  floated  at 
the  surface,  and  an  upright  or  spindle  on  its  upper 
part  presents  but  a  small  surface  to  the  action  of 
waves.  Two  or  more  such  buoys  sunk  to  the  dead- 
water  point  may  be  so  arranged  as  to  support  a 
•  superstructure  above  the  level  of  the  sea,  as  in  d. 

Buoys  in  certain  situations  may  be  moored  by 
acrew-piles  (c),  which  are  readily  driven  by  rotation 


into  the  sand  or  mud,  and  enei^getically  oppose  te- 
traction. 

Other  designations  are :  — 

Anchor  buoy,  one  attached  by  a  rope  to  an  anchor 
to  show  the  position  of  the  latter. 

Cable  buoy,  an  empty  cask  to  keep  a  hempen 
cable  above  the  bottom  in  rockv  anchorage. 

Leading  buoy,  in  the  form  of  a  millstone. 

Sounding  buoy,  used  in  sounding  an  anchorage- 
ground. 

The  slings  of  a  buoy  are  the  part  of  the  buoy-rope 
bent  to  or  around  the  buoy. 

Buoy-rope.  {Nautical,)  The  rope  which  fSas- 
teiis  a  buoy  to  an  anchor. 

Buoy-safe.    A  Fig  982. 

metallic  body  di- 
vided into  compart- 
ments, by  which  it 
is  braced,  and  hav- 
ing  water-tight 
doors  opening  to 
the  inside.  The 
buoy  has  an  en- 
circling armor  of 
cork. 

Bur;  Burr.  I. 
{Machinery.)  A 
small  circular  saw 
or  toothed  dnim 
used  on  a  mandrel  | 
placed  between  the  ' 
centers  of  a  lathe. 

2.     {MetaJ'toork-  Buoy- Safe, 

ing.)    A  roughness 

len  on  metal  by  a  cutting- tool,  such  as  a  graver  or 
turning-chisel.  The  bur  of  a  graver  is  removed  by 
a  scraper ;  that  of  a  lathe-tool  by  a  burnisher  or  in 
the  polishing  pix>cess.  A  bur  is  purposely  made  on 
a  currier's  knife  and  a  comb-maker's  file,  and  in 
each  case  constitutes  the  cutting  edge. 

8.  {KnUting-VTMchine,)  A  wheel  with  thin  plates 
or  projections  inclined  to  the  axis  of  the  bur,  and 
used  to  depress  the  thread  between  the  needles 
and  below  the  beards  ;  it  is  then  called  a  sinker.  It 
becomes  a  knocker-off  when  it  raises  the  loops  over 
the  top  of  the  needle.     See  Sinker. 

4.  A  fluted  ream- 
ing-tool.  Fig.wa 

6.  {Dentistry.) 
A  dentist's  instru- 
ment of  the- nature  ' 
of  a  drill,  but  hav- 
ing a  serrated  or 
file-cut  head,  larger 
than  the  shank. 
The  instruments 
are  made  of  n^any 
sizes,  and  the  headn 
are  spherical,  bul- 
bous, cylindrical, 
frustal,  disk- 
shaped,  or  conical.  Dentist^s  Burs 

In   the  example 
are  sho^^-n  the  roundy  wheel,  inverted  cone,  cone, 
cylinder,  cylindroid,  conoid  burs. 

6.  A  triangular  chisel. 

7.  A  plancnet  driven  out  of  a  sheet  of  metal  by  a 
punch. 

8.  A  washer  placed  on  the  small  end  of  a  rivet 
before  the  end  is  swaged  down. 

9.  The  jet,  sprue,  or  neck  on  a  cast  bullet. 
Bur-chlB'eL    A  triangular  chisel,  used  to  clear 

the  comers  of  mortises. 
Bur-oufter.    {Metal-ioorking.)    A  nippers  for 
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Fig.  984 


cntting  away  the  flange  from  a  leaden  bullet  or  ball. 
A  bur-nippcr. 

Bur'den.  1.  {Nautical)  The  tonnage  or  carry- 
ing capacity  (by  weight)  of  a  vessel. 

2.  {Metallurgy. )    The  charge  of  a  furnace. 
8.  {Mining.)    The  tops  or  heads  of  sti-eam  work, 
which  lie  over  the  stream  of  tin. 
Bur-dett'.    {Fabric.)    A  cotton  stuff. 
Bur-drill.    A  drill  with  an  enlarged  head  used 
by     operative     den- 
tists. 
>  ^^  T/i  (£1     The  set  consists  of 
^  Xf^five    varieties:    The 
f        pulp-canal      reamer, 
small  and  larger ;  the 
round  bur-dml ;  the 
excavator ;    the    uu- 
Bur-DriUs.  dercuttiiig  bur-drill. 

•  See  also  Bur. 
Bu-rette'.  A  small,  graduated  glass  tube  used 
in  phaimacy  or  in  the  laboratory  for  measuring  or 
transferring  small  quantities  of  liquid.  It  some- 
times has  a  stop-cock,  and  the  dischaige  through 
its  small  orifice  is  sometimes  checked  by  the  finger 
placed  on  the  opening  above,  as  in  the  velinche  or 
pipette. 

As  invented  by  Gay  Lussac,  for  dividing  a  fluid 
into  minute  portions,  it  consists  of  a  laige  tube, 
graduated  to  rbu  and  -nAro*  and  a  smaller  parallel 
connected  tube. 

Bur-^age.  (MttaZ-toorking.)  A  plate  perforated 
with  holes  of  graduated  sizes,  whose  numbers  deter- 
mine the  trade  sizes  of  drills  and  burs. 

Bur-gee'.    (Naviical.)    A  flag  ending  in  two 
points.     See  Flag. 
.  Bur'geoise.    (Printing.)    A  size  of  type.     See 

BOURO  BOISE. 

Burglar-a-larm'.    A  device  to  be  attached  to  a 
Fig.  985. 


tols,  or  toi-pedoes,  sometimes  associated  vdth  devices 
for  lighting  a  lamp,  and  in  one  case  (Powell,  July 
23,  1861)  having  an  arrangement  for  upsetting  the 
bed,  and  thereby  calling  the  attention  or  tlie  sleeper 
to  the  disturbance.  The  contrivance  instanced  by 
the  Marquis  of  Worcester,  with  alaiiu,  fire,  tinder,  and 
pistol,  is  described  in  His  "Centuiy  of  Inventions," 
and  is  cited  ante^  page  56. 

One  device  has  a  hinged  plate  on  the  threshold  of 
the  door,  and  partially  concealed  by  the  carpet.  Thte 
foot  of  a  pei*son  entering  the  xoovx  depi'esses  the  plate, 
and  by  means  of  a  lever  and  rod  actuates  a  bell, 
whose  ringing  gives  notice  of  the  presence  of  the  in- 
trader. 

Another  :  an  ordinary  clock-alann  is  placed  with* 
in  a  case  attached  to  the  door,  and  is,  sprang  by  the 
opening  of  the  door. 

The  illustration  shows  three  forms  :  a  pistol  a  fas- 
tened to  the  door-jamb  by  its  pivoted  post,  whose 
tang  .sci'ews  into  the  jamb.  Its  muzzle  is  presented 
towards  the  crack  of  the  door,  and  its  tiigger  is 
tripped  when  the  door  opens,  with  consequences  to 
the  chambermaid  or  too  impulsive  friends. 

h  is  placed  anywhere  in  the  room,  and  is  tripped 
by  a  cord  leading  to  a  door  or  window  whose  suiTep- 
titious  opening  is  to  be  announced. 

c  is  a  torpedo  suspended  by  a  pin  from  the  door, 
and  dropped  when  the  latter  opens. 

Fig.  986  shows  one  of  the  numerous  forms  of  the 
application  of  the  electric  circuit  and  apparatus  to 
guaixl  the  windows  and  doors  of  a  house. 

Copper  wires  ranning  through  the  house  are  con- 
nected with  a  battery,  and  have  circuit  connections 
attached  to  the  doors  and  windows,  so  that  when  a 
door  or  window  is  opened  the  armature  is  released 

Fig.  986 


Bur^af'Aiarms. 

door  or  a  window,  to  make  an  alarm  when  it  is  opened 
from  without.  Some  alaitns  are  portable,  to  be  used 
by  travelei-s  in  securing  their  doors  against  intrasion. 
As  their  name  indicates,  they  are  intended  to  make 
a  noise  when  started,  and  they  consist  of  bells,  ]>is- 


EUetro- Magnetic  Burglar- Alarm. 

from  the  ma^ets,  and  causes  a  bell  to  strike,  and 
lights  a  fluid  lamp  or  candle. 

The  circuit  being  completed  by  the  motion  of  the 
door  or  window,  the  magnet  B  attracts  the  armature 
C,  and  sets  free  the  detent,  so  that  the  weight  rans 
the  alarm-hammer,  while  the  match-puller  is  recipro- 
cated and  lights  the  lamp  L. 

Burg'lar-a-larm'  Lock.  A  lock  with  an  alarm 
apparatus  attached  so  that,  wiien  properly  set,  the 
same  will  be  put  in  operation  and  an  alarm  sounded, 
in  ca.%  the  bolt  of  th«;  lock  is  improi^erly  moved. 

When  the  latch  is  drawn  in,  tiie  escapeqient  is  set 
in  motion,  being  driven  by  the  cog  gearing  and 
spring,  each  pulsation  of  the  escai)ement-lever  being 
a  blow  of  the  hammer  uiwn  the  bell. 
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Burglar-Alarm  Lock. 

Bur'i-al-oase.  A  mummy-shaped  form  of  coffin, 
made  of  various  materials,  wood,  metal,  earthen - 
wai-e,  concrete,  asphaltum  compounds,  papier- 
mach^.  Its  fumishmg  and  arrangement  involve 
improvements  in  the  lids,  glass  over  the  face,  means 
of  fastening,  hermetical  skiing,  and  the  complete 
isolation  of  the  body  from  air  by  enveloping  the 
corpse  in  a  resinous  or  other  air-excluding  com- 
pound. 

Bu'ria.  1.  (Engrcuoing.)  The  cutting- tool  of  an 
engraver  on  metal.     A  graver. 

2.  {Masonry.)  A  triangular  square-shaped  steel 
tool  whetted  off  obliquely  at  the  end,  .so  as  to  exhibit 
a  diamond.  It  is  shaped  like  a  graver,  and  is  used 
by  the  marble- worker. 

Burlap.  {Fabric.)  A  coarse,  heavy  goods  for 
wrapping,  made  of  jute,  flax,  manilla,  0%  hemp. 

Burl'iiig.  (Woolen'manufa^lure.)  A  process  in 
which  woolen  cloth  is  examined  for  rents,  flaws, 
knots,  defective  yarns,  etc.,  a  deficiency  being  made 
traod  with  a  needle,  and  oflensive  matters  removed. 
This  is  done  after  scouring  and  \xt{ow.  fulling. 

Burl  has  the  same  old  English  definition  as  Bur^ 
and  the  name  of  the  process  is  probably,  derived 
fi*om  the  plan  of  picking  out  the  burs  from  the 
cloth.  I 

BurFing-i'ron.  {Wookn-rruinufa^ure.)  A  sort 
of  pinchers  or  nippers,  used  in  buAvuj  cloth. 

B^lr^ing-ma-ohine^  One  for  removing  knots 
and  foreign  mattere  projecting  from  the  surface  of 
woolen  cloth  before  fiiliing. ' 

Buzn'er.  That  part  of  a  lighting  apparatus  at 
which  combustion  takes  place.  See  Gas-burner  ; 
Lamp-burner. 

Also  applied  to  the  corresponding  portions  of  gas- 
heaters  and  gas-stoves  (which  see).  See  also  Vapor- 
burner  ;  Petroleum  Stove. 

Bor'nett-iz'ing.  A  process  for  preventing  decay 
of  wood  and  fibrous  materials  or  fabrics,  patented  in 
England  by  Burnett,  1837. 

The  wood  or  fiber  is  immersed  in  a  solution  of 
chloride  of  ziuc,  1  pound  ;  water,  4  gallons  for  wood, 
5  gallons  for  fabrics,  2  gallons  for  felt,  contained  in 
a  wooden  tank. 

Timber  is  saturated  two  days  for  each  inch  of 
thickness,  and  then  set  on  end  to  drain  for  from  two 
to  fourteen  weeks. 

Cotton,  yams,  cordage,  and  woolens  are  immersed 
for  forty-eight  hours. 

Bum'ing.  1.  (Mctat-worhing.)  Joining  metals 
by  melting  their  adjacent  edges,  or  heating  the  ad- 
jacent edges  and  ninning  into  the  intermediate  space 
some  molten  metal  of  tne  same  kind. 


It  difi*ers  from  soldering  in  this  :  — 

In  buiTiing,  a  heat  is  required  sufficient  to  melt 
the  original  metal,  and  a  flux  is  seldom  used. 

In  soldering,  a  lower  heat  is  used  and  a  more  fusi- 
ble metal  employed,  assisted  by  a  flux. 

The  superior  quality  of  the  former  process  aiises 
from  the  fact  that  the  joint  will  withstand  the  same 
heat  as  the  body  of  the  article. 

It  is  apt  to  be  stronger,  as  the  article  soldered  has 
usually  more  tenacity  than  the  solder  ;  tin-plate  or 
copper  than  the  alloy  of  tin  and  lead,  for  instance. 

The  article  burned  togetlier  being  homogeneous, 
the  parts  expand  and  contract  evenly  by  changes  in 
temperature  ;  the  soldera  have  a  greater  range  of  ex- 
pansion by  given  changes  of  temperature  than  the 
metals  they  connect. 

The  solders  o5[idize  more  or  less  freely  than  the 
metals  they  connect,  and  establish  ^vanic  circuits 
which  destroy  the  integrity  of  the  joint ;  especially 
in  the  presence  of  heat,  moisture,  or  acids. 

As  an  instance,  the  leaden  vessels  and  chambers 
for  sulphuric  acid  cannot  profitably  be  united  with 
tin  solder,  as  the  acid  acts  so  freely  on  the  tin.  The 
joint  was  therefore  made  bv  doubling  the  edges  in  a 
hollow  lap  and  pouring  re<l-hot  lead  on  to  the  joint. 
This  is  now  performed  by  burning  together,  the  heat 
being  applied  by  an  airo-hydrogen  blow-pipe.  See 
Blow-pjpe. 

Pewter  is  burned  together  by  a  nearly  red-hot  sol- 
deiing-bit,  which  melts  a  strip  of  pewter  laid  in  the 
angle.     Superfluous  metal  is  filed  off  when  cold. 

Brass  is  burned  together,  as  in  the  case  of  brass 
mural  circles  for  observatories,*  that  are  fl'om  4  to  6 
feet  in  diameter,  and  are  cast  in  six  or  more  segments. 

The  ends  of  the  segments  are  filed  clean  ;  two 
pieces  are  fixed  vertically  in  a  sand-mold,  in  their 
relative  positions  ;  a  shallow  space  is  left  around  the 
joint,  and  the  entire  chaise  of  a  crucible,  say  thirty 
or  forty  pounds  of  the  melted  brass,  a  little  hotter  than 
usual,  is  then  poui-ed  on  the  joint  to  heat  it  to  the 
meltinff-point.  The  metal  overflows  the  shallow  cham- 
ber or  hole,  and  runs  into  a  pit  prepared  for  it  in  the 
sand,  but  the  last  quantity  of  metal  that  remains 
solidifies  with  the  ends  of  the  segments  and  forms  a 
joint  almost  or  quite  as  perfect  as  the  general  sub- 
stance of  the  metal.  The  process  is  repeated  for 
every  joint  of  the  cii-cle. 

Cast-iron  is  also  united  by  burning.  It  was  first 
practiced  by  the  native  smiths  of  India  and  China, 
who  occasioned  much  surprise  to  their  Occidental 
neighbors  by  the  way  in  which  they  mended  cast- 
iron  kettles  and  nots,  which  wero  supposed  to  be 
irretrievably  ruinea. 

The  first  notice  of  it  by  Europeans  appears  to  have 
been  by  Van  Braam,  in  1794-  96,  who  was  attached 
to  the  Dutch  Embassy  at  Pekin,  and  who  afterwai-da 
settled  in  the  United  States. 

The  figure  represents  the  itinerant  artist  with  his 

Eortable  forge,  at  work  in  the  street.  The  front 
alf  of  the  wooden  chest  is  his  Fung-Seangy  or  bel- 
lows. Its  principle  is  that  of  £he  double-acting 
lorce-pump,  and  it  is  consti'ucted  wholly  of  wood, 
except  the  valves  and  packing  of  the  piston,  which 
are  paper,  and  singularly  durable.  The  long  coarse 
file,  with  a  prolonged  smooth  extremity  to  slide 
through  a  ring,  fixed  on  the  chest,  is.  a  common  ac- 
cessory to  a  tinker's  budget.  By  the  arrangement, 
he  possesses  a  tolerably  good  substitute  for  a  bench 
and  vise,  and  can  increase  or  diminish  the  pressure 
of  the  file  on  the  object  operated  on,  at  pleasure. 

The  European  plan  for  burning  together  cast-iron 
surfaces  consists  m  using  an  exce^  of  metal  which 
is.poured  continuously  through  the  fissure  until  the 
edges  of  the  metal  lu-e  in  a  semi-fluid  condition. 
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Fig.  988. 


Burning. 


much- as  in  the  case  of  the  brass  mural  circles  pre- 
viously 'mentioned. 

As  nearly  analogous  to  the  just-described  pro- 
cesses, may  be  mentioned  in  this  place  the  modes  of 
uniting  metal  to  metal  by  simple  neat  and  contact. 

A  thin  plate  of  silver  and  a  stouter  bar  of  copper, 
their  surfaces  being  scraped  perfectly  clean,  are  tied 
together  by  a  binding-wire  and  united  by  partial 
fusion  without  the  aid  of  solder.  The  two  metals 
are  raised  to  a  heat  just  short  of  the  melting-point 
of  silver,  and  when  afterwards  rolled  the  two  metals 
maintain  a  perfect  contact  and  the  same  proportional 
thickness  however  attenuated  they  may  become. 

The  compensation  balance  of  the  chronometer  and 
superior  watches  is  another  example  of  the  union  of 
metals  by  heat  and  contact. 

The  balance  is  a  small  fly-wheel  made  of  one  piece 
of  steel,  covered  with  a  hoop  of  brass.  Its  pnnci- 
ples  and  applications  are  described  under  Balancb 
(which  see).  The  two  metals  are  thus  united  :  the 
disk  of  steel,  when  turned  and  pierced  with  a  cen- 
tral hole,  is  fixed  by  a  little  screw-bolt  and  nut  to 
the  bottom  of  a  small  crucible  with  a  central  eleva- 
tion smaller  than  the  disk.  The  brass  is  melted  and 
poured  into  the  crucible  around  the  disk.  When 
cooled,  the  crucible  is  broken,  the  superfluous  brass 
is  turned  off  in  the  lathe,  the  arms  are  made  by  the 
file  as  usual,  and  lastly,  the  hoop  is  divided  in  two 
places,  at  opposite  ends  of  its  diametrical  arm. 

A  little  black-lead  is  sometimes  introduced  between 
the  steel  disk  and  the  crucible. 

The  airo-hydrogen  blow-pipe,  a  modification  of  the 
oxyhydrogen  blow-pipe  invented  by  Dr.  Hare,  of 
Philaidelphia,  is  nsea  in  melting  the  adjacent  edges 
of  metals  so  as  to  unite  them  by  fusion,  or  in  fusing 
stripe  of  the  same  metal  over  a  seam  or  joint  where 
•  the  edges  of  sheet-metal  abut  upon  each  other.  See 
Blow-pipr. 

2.  (Gcramics.)  The  final  heating  of  clay  ware, 
which  changes  it  from  the  dried  or  hiseuited  condi- 
tion to  the  perfect  ware.  The  glaze  or  enamel  is 
applied  to  the  haked  ware,  and  is  vitrified  in  the 
bummg. 

Bum'ing-glaBS.  (Optics.)  A  convex  lens  of 
large  size  and  short  focus,  used  for  causing  an  in- 
tense heat  by  concentrating  the  sun's  rays  on  a 
venr  small  area. 

Pliny  states  that  the  ancients  had  globes  of  glass 
and  crystal  which  produced  fire,  and  Lactaneus  adds 
that  a  glass  sphere  full  of  water  did  the  same. 

Any  convex  lens  may  be  eniployivl  as  a  buming- 
glasii,  its  calorific  effect,  as  in  tlie  e-ase  of  a  mirror, 
Being  proportional  to  the  number  of  rays  concen- 
trated in  a  given  area,  or  to  the  relative  circular 


areas  of  the  lens  and  the  spot  on  which  the  refracted 
rays  fall. 

About  1774,  M.  de  Trudano  constructed  a  hollow 
glass  lens,  of  11  feet  focus,  filled  with  oil  of  turpen- 
tine, of  which  itiield  140  Paris  pints  (nearly  equal 
to  the  same  number  of  English  quarts).  By  this 
lens  a  bar  of  steel  4  inches  long  &nd  i  of  an  inch 
square  was  melted  i)i  five  minutes.  Tnree  and  six 
livre  silver  pieces  were  fused  in  a  few  seconds,  and 
grains  of  platinum  were  melted  sufficiently  to  cohere, 
but  not  to  form  a  spherical  drop. 

The  "  Parker"  lens  or  burning-glass  was  made  in 
London  at  a  cost  of  1 3, 500.  It  was  of  flint  glass, 
36  inches  in  diameter,  double  convex,  its  sides  por- 
tions of  a  sphere  of  18  feet  radius.  Its  focus  was  6 
feet  8  inches  ;  diameter  of  focus  at  that  distance,  1 
inch ;  weight^  212  pounds.  A  second  lens,  of  16 
inches  diameter  and  weight  21  pounds,  was  used  to 
concentrate  the  rays,  the  focal  distance  bein^  then 
68  inches,  the  diameter  of  focus  ^  inch.  This  lens 
was  carried  to  China  bv  an  officer  in  the  suite  of 
Lord  Macartney,  and  len;  at  Pekin. 

The  effects  of  the  burning  arrangement  were  as 
follows :  — 


Weight.    Time.  Welxht.    Time. 

Sabetenoes.     Qnixa.  Seconds.  Sobetaneee.    OiafiM.  Secoodn 

Gold  (pure)      20  4    Camelian         10        75 

Silver  (pure)    20  3    Jasper  10        25 

Copper  (pure)  88        20    Onyx  10        20 

Platinum  Garnet  10         17 

(pure)  10  3    Spar  Itt        60 

Nickel  '  16  8    Rotten-stone    10        80 

Bar-iron  10        12    Slate  10  2 

Cast-iron  10  3    Asbestos  10        10 

Steel  10        12     Limestone        10        85 

Topaz  3        45     Puniiee-stone  10        24 

Emerald  2        25    Lava  10        24 

Flint  .19        30    Volcanic  clay  10        60 

See  BnRNiN»-MiRROR. 

Bmn'ing-house.  {Metallurgy.)  A  miner's  term 
for  a  kiln  or  roasting-fnmace  in  which  volatile  min- 
eral matters  are  expelled,  as  the  sulphur  from  tin 
pyrites.     A  kiln. 

'Bum'ing-mir'ror.  A  concave  mirror,  or  a  com- 
bination of  plane  mirrors,  so  arranged  as  to  concen- 
trate the  sun's  heating  rays  on  a  common  object. 

The  most  celebrated  of  these  are  the  mirrors  of 
Archimedes,  who  thereby  burned  the  Roman  fleet  of 
Marcellus  at  Syracuse.  Elach  concave  mirror  was 
separately  hinged,  and  they  were  brought  to  bear  in 
combination  upon  the  object  in  the  common  focus. 

In  Peru,  previous  to  the  Spanish  Conquest,  the 
rays  of  the  sun  were  collected  in  a  concave*  mirror 
and  fire  kindled  thereby. 

Brides  the  familiar  instance  of  the  burning  of 
the  fleet  of  Marcellus  by  Archimedes,  another  in- 
stance is  cited  by  the  historian  Zonaras,  who  records 
that  Proclus  consumed  by  a  similar  apparatus  the 
ships  of  the  Scythian  leader  Yitalian,  when  he  be- 
siegsd  Constantinople  in  the  banning  of  the  sixth 
century.  It  must,  however,  be  mentioned  that  Ma- 
laba,  another  old  chronicler,  says  that  PitKjlus  oper- 
ated on  this  occasion  by  burning  sulphur  showered 
upon  the  ships  by  machines. 

Stettala,  a  canon  of  Milan,  made  a  parabolic  re- 
Hector  with  a  focus  of  46  feet,  at  which  distance  it 
ignited  wood.  It  is  underatood  to  be  the  first 
of  that  form,  though  Digges  in  the  sixteenth  centuiy, 
Newton  and  Napier  in  the  seventeenth  century,  ex- 
perimented with  parabolic  mirrore. 

Villette,  an  optician  of  Lyons,  constructed  three 
mirrora  about  1670.  One  of  them,  purchased  by 
the  King  of  France,  was  30  inches  in  diameter  and 
36  inches  focus.     The  diameter  of  the  focus  iK-a-s 
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about  1  inch.  It  immediately  set  fire  to  green 
wood  ;  it  fused  silver  and  copper  in  a  few  seconds, 
and  in  one  minute  vitrified  bnck  and  flint  earth. 

The  Baron  von  Tchionhausen's  mirror,  1687,  was 
a  concave  metallic  plate  5  feet  3  inches  in  diameter, 
and  having  a  focal  length  of  8^  feet.  Its  effects 
were  similar  to  those  of  tne  mirror  just  cited,  and  it 
is  recorded  that  slate  was  trwisformed  into  a  kind 
of  black  glass,  which,  when  laid  hold  of  by  a  pair 
of  pinchers,  could  be  drawn  out  into  filaments. 

Buffon  made  a  machine  with  140  plane  mirroT» 
4x8  inches,  placed  in  a  frame  and  separately  ad- 
justable by  temper-screws.  With  24  of  the  mirrors 
adjusted  to  a  common  focus  at  a  distance  of  66 
French  feet,  he  fired  pitch  and  tow.  "With  a  poly- 
hedron frame  set  witn  168  pieces  of  plain  looking- 
fflass,  6  inches  square,  he  hred  beechwood  at  150 
feet,  and  melted  a  silver  plate  at  60  feet.  He  then 
constructed  one  on  similar  principles,  with  360 
mirrors  8x6  inches  in  a  frame  8x7  feet.  With 
this  most  metals  were  melted  at  25  to  40  feet  dis- 
tance, and  wood  was  burned  at  210  feet  distance. 

Bnm'lng-on.  A  process  of  mending  castings 
by  uniting  two  fractured  portions,  or  by  attaching 
a  new  piece  to  a  casting. 

The  casting  is  so  fitted  into  a  mold,  in  connection 
with  a  pattern,  that  the  latter  portion  shall  represent 
the  piece  required.  The  mold  being  opened,  the 
pattern  is  removed  and  the  mold  reclosed,  leaving 
the  casting  in  position.  Metal  is  then  flowed 
through  the  mold  until  the  face  of  the  casting  be- 
comes softened,  when  the  flow  is  8toi)ped,  and  the 
mold  allowed  to  fill  in  the  usual  manner. 

When  two  castings  are  to  be  united,  the  molten 
metal  is  poured  through  a  space  between  them  until 
the  respective  surfaces  become  softened  so  as  to  unite 
fairly  with  the  metal.  The  flow  is  stopped  and  the 
chink  allowed  to  fill.  It  is  then  cooled  in  the 
ordinart  manner.    See  Burning. 

Bur'iiiflh-er.  A  tool  for  smoothing  or  pressing 
down  surfaces  to  dose  the  pores  or  obliterate  lines 
or  marks. 

The  engraver's  burnisher  is  made  of  steel,  ellipti- 
cal in  cross-section,  and  coming  to  a  dull  point  like 
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Engrarfn'*  Burmthen. 

a  probe.  The  larger  one  in  the  figure  is  the  ordinary 
form,  and  tJie  smaller  one  is  used  by  stipple-engrav- 
ers. 

Burnishers  are  often  made  of  dogs'  teeth  (the  ca- 
nine tooth),  which  is  bf  a  convenient  shape  and  size 
for 'some  purposes,  and,  like  other  teeth,  has  a  very 
hard  enamel. 

They  are  also  sometimes  made  of  ajsate,  which  is 
an  extremely  hard  mineral,  and  is  uselul  in  burnish- 
ing paper  for  collars.  Paper  is  much  more  wearing 
than  steel  softened  for  the  engiuver  or  die-sinker, 
owing  to  the  pt-esence  of  silex  in  the  fiber. 

Burnishers  of  bloodstone  are  used  for  putting  gold- 
leaf  on  china-ware. 

Agate  burnishers  are  used  by  bookbinders. 

The  gilder's  burnisher  is*  of  agate  or  porphyry. 

A  round  broach  is  used  for  burnishing  pivot- 
holes. 

For  cutlers'  use  the  burnisher  is  inlaid  into  a 
piece  of  wood  with  handles  like  a  spoke-shave. 

The  clog-burnisher  used  by  cutlers  is  inserted  into 
a  handle  which  has  a  ring  and  staple  at  one  end,  so 


that  the  left  hand  of  the  operator  is  free  for  handling 
the  work. 

For  still  larger  work,  the  burnisher  is  at  the  bot- 
tom end  of  a  pole  suspended  from  the  ceiling. 

A  flat-bladed  burnisher  is  used  in  restoring  the 
edges  to  the  teeth  of  the  comb-maker's  tiles.  These 
teeth  are  made  by  a  file,  not  a  chisel,  and  have  a  for- 
ward inclination  of  15". 

A  round  burnisher  is  also  used  to  restore  the  edge 
to  the  steel  scraper  used  by  cabinet-makers  in  fin- 
ishing surfaces,  especially  of  veneers. 

AlS)  by  the  currier  in  preserving  the  wire-edge  of 
his  knife.     Called  a  steel,  and  resembling  an  awl. 

The  dentist's  burnisher  has  a  bulbous,  spherical, 
or  probe-shaped  teimination  for  smoothing  the  sur- 
face of  metallic  filling  of  teeth. 


Flat  990. 


*^^^^ 


Dentints'  Burninkfrt. 

The  shoemaker's  burnisher  is  for  finish- 
ing the  edges  of  boot-soles.    In  the  exam-  \ 
pie,  the  tool  has  a  movable  head  and  a 
metallic  socket,  so  that  the  stock  need  not 
be  injured  when  the  head  is  heated  for  use. 

See  BURNISHING-MACHINE. 

Bur'niih-gild'ing.  A  mode  of  gilding 
consisting  of  the  following  processes  :  — 

The  stuff  for  picture-irames,  ^oo^i^^g"  ^JJJJSJJ^^'* 
glasses,  etc.,  or  other  object  to  be  gilt,  is —  BiennsHn 

Primed  with  white  stuff  in  several  coats.  This 
consists  of  hot  size  and  whiting. 

The  surface  is  smoothed  with  pumice-stone  and 
glass-paper. 

It  tnen  receives  a  number  of  coats  of  a  peculiar 
size,  formed  of  pipe-clay,  red-chalk,  black-lead,  suet, 
and  bullock's  blood,  thinned  with  a  solution  of  gela- 
tine. 

On  this  the  gold-leaf  is  laid  and  burnished.  See 
Gn.DiNO. 

rig.  992. 


Sitrnishing'Mnekfnf. 
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Bnr'nlBh-ing-ma-chine'.  One  for  ^ving  a  pol- 
ish by  compression.  Such  are  the  machines  for  bur- 
nishing paper-collars  and  boot-soles.  One  of  the 
latter  is  shown  in  Fig.  992. 

The  last  w  is  secured  eccentrically  to  the  cross- 
head  tf  which  receives  motion  from  the  shafts  so  F 
and  band-wheels  g  ^.  By  means  of  a  clutch  f  f  f 
the  motion  may  be  reversed  so  that  the  boot-sole 
may  be  burnished  to  One  shank  and  then  turned  back 
again.  The  bumishing-tool  also  revolves  with  its 
stock  d  and  mandrel  C,  but  is  adjusted  relatively  to 
the  boot-sole  by  sliding-gages  which  do  not  partake 
of  the  motion. 

Burr.    1.  The  waste  or  refuse  of  i-aw  silk. 

2.  A  vitrified  brick. 

In  a  mechanical  sense,  see  Bur. 

Bnr'ra0-pipe.  A  tube  to  contain  lunar  caustic 
or  other  con*osive. 

Bur'rel-shot  {Frojectiies,)  A  medley  of  shot, 
stones,  chunks  of  iron,  etc.,  to  be  projected  from  a 
cannon  at  short  range.     Emergency  shot.    Larigrel. 

Bur'ring.  ( WooUn-nianufacture.)  A  process  in 
the  manufacture  of  wool  by  which  burs  and  foreign 
matters  are  removed  from  Uie  wool,  which  has  been 
opened  by  the  preceding  wilUnmng-i^rocess, 

Bur'rmg-ma-ohine'.  A  machine  for  picking 
and  burring  wool.  It  follows  the  willotoing  ma- 
chine and  precedes  carding. 

A  picking  and  burring  machine  is  exhibited  in  a 
section  which  displays  the  working  parts.  A  is  the 
feed-cloth  by  which  the  wool  is  carried  into  the 
machine  ;  a  a  are  two  fluted  iron  rollers  which  draw 
in  the  wool,  and  it  is  then  exposed  to  the  action  of 

Fig.  998. 


Bmring-  Machine . 

a  heavy  iron  beater  B^  which,  revolving  in  the  di- 
rection of  the  arrow,  beats  and  separates  the  wool 
and  throws  it  down  on  the  cloth  J9,  while  dust  and 
dirt  pass  through  the  giating  C.  The  cloth  D  has  a 
chain  fastened  to  each  side,  the  links  of  which  work 
into  studs  on  the  rollers  d  d,  thus  insuring  regu- 
larity of  motion  ;  the  loose  wool  is  carried  forward 
by  this  cloth  under  the  wire  cage  J?,  which,  pressing 
upon  it,  forms  it  into  a  loose  lap  or  fleece.  This  is 
taken  off  the  cloth  by  the  brugh  F^  and  transferred 
by  it  to  the  comb-cylinder  A',  which  has  a  number 
of  fine  iron  combs,  set  longitudinally  round  its  cir- 
cimiference.  By  the  revolution  of  the  cylinder  the 
wool  is  carried  on  to  the  card-roller  6y  which  takes 
it  off  the  comb-cylinder,  and  is  itself  stripped  by 
the  brush  ZT,  the  latter  returning  the  wool  to  the 
laree  cylinder  iT,  which  then  canies  it  forward  to 
and  against  a  steel  blade  or  straight  edge  placed  ver- 
tically at  a  very  small  distance  from  the  comb- 
cylinder  ;  the  latter  draws  the  wool  through  the 
narrow  slit,  but  every  bur,  seed,  or  other  foreign 


substance,  is  stopped  by  the  plate.  A  roller  I, 
covered  with  spiral  blades,  revolves  against  the 
plate,  and  carries  off  the  arrested  burs,  together 
with  any  locks  of  wool  which  may  be  attached  to 
them,  and  throws  them  back  to  the  cylinder  M,  the 
teeth  of  which  throw  them  back  over  the  bars  of 
a  grating  to  a  small  fluted  roller  N,  which  delivers 
the  lock  of  wool  —  by  this  time  detached  from  the 
bur  — down  the  sloping  board. 

The  wool  which  has  passed  the  op^ening  at  the 
plate  is  carried  .on  by  the  combs  till  it  is  stripped 
off  by  the  bmshes  fixed  in  the  angles  of  a  large 
prismatic  roller  L,  which  delivers  it  down  the  in- 
clined exit-board. 

Bur'ring-saw^.  A  serrated  wheel  or  blade  which 
works  in  a  burring-machine  to  seize^the  fibers  of 
wool  and  draw  them  away* from  the  burs,  which 
cannot  pass  the  opening  through  which  the  saw 
works. 

Bur'ring-^v^heeL  A  cirenlar  or  annular  wheel 
with  serrated  periphery,  used  in  buning  wool  or 
ginning  cotton. 

^         ^  Fig.  996. 

Kig.  994. 


Bor'rock.  {Hydraulic  Engineer- 
ing.)  A  small  weir  or  dam  in  a  river 
to  direct  the  stream  to  gaps  where 
fish-traps  are  placed.  Bmr-Pitmp. 

Btur-puinp.  (Nautical.)  A  form 
of  bilge-water  pump  in  which  a  cup-shaped  cone  of 
leather  is  nailed  by  a  disk  (burr)  on  the  end  of  a 
pump-rod,  the  cone  collapsing  as  it  is  depressed,  and 
expanding  by  the  weight  of  the  column  of  water  as 
it  18  raised. 

Bursfing-oharge.  1.  (Mining.)  Asmallchaige 
of  fine  powder,  placed  in  contact  with  a  charge  oif 
coarse  powder  or  nitroleum  to  ensure  the  ignition  of 
the  latter.     It  is  usually  fired  by  voltaic  means. 

2.  (Ordnance.)  The  chai^  of  powder  required 
for  bursting  a  shell  or  case-shot ;  it  may  be  poured 
in  loose,  or  placed  in  a  bursUr-bag. 

Bor'ton.  A  peculiar  style  of  tackle.  It  has  at 
least  two  movable  blocks  or  pulleys  and  two  ropes. 
The  weight  is  suspended  to  a  hook -block  in  the 
bi^t  of  the  running  part. 

This  arrangement  of  cords  and  pulleys  is  sus- 
ceptible of  great  variation,  so  as  to  increase  in  a 
twofold,  fourifold  ratio,  or  otherwise.  Each  pulley 
has  but  one  sheave,  and  there  are  a*  many  ropes  as 
movable  pulleys.  The  numbera  indicate  the  relative 
tensions  of  different  cords."    (Fig.  996.) 

Bur'ton-taokle.  An  arrangement  of  pulleys. 
Se«*  Burton. 

BurfB  Nip'pers.  An  instrument  used  for  keep- 
ing the  line  perpendicular  in  deep-sea  soundings. 
It  is  suspended  from  a  bag  ^-hich  floats  on  the  sur- 
face, and  the  sounding-line  is  passed  between  a  plate 
or  spring  and  a  roller,  which  allow  it  to  run  freely 
through  in  descending,  but  *'  nip  *'  it  when  it  strikes 
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Spttnish  Burton. 

bottom  and  stops  rannlng  or  is  pulled  backward. 
It  thus  also  indicates  the  precise  up-and-down  depth 
of  the  sounding. 

Bush.  (Fr.  bou(^  a  mouth.)  A  bearing  for  a 
spindle  or  arbor,  as  in  the  case  of  the  wooden  chocks  ; 
called  also  followers,  which  surround  the  spindle 
within  the  eye  of  a  bed-stone,  'kud  form  the  upper 
bearing  of-  the  spindle.  A  piece  of  metal  or  wood 
inserted  into  a  plate  to  receive  the  wear  of  a  pivot 
or  arbor. 

A  thimble,  sleeve,  or  hollow  socket  placed  in  a  hole 
in  a  plate  or  block,  and  adapted  to  receive  a  spindle, 
gudgeon,  or  pivot.  It  forms  a  lining  for  a  bearing- 
socket. 

Old  and  worn  pivot- holes  are  bored  out,  bushed, 
and  a  new  pivot-nole  drilled.  The  collar  of  a  lathe- 
spindle  is  a  bush.  Gun-vents  are  bushed.  Bush- 
metal  is  a  bronze  —  copper  ahd  tin  —  used  for  jour- 
nals. 

The  pivot-holes  of  the  old-fashioned  wooden  clocks 
were  bushed  with  box  or  pear-tree  wood.  Doj^wood 
or  apple-tree  wood  also  affords  good  material  for 
wooden  bushing. 

The  circular  guide  in  which  a  rod  slides. 

A  circular  piece  of  metal  let  into  the  sheaves  of 
such  blocks  as  have  iron  pins. 

A  collar  around  a  piston-rod  or  a  bearing  in  a 
shaft-hanger  is  sometimes  called  a  bush.  See  Bush- 
ing. 

Boah-ez-tracfor.  (Hmhandry,)  An  imple- 
ment for  pulling  out  bushes  and  mihs.  It  usually 
con-sists  of  a  lever  having  at  its  Tower  end  a  claw, 
clevis,  or  grapple,  which  pinches  the  stem  of  the 
bush  against  tne  lever,  and  then,  the  lever  being 
depressed  by  rocking  on  its  rolling  shoe  or  axle,  the 
latter  forms  the  fulcrum,  and  the  grub  is  torn  up  by 
the  roots.  It  is  of  the  nature  of  a  claw-bar  or  cant- 
hook,  or  a  pair  of  claws. 

BuBh-ham'mer.  1.  The  mason's  large  breaking- 
hammer. 

2.  The  miller's  hammer  for  dressing  millstones. 
The  steel  bits  are  usually  detachable  from  the 
sockets  of  the  heads,  to  enable  them  to  be -dressed  on 
a  grindstone. 

in  the  example  the  frame  is  made  of  two  parts, 
with  shoulders,  and  with  cavities  for  bolts,  ana  pro- 
jections from  the  base  for  the  8up|)ort  of  the  cutters 
which  are  socketed  therein. 


iig.WT. 


Fig.  908. 


Bushings. 


Bush' Hammer. 

Bush-har'row.  An  ag- 
ricultural implement  consist- 
ing of  a  number  of  limbs  or 
saplings  confined  in  a  frame 
and  dragged  over  ground  to 
cover  grass-seed. 

BuBh'ing.  A  lining  for  a 
hole.  Often  called  a  Bush 
(which  see). 

a  is  a  bushing  for  the  bung-hole  of  a  barrel. 

6  is  a  bushing  to  reduce  the  caliber  of  a  gun-bar- 
rel ;  a  taper  tube  is  brazed  in  place  at  the  end  between 
the  two,  and  makes  all  fast. 

c  is  a  breech-loading  cannon,  having  a  bushing 
secured  by  joint-screws  and  a  reinforce  on  the  exte- 
rior. 

^  is  a  metallic  hub  with  an  inner  bushing  to  form 
the  axle-box. 

Buflh-Bcytha.  A  stout  short  scythe  for  cutting 
brush  and  briers. 

Bosk.  A  stiffening  bone  or  plate  in  a  corset,  to 
maintain  its  shape  and  prevent  its  gnthering  in 
folds  and  wrinkles  arouna  the  waist.  The  busk  is 
made  of  wood,  steel,  brass,  whalebone,  or  vulcanite. 

Buss.  (Vessel.)  A  two-masted  iishing-vessel  of 
from  50  to  70  tons  burden.  It  has  a  cabin  at  each 
end. 

"They  liave  a  designe  to  get  the  king  to  hire  a 
docke  for  the  herring  busses  to  lie  up  in.  —  Pepys, 
1661. 


Bust  A  statue  of 
the  upper  part  of  the 
person,  embracing  the 
head,  shoulders,  and 
breast. 

Lysistratus,  the 
sculptor,  is  cited  as 
the  inventor  of  cast- 
ing busts,  etc.,  from 
molds,  328  b.  c. 
Busts  from  the  face 
in  plaster  of  Paris 
were  first  taken  by 
Andrea  Verocchi, 
A.    D.     1466.       The 

Elaster  cast  is  made 
y  pouring  the  fluid 
Elaster  around  the 
ead  and  face,  which 
are  previoiLsly  well 
oiled,  to  prevent  ad- 
hesion, the  hair  beine 
protected  by  an  oiled 
rn]>.     When  the  plas- 
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ter  has  partially  set,  and  while  it  is  yet  in>  a  soft 
state,  the  mold  is  divided  into  sections  for  removal 
by  strings  or  fine  wires  previously  arranged  in  the 
interior.  Busts  are  now  turned  by  machinery  con- 
structed on  the  principle  of  Blanchard*s  lathe  for 
turning  irre^lar  forms,  which  was  originally  ap- 
plied to  turning  gun-stocks  and  spokes  for  carriage 
wheels. 

Butoh'er-kiiifa.  A  knife  for  cutting  meat.  The 
tauK  of  the  blade  is  usually  riveted  between  two 
scaua,  which  form  the  handle. 

The  Roman  butcher-knives,  used  also  for  sacrifi- 
cial purposes,  were  wide  at  the  hilt-end  of  the  blade, 
and  had  sharp  points.  The  pole-axe  is  also  shown 
in  the  figure. 

Next  to  the  pole-axe  is  the  seva  or  aecespUa,  for 
cutting  the  throats  of  the  animals.  On  the  left  is 
the  dolabra,  for  dismembering.  Below  are  the  cul- 
tri  or  eulUUiy  for  skinning  and  slicing.' 

BnVmeiit-oheek.  (Oarpenlry.)  The  part  of  a 
mortised  timber  surrounding  the  mortise,  and  against 
which  the  shoulders  of  the  tenon  bear. 

Butt  The  hinder,  larger,  or  blunter  end  of  an 
object ;  as  of  a  gun,  a  connecting-rod,  a  crow-bar, 
etc. 

1.  The  end  of  a  connecling-rod  against  which  the 
boxing  is  attached  by  the  strap^  cotter^  and  gib, 

2.  The  end  of  an  object  where  it  comes  squarely 
against  another. 

3.  A  joint  where  the  ends  of  two  objects  come 
squarely  together  without  scarfing  or  chamfering. 

4.  A  form  of  door-hinge  which  screws  to  the  edge 
of  a  door,  and  butts  against  the  casing  instead  of  ex- 
tending along  the  face  of  a  door,  like  the  A^rop-hinge. 
It  consists  of  two  oblong  plates,  one  edge  of  each  of 
which  is  dentated  to  fit  its  fellow,  a  pintle  travers- 
ing each  interlocking  portion  to  form  a  joint.     See 

BUTT-HINOE. 

5.  a.  A  tai^t. 

b.  A  wooden  structure,  consisting  of  several  thick- 
nesses of  boards,  separated  by  small  intervals,  for  the 

purpose  of  ascertaining  the  depth  of  penetration  of 
lullets. 

c.  A  frame  of  iron  and  wood,  representing  a  large 
section  of  armor-plating,  and  moored  in  position  for 
determining  the  destructive  power  of  shot,  aheU,  and 
given  charges  of  powder. 

d.  A  mound  or  earth  to  receive  the  bullets  in  the 
proof  of  gun-barrels. 

6.  {Shipbuilding.)  The  meeting  -  joint  of  two 
planks  in  a  stroke.  The  joint  between  two  strakes 
is  a  seam. 

7.  The  thick  part  of  an  ox-hide. 

8.  The  standing  portion  of  a  half-coupling  at  the 
end  of  a  hose. 

9.  The  shoulder-end  of  a  gun-stock  covered  with 
a  heel-plate. 

10.  A  lai^ge  cask  containing  126  wine  gallons. 
Butt-chain.    (Saddlery.)    A  short  chain  which 

reaches  from  the  leather  tug  to  the  single-tree,  to 
each  of  which  it  is  hooked. 

But'ter.  1.  (JVood-tvorHng.)  A  machine  for 
sawing  off  the  ends  of  boards,  to  render  them  square 
and  to  remove  faulty  portions. 

In  the  large  saw-muls  of  the  lumber-regions  dou- 
ble butters  are  used,  one  saw  being  permanent  and 
the  other  adjustable  by  a  spline  on  a  grooved  man- 
drel, to  adapt  it  for  boards  of  varying  lengths.  The 
boards  are  laid  upon  parallel,  traversing,  endless 
chains,  with  dogs  at  intervals. 

2.  See  Churn. 

Bufter-fly-oook.  A  valve  having  two  semi- 
circular wings  pivoted  on  a  central  ci-oss-bar.  A 
butterfly-valve. 


I 


A  double  clack-valve,  each 
Fig.  1000. 


Bmurfiy- Values. 


But'ter-fly-valva. 

leaf  of  which  is  hinged 
to  a  bar  crossing  the 
passage-way,  as  in  the 
examples  annexed. 

rt,    butterfly    pump- 
valve. 

ft,  butterfly  throttle- 
valve. 

But'ter-lfl.  (Farri- 
ery. )  '  A  knife  with  a 
bent  shank,  used  l5y  blacksmiths  to  pare  the  hoofo 
of  horses.  It  has  a  blade  like  a  chisel,  and  is  oper- 
ated by  a  thrust  movement,  the  handle  resting  against 
the  shoulder.  • 

The  term  is  probably  from  the  French  botUoir  ; 
Provincial,  botUavan.  Some  old  Roman  paring-im- 
plements of  iron  are  yet  extant. 

But'ter-mold.  (Husband^.)  An  implement  by 
which  pats  of  butter  of  a  given  size  are  snaped  and 
printed  for  market 

Butter-  Flg.lOOL 

tongs.  An 
implement  for 
cutting  and 
transferring 
pieces  of  but- 
ter. In  Fig. 
lOOltheblades 
are  attached  to 
shanks  which 
unite  in  a 
spring  coil,  so 
as  to  separate 
them  when 
not  in  actual 
use. 

But'ter-work'er.  (Hvuibandry.)  An  implement 


RtUer-  TangSi 


Fig.  1002 


Bmtef'Worker, 

for  pressing  and  rolling  butter  to  free  it  of  the  but- 
teiiuilk.     It  may  be  a  fluted  roller  working  in  a 


Fig.  1003 


Butter-  Worker. 


bowl  or  on  a  board,  or  a  conical  roller  on  a  slant- 
ing board  which  permits  the  buttermilk  to  run  off. 
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Butt-how^'el.  {Ooapering.)  A  howeling-adze 
used  by  coopers. 

Butt-hinge.  A  hinge  formed  of  two  plates  and 
interlocking  projecting  pieces  which  are  connected 

The  fru^-hinge  is  so  called  because,  instead  of 
fastening  on  the  faces  of  the  door  and  jamb  like  the 

n  Fig.  1001 
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Butt-Hin^e. 

ancient  hinges,  the  leaves  are  secured  to  the  door 
and  casing  at  points  which  abiU  upon  each  other. 

A  rising  buU  lb  one  in  which  the  leaf  attached  to 
the  door  ascends  as  the  door  is  opened,  an  incline 
on  one  leaf  climbing  on  the  incline  of  the  part  it 
rests  on,  so  as  to  give  to  the  door  a  tendency  to 
descend  and  close  in  so  doing. 

The  following  names  are  known  in  the  trade :  — 

Broad  butts. 
Narrow  butts. 
Loose-joint  butts. 
Reversible  butts. 
Shutter-butts. 


Wrought-butts. 
Table-butts. 
Fast-joint  butts. 
Acorn-tipped  butts. 
Congress-butts. 


Bat'tingrma-obine'.  A  machine  having  planing- 
cutters  on  the  face  of  a  disk-wheel,  and  used  for 
smoothing,  cornering,  or  rounding  the  ends  of  joists 

Fig.  1006 


Butthu[-Maehine. 

or  small  timbers  used  in  the  frames  of  agricultural 
implements,  etc.  The  stuff  is  laid  alongside  the 
fence  or  gage,  and  is  fed  up  endwise  to  the  cutter. 

Bnt'tmg-ring.      {Vehxde.)     A   collar   on    the 
axle  against  which  the  hub  InUtSf  and  which  limits 


Fig.  1006. 


Btuting-Ring. 


the  inward  movement  of  the  wheel,  as  the  linch-pin 
or  axle-niit  does  the  outward.  In  the  example,  a 
butting-flange  on  the  axle  enters  a  groove  in  the  in- 
ner end  of  the  box,  and  abuts  against  springs  whose 
elasticity  lessens  the  jar  when  the  wheel  plays  lon- 
gitudinaJl>b  on  its  spindle. 

But'ting-saw.  A  cross-cut  saw  attached  to  a 
stock  at  one  end,  and  used  for  butting  logs  on  the 
carriage  of  a  saw-mill.  Many  logs  are  brought  to 
the  mill  with  the  slanting  keif  given  by  the  axe  in 
felling  or  logging^  To  huU  a  log  is  to  cut  or  saw  it 
off  square  at  the  end,  so  that  it  may  lie  safely  upon 
the  rabbet  of  the  head-block  in  any  position,  an4 
be  readily  held  by  the  dogs.  The  action  of  this 
saw  is  that  of  a  cfro^-saw. 

Butt-joint.  A  joint  in  whith  the  pieces  come 
square  against  each  other,  endwise.  In  iron  work 
the  parts  are  welded,  and  the  term  is  used  in  con- 
tradistinction to  a  2ap-joint  or  weld. 

Buftock.  {^Shij)buMd%ng,)  The  rounded-in,  over- 
han^g  part  on  each  side  and  in  front  of  the  rudder ; 
terminating  beneath  by  merging  into  the  run. 

But'took-4in6a.  The  curves  shown  by  a  vertical 
longitudinal  section  of  the  after-part  of  a  ^ip*s 
hull,  parallel  to  the  keel.  A  similar  section  for- . 
ward  exhibits  the  bowAm&A,  and  a  continuous  sec- 
tion through  the  whole  length  of  the  ship  the 
buUock  and  how  lints. 

But'ton.  1.  A  small  circular  disk  or  knob  with 
a  shank  for  attachment  to  an  object,  and  forming,  in 
concert  witli  an  opening  in  another  object,  or 
another  side  of  the  same,  a  means  of  fastening  the 
two  together. 

The  ancient  modes  of  fastening  dresses  were  pins, 
brooches,  buckles,  and  tie-strings. 

Iron,  steel,  brass,  copper,  pewter,  lead,  gold,  sil- 
ver, horn,  shell,  pearl,  tortoise-shell,  ivory,  bone, 
hoofs,  hair,  silk,  cotton,  linen,  Florentine,  gutta- 
percha, india-rubber,  vulcanite,  amber,  velvet, 
cloth,  glass,  porcelain,  wood,  enamel,  jet,  com- 
pressed earth,  clay,  precious  stones,  are  among  the 
most  prominent  substances  employed  in  the  manu- 
'  facture  of  buttons. 

Buttons  of  brass  are  noticed  on  dresses  of  the 
tenth  century.  About  1670  the  metallic  button- 
manufacture  of  England  took  its  rise. 

A  manufactory  was  established  in  Birmingham, 

England,  1689,  and  that  city  still  maintains  a 

preeminence  in  this  manufacture,  as  in  so  many  others, 

employing  no  less  than  4,981  persons  in  this  branch 

of  industry  alone,  according  to  the  census  of  1851. 

Metallic  buttons  with  snanks  are  usually  made, 
bv  punching  the  disks  fonuing  their  faces  out  of  a ' 
plate  of  sheet  brass  containing  less  zinc  than  com- 
mon brass ;  the  edges  of  the  disks  are  afterwards 
trimmed   to  remove  the   bur,  and   their  faces  are 
planished  under  the  action  of  a  hammer. 

The  maker's  name  is  stam^  on  the  back  and  the 
face  embossed  at  one  operation,  by  means  of  cameo 
and  intaglio  dies. 

The  shanks  are  made  of  wire  bv  a  machine ;  a 
shears  cuts  off  a  piece  of  suitable  length  from  the 
coil ;  a  stud  then  presses  against  the  middle  of  the 
cut  piece,  and  forces  it  between  the  jaws  of  a  vice, 
which  give  it  a  staple-like  form,  compressing  it  so 
as  to  form  the  eye  of  the  shank ;  it  is  then  struck 
by  a  small  hammer,  which  makes  it  level,  and 
another  movement  drops  it  into  a  box. 

The  shanks  are  then  placed  in  their  proper  posi- 
tions on  the  disks,  being  retained  by  a  bent,  flat 
strip  of  iron,  a  piece  of  solder  being  placed  at  the 
foot  of  each  shank*.  A  hundred  or  more  are  then 
put  on  an  iron  plate  and  heated  in  an  oven  until 
the  solder  melts,  fixing  the  shank  and  forming  a 
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backing  to  the  button.  They  are  then  turned  sepa- 
rately  m  a  lathe  adapted  for  the  purpose,  and,  if  de- 
sired, gilt,  which  operation  was,  previous  to  the 
electro-plating  process  being  perfected,  performed  by 
coating  the  brass  disk  with  an  amalgam  of  mercury 
and  gold,  the  former  of  which  was  afterward  driven 
off  by  heat. 

When  the  face  only  is  gilt,  the  buttons  are  tech- 
nically known  as  tops,  but  when  gilding  is  applied 
to  the  whole  surface  they  are  termeil  all-overs. 
The  gilding,  though  extremely  thin,  admits  of  being 
brightly  polished  by  means  of  an  agate  or  blood- 
stone burnisher. 

Gilt  buttons  first  made  by  Taylor,  of  Birming- 
ham, England,  1768.    Manufacture  improved,  1790. 

Metallic  buttons  Vithout  slianks  are  formed  by 
stamping;  those  of  wood,  bone,  etc.,  are  turned  ; 
the  holes,  of  which  there  may  be  two  or  four  for  at- 
taching the  button  to  the  garment,  are  drilled  while 
the  button  is  in  the  lathe  by  means  of  four  long 
drills  convei^ng  toward  the  button,  forming  all  four 
of  the  holes  at  once. 

Cast  buttons  are  made  by  taking  a  lai^  number 
of  impressions  in  a  mold  and  inserting  in  each  the 
loon  of  metal,  whose  expanded  ends  project  into  the 
mold  and  are  surrounded  by  the  metal  of  the  button. 
The  buttons,  being  cleaned  from  the  sand,  are  chucked 
and  turned,  when  they  may  be  tinned,  silvered,  or 
gilded,  as  required. 

Papier-macli^  buttons  were  made  in  1778. 

Mother-of-)>earl  buttons  are  cut  out  of  the  shell 
by  means  of  a  small  cylindrical  saw.  The  disks  are 
turned  in  a  lathe,  and  if  the  shell  be  sufficiently 
thick  it  is  split  so  as  to  form  two  buttons.  A  dove- 
tail hole  is  urilled  for  the  shank,  which  is.  fixed  by 
a  slight  blow  with  a  hammer,  its  lower  part  ex- 
panding into  the  dovetail,  so  as  to  prevent  its  being 
readily  withdrawn.  The  ornamental  flutings  and 
corrugations  when  present  are  formed  in  the  lathe 
by  means  of  an  eccentric  chuck  and  slide-rest. 

A  number  of  patents  for  making  covered  buttons, 
which  are  in  sucn  extensive  use  for  outer  garments, 
have  been  taken  out  in  England  since  the  firat 
patent  of  Sanders  in  1809 ;  but  the  general  prin- 
ciples of  construction  of  the  more  important  kinds 
mav  be  reduced  to  two :  in  one  of  these  a  metallic 
disk  or  shell  is  stamped  out  of  thin  sheet-iron,  for 
the  face  part,  and  a  smaller  di3k  or  collelf  having  a 
perforation  for  the  shank  to  pass  through,  is 
stamped  out  in  like  manner  for  the  back.   A  circular 

Siece  of  the  textile  fabric  to  be  used  is  cut  out  by  a 
ie,  and  a  pad  of  similar  shape,  commonly  made  of 
soft  paper,  silk,  and  thread  is  formed,  which  fills  up 
the  vacant  space  between  the  two  metallic  disks. 
The  Darts  —  namely,  the  two  disks,  the  pad  and  the 
circular  piece  of  linen,  silk,  or  other  material  forming 
the  face  —  ofe  united  to  constitute  the  finished  but- 
ton by  means  of  a  stamping-press  and  appropriate 
convex  and  concave  dies.  Tne  sliank,  of  soft  mate- 
rial through  which  a  needle  can  be  passed,  protrudes 
at  back  through  the  aperture  in  the  collet. 

In  the  other  plan,  the  disk  for  the  body  is  left 
fiat,  and  the  back  piece  is  a  sin  all  circular  disk  with 
a  round  hole  in  its  center,  and  having  its  edge  cut 
into  eight  sharp  triangular  points,  which  are  so 
bent  as  to  form  nearly  a  right  angle  with  the  disk, 
inclininp^  slightly  inward.  To  complete  the  button 
three  pieces  of  paper  and  two  pieces  of  cloth  are 
necessary,  which  are  arranged  in  the  following  man- 
ner. 

On  the  piece  of  cloth  forming  the  outer  covering 
is  laid  a  piece  of  |ia|)cr  of  the  some  size,  upon  which 
is  placed  the  iron  disk  forming  the  body  ;  on  this  is 
another  piece  of  paper  the  same  size  as  the  body  : 


Fig.  1007. 


on  this  is  a  small  pellet  of  paper  to  help  form  the 
shank ;  a  piece  of  coarse  cloth  is  laid  on  this,  and 
the  metallic  back  placed  over  it.  In  putting  on  the 
back,  the  cloth  is  gathered  up  over  the  whole  of  the 
materials  and  the  points  of  the  back  pressed  into 
the  cloth ;  as-  these  are  bent  slightly  inward,  the 
pressure  icauses  them  to  bend  still  more  as  thev 
enter  the  cloth,  forming  eight  little  hooks,  which 
hold  the  button  together  in  a  neat  and  effectual 
manner ;  the  paper  pellet  causes  the  cloth  to  pro- 
trude through  tne  hole  .in  the  back,  forming  the 
cloth  sliank  by  which  the  button  is  sewed  to  the 
coat. 

Fig.  1007  shows  two  forms  of 
self-tastening  buttons,  having 
screws  which  pass  from  ihe  rear 
of  the  material  into  the  shanks. 

2.  (Carpentry.)  A  small 
piece  of  wood  or  metal,  swiveled 
by  a  screw  through  the  .middle, 
and  used  as  a  fastening  for  a 
door  or  gate. 

A  knob  on  a  sliding-bolt. 

3.  {Metallurgy.)     A  globule 
of  metal  remaining  in  the  cupel  Self-Fastening  BuUtnu. 
after  fusion. 

Bnt'ton-brace.  A  tool  for  making  bnttona. 
The  handle  is  like  the  common  brace ;  the  bit  lias  cut- 
ters, but  no  router,  and  removes  a  circular  blank  or 
planchet  of  bone,  pearl,  wood,  or  whatever  the  ma- 
terial may  be  ;  an  annular  bit  operating  like  a  crown- 
saw  or  trephine. 

But'ton-hole  Cuf  ter.  A  device  on  the  shears 
principle,  specially  adapted  for  cutting  button-holes ; 
the  variations  in  construction  principally  relate  to 
means  for  adjusting  the  length  of  the  cut,  and  its 
angle  with  the  edge  of  the  cloth. 

In  Fig.  1008,  the  cutter  d  m&y  be  approached 
toward  tne  center  of  motion,  so  as  to  cut  its  whole 

Fig  1008. 


Button-Hole  CuUer. 

length,  or  projected  outvrardly  so  that  its  edge  may 
only  imrtially  bear  against  the  jaw  a,  to  make  a 
shorter  cut 

Bnf  ton-hole  Bewlng-machine.  In  work- 
ing button-holes  by  machinery,  it  is  common  for  the 
perforating-needle  to  descend  first  through  the  ma- 
terial back  from  the  slit,  and  then  through  the 
slit,  or  else  a  thread  may  be  carried  from  the  under 
side  up  over  the  edge  of  the  material,  and  be  locked 
by  the  needle  in  its  next  descent.  The  needle  may 
be  made  to  descend  through  the  material  and  through 
the  slit,  by  moving  the  material  laterally,  as  well  as 
forward  by  the  feed,  as  in  patent  to  Miller,  March 
7,  1854  ;  or  the  needle-carrying  box  may  be  moved 
laterally  after  each  stitch,  by  means  of  a  cam,  as  in 
patent  to  Humphrey,  October  7,  1862.  Tlie  needle- 
thread  is  locked  at  each  descent  by  a  second  thread 
carried  by  either  a  looper  or  a  shuttle.  In  patent  to 
Sleiner,  June  19,  1860,  the  needle  and  shuttle  oper- 
ate as  in  an  ordinary  machine,  but  after  the  shuttle 
has  passed  through  the  loop  of  needle-thread,  a  hook 
catches  its  thread  and  passes  it  in  the  form  of  a  loop 
up  through  the  button-nole  slit  and  spreads  it  in  the 
path  of,  and  the  needle  enters  it  at  its  next  descent. 
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In  patent  to  Rehfuss,  May  23,  1865,  the  needle  de- 
scends through  the  material  back  from  the  slit,  a 
looper  passes  its  thread  through  the  loop  of  needle- 
thread,  and  then  passes  up  through  the  slit,  where 
its  loop  is  caught  oy  a  hook,  and  spread  in  the  path 
of  the  needle,  which  enters  it  at  its  next  descent. 
Other  methods  of  working  button-holes  have  been 
attempted,  but  not  found  practicable. 
Button-hole  Shears.     A  scissors  having  an 
adjustability      for 
Pig.  1009.  length  of  cut,  for 

the  purpose  of  cut- 
ting button-holes. 
In  one  example,  a 
—y  set  screw  on    one 
\y  part  of  the  shears 
bears     against     a 
washer  on  the  oth- 
er portion,  to  regu- 
late the  relative  lat- 
Buttoi^HoU  CHtu>.       ,      eral  adjustment  of 
the  two  parts. 
In  the  other  example,  the  button-hole  cutter  is  at- 
tached to  the  shank  of  the  shears. 

Fig.  1010. 


BtUtoH^HoU  Skean, 

But'ton-hook.  A  hook  for  grasping  a  button 
below  the  head,  in  order  to  draw  it  through  the  but- 
ton-hole and  fasten  it. 

Button  Key  or  Fas'ten-er.  A  spring  loop, 
the  free  ends  of  which,  being  jiassed  through  the 
shank  of  a  button,  expand  so  as  to  hold  the  loop  in 
position  and  keep  the  Dutton  in  place.  A  piece  of 
coiled  wire,  making  two  or  more  tums^  is  also  used 
for  this  purpose. 

But'ton-lathe.  A  machine  for  cutting .  round 
disks  for  buttons.  The  material  consists  of  plates  of 
horn,  bone,  ivory,  wood,  mother-of-pearl,  etc    The 

rig.  1011. 


stuff,  and  the  wings  make  a  circular  cut,  cutting  out 
a  disk  of  the  material,  which  is  advanced  to  the  cut- 
ter by  a  sliding  bar  in  the  back  poppet-head. 

In  the  example,  the  moving  jaw  of  the  clutch  is 
forced  against  the  blank  by  a  spring,  and  drawn 
back  by  depression  of  the  treadle.  The  bits  are 
brought  singly  auTl  alternately  against  the  blank, 
being  moved  thereto  by  the  bell -crank  hand-lever. 
■  Button-loom.  (  Weavimg.)  A  loom  for  weav- 
ing button-blank  coverings. 

Bufton-mold.  A  disk  of  bone,  wood,  or  metal, 
to  be  covered  with  fabric  to  form  a  button. 

But'ton  Riv'et-ing-ma-chine'.  A  tool  for 
fastening  buttons  to  garments  by  swaging  down  on 
the  back  of  the  washer  the  end  of  the  rivet  which 
forma  the  shank  of  the  button.     In  the  example  the 

Pig.  1012. 
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cutter  is  like  a  center-bit,  except  that  both  of  the 
wings  are  cutters^  and  not  one  of  them  a  router. 
The  tool  revolving,  the  center-pin  transfixes  tie 


BiUton-Rweting  Prtst. 

plunger  is  pointed,  rotates  as  it  descends,  and  spreads 
the  end  of  the  rivet.  A  sleeve  on  the  plunger  fits 
the  hollow  in  the  face  of  the  button,  and  the  flanged 
head  of  the  rivet  is  bent  over  toward  the  fabric, 
which  is  thereby  clamped  against  the  convexity  of 
the  button'. 

Bufton-tooL  A  tool  for  cutting  out  buttons  or 
cii-cular  blanks   therefor.      An  annular  bit.      See 

Bt'TTON-LATHE. 

Buftreas.  1.  {Masmiry.)  a.  A  pier  or  lean-to 
pillar  on  the  exterior  of  a  wall,  to  enable  it  to  with- 
stand an  interior  thrust,  as  in  the  case  of  a  retaining 
or  breast  wall. 

b.  A  flying  buttress  is  one  which  is  in  the  form  of 

a  section  of  an  arch,  springing  from  a  wall  or  pillar. 

2.  {Foriijieatwii.)     A  counterfort  or  sustaining 

wall  or  pillar,  built  against  and  at  right 

angles  to  the  wall  to  which  it  forms  a  re- 

avetment.     See  Counterfort. 
Butt-weld.     {Forging.)     A  weld  in 
which  the  edges  are  square-butted  and 
jammed   against   each    other,   and  then 
welded.     A  jwnp-ioeld. 

IButst-ma.'w.  Another  name  for  the  cir- 
cular saw,  derived  from  the  buzz  or  hum 
incident  to  the  high  speed  at  which  it  is 
run.     See  Circular  Saw. 

By'ard.     {Mining.)    A  leather  breast- 
strap  used  by  miners  in  hauling  the  wagons  . 
in  coal-mines. 

Bye-vrash.    {Hydraulic  Engineering,) 
a.  A  channel  to  divert  past  a  reservoir 
water  of  streams  which  would  otherwise 
flow   with    it,  and  which  are  impure  or 
otherwise  undesirable.     Called  also  a  di- 
versioii-ciU. 
b.  The  outlet  of  water  from  a  dam.     A  tcaste. 
Bjra'aa.    {Firc-anns.)    An  ancient  form  of  can- 
non for  throwing  stones. 
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CaanL  The  weaver's  reed,  *Tlie  aUy  or  slaie. 
Oaamiiuj,  the  scUiiuj  of  the  reed  by  the  disposing  of 
the  warp- threads. 

Cab.  1.  A  two  or  four  wheeled,  one-horse,  closed 
vehicle,  adapted  to  seat  two  jiersons  inside,  and  hav- 
ing an  elevated  seat  for  the  driver  in  front.  The 
hnhson-cab  lias  a  seat  behind  for  the  driver.  The 
cab  of  Pickwick's  time  had  two  wheels  and  an  out- 

In  the 
the 


side  seat  on  the  riglit  side,  over  tlie  wheel.     In  1 
one  shown,  the  driver's  seat  behind  the  body  of  i 


cab  rests  on  a  spring,  and  is  sunported  on  the  rear 
extension  of  the  frame  of  the  venicle.  It  has  a  sup- 
plementary seat  next  the  dash-board,  and  also  an 
opening  in  the  back  of  the  cover  to  permit  communi- 
cation between  the  driver  and  passenger. 

Cabs  were  introduced  into  Loudon  for  hire,  1828. 
Fifty  were  first  started ;  there  are  now  7,000  in  that 
city. 

2.  The  covered  part  in  front  of  a  locomotive  which 

1>rotects  the  engineer  and  fireman,  aud  shields  the 
evers,  etc. 

Cabl)!!!!!;.   (MetcUlurgy, )   A  process  of  breaking 
up  pieces  of  flat  iron,  to  be  fagoted,  reheated,  and 
rolled. 
The  series  of  processes  are  as  follows :  — 

1.  The  pig-iron  is  treate<l  in  a  refining-fnmace. 

2.  The  loop  is  foi*ged. 

3.  Melted  in  contact  with  charcoal,  and  worked 
with  a  rabble. 

4.  Tilled;  making  a  flat,  oval  plate. 

5.  Cobbled ;  .ih&t  is,  broken  up  into  pieces. 

6.  Fagoted. 

7.  Reheated  in  a  reverberatory  furnace. 

8.  Hammered. 

9.  Rolled. 

Ca-be'ca.  (Fabric.)  The  finest  kinds  of  India 
silk,  as  distinguished  from  the  bariga,  or  inferior 
kind.     Oabesse. 

Cabl-net-file.  A  snK>oth,  single-cut  flle,  used 
in  wood-working,  especially  by  furniture-makers  and 
joiners. 

Cabl-net-or'gan.  (Music.)  A  superior  class 
aud  size  of  reed  organ. 

Ca'ble.  1.  The  strongest  kind  of  rop,  chain,  or 
cluster  of  wires  designed  for  holding  a  ship  at  anchor, 
for  supporting  the  i\)adway  of  a  suspension -bridge, 
for  mooring,  warping,  and  for  other  purposes. 


Cables  for  supporting  sus|ieiision-bridge8  were 
formerly  made  of  a  number  ot  wire  ropes,  each  of 
which  consisted  of  wire  twisted  into  strands.  Sus- 
pension-bridge cables  are  now  made  of  separately 
stretched  steel  wii'es,  each  of  which  is  brought  to  a 
certain  strain,  and  the  bunch  bound  up  into  a  cable, 
wrapped,  parceled,  and  then  served  with  wire  and 
painted. 

Submarine  cables  for  telegraphic  purposes  have 
an  interior  core  of  copper  wire  sun-ounded  by  wires 
twisted  after  the  manner'of  a  rojie,  the  whole  being 
protected  by  a  non-conducting  waterproof  coating 
of  gutta-percha  or  india-rubber. 

A  large  cable-laid  rope  is  thus  made  :  — 

Heinp  is  laid  up  rigr^handed  into  yao'Tta. 

Yams  are  laid  up  left-handed  into  strands. 

Three  strands  are  laid  up  right-handed  into  a 
hawser. 

Three  hawsers  laid  up  left-handed  make  a  cable. 

See  Rope. 

Below  ten  inches  in  circumference,  a  rope  is  called 
a  hawser. 

Cables  or  ropes  are  — 

Served ;  bound  with  rope,  marline,  or  other  small 
stufl*,  to  prevent  diating. 

Spliced;  united  by  working  the  yams  or  strands 
of  the  two  portions  together.  * 

Parceled ;  wiup[)ed  with  tarred  canvas. 

IVonned  ;  having  the  spiral  crevices  between  the 
lays  filled  with  strands ;  usually  a  preliminaiy  to 
serving. 

A  caJbUts  length  is  120  fathoms  =  720  feet. 

A  stream  cable  is  a  hawser  for  mooring. 

To  bU  the  cable,  is  to  wind  it  around  the  bitts. 

To  buoy  the  cable,  is  to  support  it  by  floats  which 
keep  it  clear  of  the  ground  in  a  rocky  anchorage. 

To  coil  the  cable,  is  to  dispose  it  in  helical  tiers. 

To  cut  the  cable,  is  to  sever  it  by  an  axe,  or  by 
unshackling,  in  chib-haulhig  or  to  save  the  time 
necessary  for  weighing. 

To  drag  the  cable,  is  to  haul  it  in  the  wake  of  the 
vessel. . 

To  fleet  the  cable,  is  to  allow  it  to  sui^ge  back  on 
the  whelps  of  the  capstan  or  windlass,  as  the  cable 
climbs  on  to  the  larger  i>art  of  the  cone. 

To  heave  the  cable,  is  to  haul  in  aboard.* 

To  nip  the  cable,  is  to  stop  the  running  out  by  a 
pinchiug-roi»e,  clam]),  or  lever. 

To  pay  out,  is  to  allow  the  cable  to  run  out. 

To  serve  the  cable,  is  to  wrap  it  with  ropes  to  keep 
it  from  being  chafed. 

To  slip  the  cable,  Is  to  let  it  ran  clear  out,  thus 
losing  £he  cable. 

To  stopper,  to  fasten  to  the  bitts. 

To  unbend,  to  detach  from  the  anchor. 

To  underrun  ;  with  hemixsn  hawsers,  to  take  on 
board  on  one  side  of  a  boat  and  \tay  out  on  the  other, 
examining  and  cleansing. 

To  veer  a  cable,  to  allow  it  to  run  out,  keeping 
command  over  it. 

A  A:i)iit  is  a  short  turn  in  a  cable  which  prevents 
its  running  through  the  hawse-hole. 

Ships*  cables  were  anciently  made  of  flax,  papyrus, 
or  spartium  ;  more  lately  of  hemp  or  coir,  out  now 
usually  of  iron  links. 

A  hempen  cable  of  12  inches  girth  aud  120  fath- 
oms (720  feet)  long,  weighs  3,075  tK>unds. 

The  weight  of  a  hempen  cable  (120  fathoms)  may 
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be  ascertained  by  multiplying  the  s<][aare  of  the 
ffirth  in  inches  by  21.  The  product  is  the  weight 
m  pounds,  nearly. 

The  breaking-strain  may  be  found  by  dividing 
the  weight  in  pounds  by  100  ;  this  gives  the  break- 
ing-strain in  tons. 

2.  A  molding  representing  a  cable  or  spiral  scroll. 

Ca'ble-bnoy.  (NaiUiccU.)  A  floating  object 
secured  by  a  rope  to  an  anchor,  to  denote  the  posi- 
tion of  the  latter. 

Ca'ble-grlp'per.  A  lever  compressor  over  the 
cable- well,  and  by  which  the  cable  is  stopped  from 
funning  out. 

GftlMe-hook.  1.  A  hook  for  attachment  to  the 
messenffer  bv  which  the  cable  is  hauled  in  on  a  man- 
of-war,  or  ottier  ship  having  a  lai-ge  number  of  hands, 
without  having  recourse  to  the  ca^istan.  It  may  also 
be  attached  to  a  hawser,  for  undeminninc  the  cable. 

2.  A  hook  by  which  the  cable  is  handled.  Each 
seaman  has  a  hook  in  lighting -up  the  cable  or  pack- 
ing in  tiers. 

Ca'ble-lald.  Heavy  rope,  laid  up  cable-wise. 
See  Cable. 

Ca'ble-mold'ing.  A  bead  or  torus  molding,  cut 
in  imitation  of  the  twisting  of  a  rope,  much  used  in 
the  later  period  of  the  Norman  style. 

Ca'ble-nip'per.  {NaiUical.) "  A  device  aervine 
to  bind  the  viesse^iger  to  the  cable,  and  comiK>6ed 
of  a  number  of  rope-yams  or  small  stuif  marled  to- 
gether. 

Ca'ble-ahackle.  A  D-shaped  ring  or  clevis,  by 
which  one  length  of  cable  is  connected  to  another, 
or,  upon  occasion,  the  cable  connected  to  an  object, 
such  as  the  anchor-ring. 

Ca'ble-stop'per.  {NaiUical.)  A  device  to  stop 
the  paying  out  of  the  cable.      In  the  example,  a 
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pair  of  laws  slide  on  the  rail,  being  moved  simul- 
taneously by  an  eccentrically  slotted  wheel  and  a 
lever. 

The  rope  is  passed  around  the  pin  and  clamped 
by  both  jaws. 

Ca'ble-tier.  (NaiUical.)  a.  A  coil  of  a  cable. 
A  fake ;  one  layer  of  cable  as  it  lies  in  a  tier. 

h.  A  cable-locker. 

Gambling.  (ArchiUcture.)  A  .  round  molding, 
frequently  used  in  the  flutes  of  columns,  pilasters, 
etc. 

Ca-boose'.  1.  (Nautical.)  A  small  house  on 
deck  in  which  the  cooking  is  done  on  a  merchant- 
vessel. 

2.  {Railway  Engineering.)  A  car  attached  to 
the  rear  of  a  freight  train,  fitted  up  for  the  accom- 
modation of  the  conductor,  brakemen,  and  chance 
passengers. 

CaVri-o-let'.  A  vehicle  for  hire  introduced 
from  France  into  England  in  1823.  Shortened  into 
cab  (which  see). 

Cab'om.  (Nautical.)  Spun  rope-yam  for  sefs- 
itiy,  tvorraing^  and  similar  uses. 


Ca-ca'o-mill.  A  mill  for  grinding  the  nut  of 
the  tkeobrtytna  cacao,  to  reduce  it  to  the  condition 
of  flake  cacao.  It  differs  fi-om  chocolate  in  being 
ground  with  a  portion  of  its  hull,  instead  of  being 
carefully  hulled  before  grinding.  It  is  mixed  in 
the  hopper  with  flour,  sugar,  etc.,  and  passed 
through  a  number  of  steel  mills  resembling  paint- 
mills,  by  which  the  nut  is  reduced  and  the  in- 
gredients intimately  incorporated  therewith  by 
means  of  friction,  heat,  and  the  oil  evolved  from  the 
nut. 

The  ThedbroTna  cacao,  "Food  for  the  gods,"  so 
named  by  Linnaeus,  from  which  cacao,  broma,  and 
chocolate  are  made,  is  grown  in  Camccas,  in  the 
sheltered  valleys,  600  feet  above  the  level  of  the 
sea.  The  Mexican  name  is  cacauatl.  The  ti-ee  is 
20  feet  in  hight,  and  frequently  planted  with  in- 
termediate rows  of  coffee-trees,  to  shelter  the  young 
cacao-trees  fi-om  the  scorching  heat  The  crops  are 
gathered  in  December  and  June,  and  a  well-bearing 
tree  will  produce  from  20  to  30  pods,  which  are 
gathered  in  a  period  of  three  weeks  or  so,  as  they 
turn  yellow.  After  being  allowed  to  lie  in  heaps 
for  a  time  to  farther  ripen,  the  pods  are  opened,  the 
pulp  removed,  and  the  beans  spread  on  mats  in  the 
sun.  As  they  dry,  each  obtains  a  hard,  thin  skin, 
and  is  of  the  size  of  a  kidney  bean.  The  next  pro- 
cesses are  those  of  the  manufacturer,  who  com- 
mences by  roasting  the  nuts  and  removing  the  husks. 

Ca-cha-ra'do.  (Fabric.)  A  kind  of  Spanish 
linen. 

Ca-dene'.  A  common  kind  of  carpet,  imported 
from  the  Levant. 

Cad'mi-um.  Equivalent,  56 ;  symbol,  Cd.  ; 
specific  gravity,  8.65 ;  fusing-|)oint,  450"  F.  A 
white  metal  resembling  tin  in  appearance  and  zinc 
in  properties. 

Its  use  is  as  an  ingredient  in  alloys. 

Cad'rans.  An  instrument  for  measuring  the  an- 
gles in  cutting  and  polishing  gems.     See  Angulom- 

ETER. 

Caffa.  (Fabric. )  A  kind  of  painted  cloth  goods 
manufactured  in  India. 

Cag.  A  small  cask  used  for  packing  herrings  and 
other  provisions.     A  keg. 

Caga  1.  Tlie  prison  of  a  bird  or  other  animal. 
It  is  usually  made  of  wire,  sometimes  of  wicker,  slats, 
splints,  or  strips  of  metal. 

Fig.  1015. 
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Those  for  squirrels  or  -mice  have  usually  a  donni- 
tory  at  one  end,  and  a  cylinder  in  which  the  animal 
is  supposed  to  amuse  himself  by  running  without 
^fl^lfing  any  progress.     In  the  example,  the  Imrs  of 

Fig.  1016. 


8quirrel-0age. 

the  tread- wheel  are  made  by  cutting  slots  in  a  sheet 
of  metal  subsequently  bent  to  a  cyUndrical  shape. 

2.  {Mining.)  a.  The  platform  on  which  trundles  or 
hutches  are  raised  or  lowered  in  a  shaft. 

In  coal-mining,  the  hutches  or  low- wheel  cars  are 
loaded  and  brought  to  the  foot  of  the  shaft,  where 
from  one  to  four  are  placed  on  the  cage  to  be  ele- 
vated. Arrived  at  the  top,  the  cage  rests  on  the 
folding-boards,  which  open  before  it  and  then  shut 
automa.tically  beneath  it.  The  hutcJies  are  then  run 
off,  dumped,  and  returned  to  the  cage,  to  be  lowered 
again.     »ee  Hoi»tino-machine. 

Provision  is  made  to  stop  the  cage,  in  case  of  the 
breaking  of  the  hoisting-rope,  and  ^so  to  prevent  its 
over-winding. 

The  safety-cage  shown  in  Fig.  1017  runson vertical 
^des,  and  has  a  cover  to  protect  the  men  from  fall- 
ing objects.  It  has  a  spring/,  which  bears  down  the 
rod  e  to  which  the  rope  is  attached.     In  case  the 

Fig  1017. 


hoisting-rope  breaks,  the  spring  forces  apart  the  two 
jaws  c  Cf  whose  claws  eaten  into  the  wooden  guide- 


bars  d  dj  and  arrest  the  downward  course  of  the  ca^ 
b  b  are  coal-hutehes  on  the  platforms  a  a  of  the  cage, 
and  the  illustration  shows  the  rope  as  broken  and 
the  descent  arrested. 

b.  The  trundle-wheel  of  a  whin  on  which  the  rope 
is  wound.     Also  called  a  drum  or  a  tumtree, 

3.  (Machinery.)  a.  A  skeleton  frame  to  confine 
a  ball- valve  within  a  certain  range  of  motion. 

b.  A  wire  guard  placed  over  an  eduction-opening, 
to  allow  liquid  to  pass,  but  restrain  the  passage  of 
solids! 

4.  {Carpentry.)  An  outer  work  of  timber  for  in- 
closing another  work,  as  the 

cage  of  stairs.  Fig  1018. 

5.  For  microscopic  objects 
in  water,  a  cup  havmg  a  glass 
bottom  and  cover,  between 
which  a  di-op  of  water  con- 
taining animalcuhe,  or  other 
minute  objects,  is  placed  for  ,  AnimakuU'Cuge. 
microscopic  examination,  in 

order  to  prevent  their  escaping  beyond  the  focus  of 
the  microscope. 

Ca-hier'.  {Bookbinding.)  A  pile  of  gathered 
sheets  ;  the  successive  numbers  of  a  serial.. 

Ca-ique'.    A  boat  used  on  the  Bosphorus. 

Cais'son.  1.  A  carriage  accompanying  a  field- 
piece  to  carry  ammunition,  and  participating  with 
it  in  its  maneuvers,  forming  in  line  in  the  r6ar  of 
its  piece  when  the  latter  is  in  action.  The  name 
caisson  is  also  applied  to  an  ammunition-chest. 
See  Gun-carriage. 

2.  A  water-tight  structure  or  bag  placed  beneath 
a  sunken  vessel,  and  then  either  supplied  with  air 
by  pumping  out  the  water  and  allowing  air  to  enter, 
or  distend^  by  air  from  an  air-pump,  so  as  to  assist 
in  floating  the  vessel. 

3.  A  water-tight  box  or  casing  used  in  founding 
and  building  structures  in  water  too  deep  for  the 
coffer-dam  ;  such  as  piers  of  bridges,  quays,  ete. 

The. caissons  employed  in  building  the  piers  of 
the  railroad  bridge  over  the  Susquehanna  at  Havre 
de  Grace,  Md.,  are  an  example  of  the  use  in  the 
first-mentioned  capacity. 

Caissons  resting  upon  a  river-bed  subject  to  wash- 
ing have  proved  to  be  un-  pj    j^jg 
safe,    as   was    evinced    at 


Westminster  Bridge,  where  .,»-^   ^-pl    iI  7     L  ,,_. 
the  caisson  was  undermined         iirVThi|  |icf  ^rVup"^^ 

n  0  n  OmH  n 
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by  the  current ;  the  struc-^ 
ture  was  saved  by  sheet-" 
piling  and  underpinning. 

The  plan  adopted  by 
Peronnet  and  other  emi- 
nent French  architecte  was 
to  drive  a  substratum  of  ' 
piles,  which  were  sawn  off 
to  a  level  surface,  forming  a  ■ 
foundation  for  the  structuiv 
which  settled  the  caisson 
on  ite  bed  of  piles  as  the 
masonry  progressed.  For 
the  purpose  of  securing  the 
coincidence  of  the  caisson  and  its  bed  of  piles,  one 
of  the  latter  was  allowed  to  project  upwardly,  as 
high  as  the  top  of  the  caisson,  oibcupying  a  well  or 
water-tight  curb  which  was  open  at  each  end.  The 
long  pile  formed  a  guide,  causing  the  caisson  to 
settle  correctly  into  position.  The  guide-pile  has 
been  occasionally  used,  but  is  by  no  means  a  neces- 
saryfeature  of  the  work. 

When  the  work  is  concluded,  the  sides  of  the 
caisson  are  knocked  away,  leaving  the  pier  in  posi- 
tion, as  .shown  in  the  illustration. 
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a  represents  the  sinking  of  the  caisson. 

hy  the  pier  on  its  foundation. 

The  caissons  used  by  De  Cessart  in  1757  for  the 
piers  of  the  bridge  at  Saumur  were  sunk  upon  a 
foundation  of  piles,  the  heads  of  which  were  pre- 
viously cut  off  to  a  level  of  about  six  feet  below  the 
water-surface.  Each  caisson  was  48  x  20  feet,  the 
ends  beiuK  pointed  and  the  sides  removable,  so  that 
they  could  oe  used  with  another  bottom  after  the 
masonry  was  laid  nearly  to  the  water-line.  The 
bottom  had  a  floor  of  lower  beams  laid  side  by  side, 
and  planks  14  mches  thick,  and  the  frame  tim- 
bers were  rabbeted  to  receive  the  uprights  of  the 
sides,  which  were  secured  to  the  bottom  framing  by 
dovetails  and  wedges,  so  that,  the  latter  being  with- 
drawn, the  sides  were  disconnected. 

The  sides  were  16  feet  high,  of  scantling  laid 
on  edge  and  maintained  in  position  by  uprights, 
secured  by  struts  and  overhead  braces,  so  as  to  resist 
the  pressure  of  the  water,  and  also  by  lap-joints  and 
upri£;hts  at  the  angles  of  the  caisson,  the  whole 
carenilly  calked.  The  caisson  was  built  on  the  bank 
of  the  river  upon  piles  cut  to  thi-ee  different  bights 
above  the  water ;  by  blocking  up,  its  bottom  was 
kept  level  while  building,  and  by  removing  these 
blocks,  and  with  the  aid  of  jacks,  it  was  tilted  so 
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as  to  slide  readily  into  the  water,  when  it  was  towed 
into  position,  and  the  masonry  laid  until  it  sunk 
squarely  on  the  heads  of  the  piles  previously  driven 
for  its  reception. 

The  modem  or  pneumatic  caisson,  which  is  sunk 
through  quicksands  or  submerged  earth  or  rock,  is 
the  invention  of  M.  Triger,  who  contrived  by  the 
aid  of  air-pumps  to  keep  the  water  expelled  from 
the  sheet-iron  cylinders,  which  he  sunk  through 
quicksands  in  reaching  the  coal-measures  in  the 
vicinity  of  the  river  Loire,  in  France. 

The  seams  of  coal  in  this  district  of  France  lie 
under  a  stratum  of  quicksand  from  58  to  66  feet 
thick,  and  they  had  been  found  to  be  inaccessible 
by  all  the  ordinary  modes  of  mining  previously 
practiced. 

Fig.  1021  illustrates  the  caisson  of  M.  Triger,  and 
shows  the  comparatively  simple  form  which  the 
apparatus  assumed  when  used  for  sinking  a  simple 
snaft  through  a  water-bearing  stratum  above  the 
coal.  Air  is  forced  in  through  the  pipe  A  to  the 
working-chamber  B^  which  has  a  man-hole  in  the 
floor  above.  C  is  the  middle  chamber,  which  has 
also  a  man-hole  in  its  ceiling.  Disz.  pipe  by  which 
sand  and  water  are  ejected  from  diamber  B,  under 
the  pressure  of  the  condensed  air  in  the  latter.  The 
pressure  of  air  in  chamber  B  being  such  as  to  ex- 
clude the  water,  the  workman  descends  through  the 
man-hole  in  the  floor  of  chamber  E  and  clases  the 
door  behind  him.  Admitting  air  from  chamber  B 
until  the  pressure  is  equal  in  the  two,  he  opens  the 
door  in  the  floor  of  chamber  C  and  descends  to  his 
work.     The    buckets    are    similarly   managed,   the 


middle  chamber  C,  acting  as  the  means  of  communi- 
cation, being  filled  with  air  at  normal  pressure,  or 
with  compressed  air,  according  as  it  is  in  communi- 
cation with  the  open  air  of  chamber  E  or  the  con- 
densed air  of  chamber  B.  The  device  which  thus 
acts  as  an  intermediate  is  termed  an  air-lock,  and  is 
the  notable  goint  of  invention  in  the  apparatus. 

The  cast-iron  piles  which  support  the  arched 
bridge  over  the  Medway  at  Rcx^nester,  England, 
were  sunk  by  the  means  of  compressed  air,  which 
kept  them  empty  of  water  while  workmen  excavated 
the  materials  inside  the  piles.     Each  pier  consists 


Triger**  Caisson. 

of  fourteen  cast-iron  cylinders  placed  in  a  double 
row,  and  sunk  through  the  bed  of  the  river  into  the 
hard  chalk. 

This  plan  is  the  reverse  of  Pott's  mode  of  sinking 
cylinders,  in  which  the  air  is  withdrawn  from  the 
interior  so  as  to  utilize  the  pressure  of  the  atmos- 
phere in  forcing  the  pile  downward,  while  the  ma- 
terial, of  a  somewhat  soft  nature,  ascended  into  the 
cylinder.  The  contents  were  from  time  to  time 
scooped  out,  and  the  air-exhausting  process  re- 
peated. This  plan  was  adopted  with  a  bridge  which 
crosses  the  Thames  near  Richmond,  England. 

Fig.  1022  is  a  section  of  the  movable  iron  caisson 
used  in  building  Uie  piers  of  a  bridge  at  Copen- 
hagen, Denmark.  It  comprises  an  upper  chamber 
communicating  with  the  air,  an  intermediate  or  air- 
chamber,  both  equal  and  cylindri<"al  in  section,  and  a 
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lower  working-chamber  of  larger  section  than  the 
foregoing,  and  adapted  to  the  shape  of  the  pier ; 
the  whole  raised  or  lowered  by  suspension -chains, 
and  ballasted  with  iron  and  water  contained  in  two 
annular  chambers  A  and  B,  surrounding  the  lower 
part  of  the  air-lock.  In  working,  the  apparatus 
was  lowered  to  the  bottom  of  the  water,  and  an  ex- 
cavation made  until  a  stratum  capable  of  forming  a 
solid  foundation  was  reached  ;  upon  this  a. layer  of 
concrete  was  laid,  and  then  the  structure  completed 
with  brick-work  faced  with  granite  ;  the  caisson  was 
gradually  raised  as  this  proeressed,  and  when  it  was 
finished  up  to  the  water-line,  the  caisson  with  its 

Fig  1082. 
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suspending  stage  and  tackling  was  removed  to  the 
site  designed  for  another  pier,  where  a  similar 
operation  was  repeated. 

Caissons  of  this  kind,  having  an  open  bottom  and 
provided  with  air-locks,  act  upon  the  principle  of 
the  diving-bell,  the  pressure  of  air  in  the  working- 
chamber  and  air-locks  l>eing  equal  to  that  of  the 
depth  of  water  in  which  they  are  submerged.  This 
renders  the  use  of  tJie  air-lock  necessary. 

The  piers  of  the  Illinois  and  St.  Louis  Railway- 
bridge,  across  the  Mississippi,  at  St.  Louis,  are  con- 


structed by  means  of  an  analogous  device.    See  AiB- 
LOCK,  opp.  p.  49. 

These,  however,  are  not  desired  to  be  removable. 
The  nmtter  to  be  excavated,  being  principally  sand, 
is  brought  up  by  sand-pumps  with  extension  suction- 
pipes.  A  hose,  connected  with  a  force-pump,  is  em- 
ployed to  reduce  this  matter  to  a  proper  consistency.  " 
When  solid  rock  is  reached,  the  aii-chamber,  lock.s 
and  shafts  are  tilled  with  concrete  to  the  top  of  the 
pier,  which  has  been  gradiuilly  built  up  on  the  roof 
of  the  air-chamber,  and  around  the  caisson,  as  the 
sinking  of  the  latter  proceeded. 

The  cai.sson  designe<l  to  find  a  stable  surface  and 
establish  the  foundation  of  the  pier  for  the  East  River 
Bridge,  between  New  York  and  Brooklyn,  is  rectan- 
guUr ;  in  length,  168  feet ;  width,  102  feet ;  inte- 
rior hight,  9  J  feet,  with  a  roof  5  feet  thick  ;  the  sides 
are  9  feet  thick  at  the  roof,  sloping  down  to  a  round 
edge,  so  as  to  facilitate  its  entrv  into  the  ground. 
This  mrt  is  of  cast-iron,  protected  bv  boiler-plate ;  the 

I  remainder,  of  heavy  timbers  strongly  bolted,  braced, 
and  specially  coated  to  prevent  leal^jige  of  air  or  wa- 
ter through  the  iwres  and  joints.    It  is  provided  with 

*^  air-shafts  and  locks,  and  air-supply  shafts  for  the 

r  chambers,  and  also  two  water-chambers,  into  which 
materials  excavated  by  the  workmen  are  placed,  and 

I  elevated  by  a  peculiar  dredge. 

4.  A  sunk  panel  in  a  ceiling.     See  Coffer. 

5.  A  chest  tilled  with  explosive  material,  laid  in  or 
beneath  the  track  or  expected  position  of  an  enemy. 

Cake-cut'ter.     A  device  for  cutting  sheets  of 
dough  into  round  or  ornamental  forms,  as  heart- 
)  shaped,  etc. 

dake-mix'er.  A  device  for  incorporating  together 
the  ingredients  of  cake,  etc.  It  consists  of  an  exte- 
rior case  containing  upright  stationary  fingera,  be- 
tween which  a  set  of  downwardly  projecting  flngera 
are  caused  to  rotate  by  means  of  an  attached  crank, 
the  dough  or  batter  being  stirred  between  the  two. 

Cal'a-bas.  An  early  light  form  of  musket.  Used 
in  and  after  1578. 

Cal'a-man'oo.  {Fabric.)  A  woolen  stuff,  check- 
ered in  the  warp,  so  that  the  checks  are  seen  on  one 
side  only.  It  was  fashionable  in  the  time  of  Addison 
'  and  his  compeers.  The  stuff  had  a  fine  j[loss,  and  was 
used  for  ecclesiastical  habits.  The  original  goods  of 
that  name  was  made  of  camel's-hair,  as  the  name 
indicates. 

Cal'a-mine.  A  native  carbonate  of  zinc.  The 
original  means  of  alloying  copper  with  zinc,  obtain- 
ing brass.  This  l)eautiful  alloy  was  known  long  be- 
l^fore  the  true  theory  of  its  production  was  under- 
[  stood.  Calamine  was  known  to  the  Greeks,  Romans, 
I  and  Arabians,  but  does  not  seem  to  have  been  consid- 
i  ered  as  a  metallic  ore.  It  was  ascertained  empirically 
I  that  fusing  copper  in  contact  wi^h  a  certain  stone 
^^  gave  it  a  yellow  color,  and  the  result  —  brass  —  was 
^  highly  valued.  Aristotle  and  Strabo  refer  to  this 
^  earth,  as  do  also  Ambrosius,  Bishop  of  Milan,  fourth 
;  century ;  Primasius,  Bishop  of  Aarumetuni,  in  Af- 
f  rica,  sixth  century  ;  and  Isidore,  Bishop  of  Seville, 
seventh  century.  Tliese  leanied  prelates  mention 
an  addition  by  which  copper  acquired  a  gold  color. 
This  was  undoubtedly  ccJamiiie. 

Albertus  Mamius,  A.  D.  1280,  seems  to  have  sus- 
pected the  tnith  ;  but  it  was  reserved  for  Paracelsus, 
who  died  in  1541,  to  define  zinc  as  a  metal  and  give 
it  the  proper  standing  in  its  group.  The  great  Para- 
celsus was  an  empiric  rather  than  a  philosopher,  but 
experiment  has  evolved  the  facts  around  wnich  the- 
ones  are  spun. 

Ca-lash'.  ( VehicU,)  A  light  carriage  with  vciy 
low  wheels.  It  may  be  ojien,  or  covered  with  a  fold- 
ing  top,  which  may  be  let  down  at  pleasure. 
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Ca*lash'  —  top. 

{Fehiclc.)  A  fold- 
ing  leather  top, 
with  bows  and 
joints;  sometimes 
called  a  hcUf-head. 

Cal'oar.  1. 
(Olass-making.)  A 
furnace  in  which  | 
glass/n^  is  calcined, 
to  effect  a  partial 
union  before  it  is 
vitrified  in  the 
glass  pot.  The 
word  is  derived 
from  the  French 
ecUqxiaise.    Coloar.    See  Fritting-furnace. 

2.  (Metal, )    An  annealing  arch  or  oven. 

Cal'oi-na'tioii.  Oxidation  by  the  application  of 
heat  and  access  of  air. 

Marble,  limestone,'  and  chalk,  carbonates  of  lime, 
are  deprived  of  their  carbonic  acid  and  water  by  eal- 
cination. 

Gypsum,  alum,  borax,  magnesia,  are  deprived  of 
their  water  of  crystallization  by  caldTUitwn. 

Copper  and  other  ores  ai-e  calcined,  to  drive  off  the 
sulphur,  the  sulphurcts  being  oxidized  and  sul- 
phuric acid  being  disengaged  and  volatilized. 

The  roasting  of  ores  is  a  common  and  analogous 
process.    See  Roasting  ;  Desulphurizing. 

This  exposure  of  a  body  to  a  strong  heat  destroys 
cohesion  of  the  parts,  and  renders  the  body  capable 
of  being  pulverized.  In  this  condition  metallic  bod- 
ies become  cnlxes ;  otherwise  known  as  metallic  ox- 
ides. 

Cal'oi-na'tioii-i>ot  A  sort  of  crucible  used  for 
preparing  animal  charcoal. 

cal-orner.    The  calcining  or  roasting  furnace. 

Cal-oin'ing-fiir'naoe.  A  large  reverberatory 
furnace,  having  a  fire  at  one  end,  two  chimneys  at 
opposite  corners,  four  doors  at  which  the  operation  is 
ODserved,  the  rabbles  introduced,  and  the  material 
withdrawn,  and  hoppers  above  by  which  the  ore  is  in- 
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troduced.  The  charp  of  copper  ore,  for  instance,  is 
about  8i  tons,  which  is  dropped  on  to  the  hearth 
when  the  sliding  bottoms  of  the  hoppers  are  withdrawn. 
The  hearth  is  23  feet  long  and  23  feet  wide,  the 
vaulted  ceiling  descending  towards  the  flues.  The  fire 
is  built  upon  scoriie,  which  are  piled  upon  the  grate- 
bars. 

The  effect  of  the  roasting  is  to  reduce  the  sulphu- 
rcts. the  .sulphur  uniting  with  oxygen  and  passing 
off  in  a  gaseous  condition.  Arsenic,  if  present,  is 
also  sublimed  and  carried  off.  The  product  is  in  a 
condition  for  smelting. 


Rotary  CaUining- Furnace. 


The  process  with  this  charge  of  copner  ore  takes 
11 J  hours,  and  the  calcined  ores  are  niked  out  into 
reservoirs  below  the  door- ways. 

In  another  example,  the  cylinder  is  supported  on 
rollers,  and  is  lined  with  fire-brick.  It  is  also  pro- 
vided with  passages  to  contain  the  ore  to  be  calcined, 
and  to  conduct  tne  pixxiucts  of  combustion  from  the 
furnace.  The  j-Hissages  are  gi-ooved  from  end  to  end, 
and  the  ore  is  supplied  to  the  same  by  means  of  a 
hopi)er,  the  supply  being  regulated  by  the  feed- 
device  ;  the  ore  escapes  through  into  the  trough, 
from  which  it  is  washed  by  a  stream  of  water. 

Other  forms  of  calcining-fumaces  are  circular,  hor^ 
izontally-rotating  tables.  See  Reducing  ;  Desul- 
phurizing. 

Cal'oi-um.  Equivalent,  20 ;  symbol,  Oa,  ;  spe- 
cific gi-avity,  1.578  ;  melts  at  442"  F.  It  is  a  light- 
yellow  metal.  The  carbonate  of  lime  occurs  in  na- 
ture in  the  forms  of  limestone,  chalk,  and  marble.  The 
oxide  of  calcium  (lime)  is  an  ingredient  in  all  mor- 
tars and  cements,  and  enters  into  the  composition  of 
glass  and  pottery. 

The  sulphate  of  lime  (gypsum)  occurs  naturally 
in  the  form  of  alabaster  and  selenite.  When  ground, 
it  fonns  the  well-known  plaster-of-paris,  used  for 
molding,  statuary,  and  for  manure. 

The  chloride  of  lime  is  well  known  as  a  bleaching 
and  disinfecting  agent. 

Cal'd-um-light.  The  Drummond  or  oxyhydro- 
gen  light,  in  which  streams  of  oxygen  and  hydrogen 
are  directed  and  inflamed  upon  a  tell  of  lime  whose 
incandescence  gives  a  very  viWd  and  brilliant  light. 
See  Drummond-light.  ' 

Cal'cu*la'ting-ma-chine^  The  aliacus  is  the 
simplest  form  of  calculating-machine.    See  Abacus. 

A  number  of  these  are  considered  under  Arith- 
OMETER  (which  see). 

Pascal,  when  19  years  of  age  ri650),  invented  one 
which  forms  the  basis  of  most  of  the  calculating-ma- 
chines and  registers  of  the  present  day.  It  consists 
of  a  train  of  wheels  numbered  0  to  9,  ajid  gearing 
into  each  other  so  as  respectively  to  represent  units, 
tens,  hundreds,  etc.  It  is  the  usual  registering-de- 
vice of  gas-meters,  etc. 

Babbige  commenced  one  at  the  expense  of  the  Eng- 
lish government,  in  1821,  and  worked  upon  it  till 
1833,  when  work  upon  it  was  suspended,  after  an 
outlay  of  £15,000.  The  portion  completed  is  in 
the  library  of  the  King's  College,  London. 

This  renowned  but  unfinished  machine  works  up- 
on a  peculiar  arithmetical  principle.  The  differences 
between  numbers  in  a  table  are  the  elements  out  of 
which  Mr.  Babbage  constructs  the  table  itself,  and 
on  this  account  he  called  his  a  Diference-Engiiie. 
For  instance,  in  a  table  of  square  numliers,  1,  4,  9, 
16,  25,  36,  etc.,  the  difference  between  the  first  and 
second  is  3  ;  between  the  second  and  third,  5  ;  and 
so  we  get  a  series,  3,  5,  7,  9,  11,  etc.     Again,  this 
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series  of  first  differences,  if  viewed  in  a  similar  man- 
ner, presents  us  with  another  And  remarkable  series, 
2,  2,  2,  etc.  It  is  found  that  almost  all  numerical 
tables,  when  thus  analysed  into  successive  orders 
of  differences,  end  at  last  in  a  very  simple  series, 
constituting  the  materials  —  the  atomic  elements, 
so  to  speak  —  which,  by  addition,  will  produce 
all  the  numbers  remiii^  in  the  table.  The  process 
of  addition  lies  at  tne  root  of  the  whole  method. 

How  to  accomplish  this  by  mechanism  was  the 
question  which  Mr.  Babbage  undertook  to  solve. 
The  first  term  of  the  table  and  the  fii-st  term  of  each 
order  of  differences  being  given,  the  whole  table  can 
be  constructed  from  those  elements  ;  and  dials  were 
made  to  indicate  these  numbers.  There  are  rows  of 
dials  to  represent  the  successive  orders  of  differences, 
and  rows  to  represent  the  successive  digits  in  a  num- 
ber ;  and  by  an  extraordinary  assemblage  of  mechan- 
ism, the  wheels  to  which  these  dials  are  attached  act 
ui>on  each  other  in  an  order,  determined  by  the 
original  adiustment.  Kach  dial  has  on  its  edges 
the  set  of  ai^ts  fi'om  0  to  9.  There  are  axes  u^n 
which  the  dials  revolve  ;  teeth  to  the  wheels  behind 
the  dials ;  bolts  which  act  on  or  into  these  teeth  ; 
wedges  to  withdraw  the  bolts  ;  and  shoulders  which 
regulate  the  action  of  the  bolts  on  the  teeth-wheels  : 
all  this  determines  the  process  of  addition. 

When  it  is  understood  that  the  skillful  Dr.  ,Lard- 
ner  occupied  twenty-five  pages  in  the  Edinburgh  Re- 
view in  partially  describmg  the  complex  action  of 
the  machme,  and  ^ve  up  other  features  as  hopeless 
without  a  mass  of  illustrative  diagrams,  we  shall  be 
pardoned  for  not  occupying  space  by  attempting  far- 
ther description. 

Harper's  Magazine,  Vol.  XXX.  pp.  34-39,  gives 
some  account  of  it,  accompanied  by  a  cut. 

6.  and  E.  Scheutz,  Sweoish  engineers,  constructed 
a  working  machine,  1837  -  43,  after  studying  the 
Babbage  machine  ;  it  was  brought  to  England  in 
1854.  It  is  stated  to  have  been  bought  for  £1000 
for  the  Dudley  Observatory,  Albany,  rJ .  Y. 

The  Messrs.  Scheutz  have  since  completed  one  for 
the  British  government,  which  was  subsequently 
employed  in  calculating  a  large  volume  of  life-tables, 
which  the  authorities  at  Somerset  House  declare 
never  would  have  been  undertaken  had  not  this  ma- 
chine been  in  existence. 

Cal'cu-la'ting  and  Meafl'ur-ing  In'stru- 
meats.    See  under  the  following  heads  :  — 


Abacus. 

Adding-machine. 
Addressing-machine. 
Almucanter-staff. 
Ambulator. 
Angular  instruments. 
Arrow. 

Atwood's  machine. 
Authometer. 
Back-staff. 
Balance. 
Ballot-box. 
Batter-level. 
Bench-marks. 
Bevel-square. 
Boning. 
Bow. 
Burette. 

Calculating-machine. 
Caliper-rule. 
Calipers. 

Chain-inclinometer. 
'  Circumferentor. 
Clrcumventor. 


Coin-assorter. 

Coin-weighing  macliine. 

Comparateur. 

Conformator. 

Counter. 

Counter-scales. 

Cross. 

Cix)S8-staff. 

Danish  balance. 

Datum-line. 

Declinator. 

Delineator. 

Demi-cirele. 

Dendrometer. 

Dividers. 

Dividing-engine. 

Dotchin. 

Dumpy-level. 

Dynamometer. 

Electrometer. 

Electric-balance. 

Fare-box. 

Fare-register. 

Faucet.  Measuring 


Fore-staff. 

Funnel.  Measuring 

Gage. 

Gaging-rod. 

Garment-measurer. 

Gas-meter. 

Gas-register. 

Geometric  square. 

Grading-instrument 

Graduated  glass. 

Gmin -measurer. 

Gi-ain-scales. 

Grain-tester. 

Gun-pendulum. 

Gunter's  chain. 

Gunter's  scale. 

Hydrostatic  balance. 

Hy^metric  balance. 

Indicator. 

Jacob's  staff. 

Label. 

Letter-balance. 

Level  (varieties,  see  Lev- 
el). 

Leveling-staff. 

Libella. 

Limb. 

Linen-prover. 

Litrametei*. 

Log. 

Lumber-measurer. 

Map-measurer. 

Meter  (varieties,  see  Me- 
ter). 

Metrograph. 

Metronome. 

Micrometer. 

Miter-square. 

Multiplying-machine. 

Napier's  bones. 

Needle-instrument. 

Nonius. 

Numbering-machine. 

Numbering-stamp. 

Object-staff. 

Octant. 

Odometer. 

Optical  square. 

Outkeeper. 

Pagiug-machine. 

Pedometer. 

Perambulator. 

Plane-table. 

Planimeter. 


Platform-scales. 
Plotting-scale. ' 
Plumb. 

Prismatic  compass. 
Quadrant. 
Quadrat. 
Recipiangle. 
"^    ■  iter. 


le. 
Scales. 

Sea-way  measurer. 
Sector. 
Semicircle. 
Sextant. 
Shuffle-scale. 
SUding-scale. 
Specific-gravity   jappara- 

tus. 
Speed-indicator. 
Sphereometer. 
Spring- balance. 
Square. 
Stadium. 
Station-pointer. 
Steelyara. 
Stereometer. 
Surveying-cross. 
Surveying-chain. 
Surveying-compass. 
Surveying-instruments. 
Swan-pan. 
Tally. 

Tangent-scale. 
Tape-measure.' 
Testing-machine. 
Theodolite. 
Time-table. 
Tourists'  indicator. 
Transit. 
Traverse-board. 
Triangular-scale. 
Tripod.  Surveyor's 
Tron. 
T-square. 
Universal  square. 
Vernier. 

Vernier-compass. 
Vernier-transit. 
Volvette, 
Way-wiser. 
Weather-^lass. 
Weigh-bndge. 
Weighing-machine. 
Weighing-scales. 


See  also  specific  indexes  under  Meter  ;  Soope  ; 
Gage  ;  Graph  ;  Level  ;  Indicator  ;  Miceoub- 
ter  ;  Register. 

Cal'ou-la'tor.  A  machine,  in  the  nature  of  an 
orrery,  invented, by  Ferguson,  for  exhibiting  the 
motion  of  the  heavenly  bodies.   " 

Cal'ou-li  In'Btru-ments.  {SurgicoU.)  Thette 
comprise  instruments  for  removing  stony  concretions 
in  the  human  bladder  ;  for  crushmg  them  so  as  to 
allow  them  to  pass  through  the  urethra  and  be  dis- 
chai^ged  by  the  natural  now  of  urine  \  for  grasping 
and  withdrawing  them,  and  for  making  incisions 
into  the  bladder.  See  Lithontriptee  ;  Lituolabb; 
Lithotomy  Forceps;  Lithotomy  Knife;  Li- 
thotomy Staff,  etc. 

Cal'e-bas'Ber-ie.  (Fr.)  A  Belgian  method  of  re- 
meltinc  iron  in  a  sort  of  cupola  furnace. 

Ca-Ieche'.  A  small  hooded  carriage  on  two  wheels. 

Cal'en-dar-clock.    One  which  indicates,  in  ad* 
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dition  to  the  minute  and  hour  of  the  day,  the  day  of 
the  week  and  month,  —  sometimes  the  year  ^so, 
with  the  phases  of  the  moon,  etc. 

The  Roman  calendar  is  said  to  have  been  intro- 
duced by  Romulus,  738  b.  c,  who  divided  the  year 
into  ten  months,  comprising  304  days ;  fifty  davs 
less  than  the  lunar  year,  and  61  days  less  than  tne 
solar  year.  Its  commencement,  therefore,  did  not 
correspond  with  any  fixed  season.  Numa  Pom- 
pilius,  they  tell  us,  713  b.  c,  corrected  it  by  adding 
two  months,  and  made  it  commence  at  the  winter 
solstice.  Julius  Ctesar,  46  B.  c,  sent  for  Sosigenes 
of  Alexandria,  who  again  corrected  it,  making  the 
year  365  days,  6  hours,  every  fourth  year  being  leap- 
year.  This  is  denominated  the  Julian  style,  and  pre- 
vailed generally  throughout  the  Roman  world.  Julius 
made  the  first  day  of  the  reformed  year  begin  with 
the  day  of  the  new  moon  following  the  solstice, 
which  day  thus  became  the  first  of  January. 

The  year  of  the  change  was  called  the  year  of 
confusion,  owing  to  its  containuu^  445  days.  The 
Greeks  left  off  their  lunar  months,  and  their  in- 
tercalations of  45  days  every  fourth  year;  the 
Egyptians  changed  their  thot,  or  first  day  of  their 
year,  which  changed  from  one  season  to  another ; 
and  the  Hebrews  did  the  like.  It  was  generally 
adopted  for  a  time  in  those  portions  of  the  three  con- 
tinents dominated  by  the  Romans. 

Time  works  changes,  but  changes  in  the  modes  of 
measuring  time  are  resented  innovations.  The  ver- 
nal and  autumnal  equinoxes,  the  summer  and  winter 
solstices,  each  formed  the  commencement  periods  for 
the  years  over  large  areas  of  country  at  vanous  times. 
The  uniformity  of  the  Roman  system  was  lost  when 
they  abandoned  their  provinces,  but  as  the  intellect- 
ual center  still  remained  in  the  South  the  nations 
a^n  gave  in  their  adherence.  By  an  edict  of  Charles 
1a.  in  1564,  the  beginning  of  the  year  was  ordered 
in  France,  at  January  the  first  The  change  was 
not  made  in  England  till  a  much  later  period,  and 
is  far  from  invariable  even  Dow  in  that  country. 

In  the  time  of  Pope  Gi-egoiy  XIII.,  a.  d.  1582, 
the  calendar  had  become  defective  to  the  amount  of 
ten  entire  days,  the  vernal  equinox  falling  on  the 
11th  instead  of  the  21st  of  March-  This  was  owing 
to  the  fact  that  the  solar  year  is  365  days,  5  hours, 
and  49  minutes  nearly,  instead  of  365  days,  6 
hours,  as  defined  by  the  Julian  system.  To  com- 
pensate for  the  error,  Gregory  onhuned,  by  a  brief 
issued  October  5,  that  the  current  year  (1582) 
should  have  only  855  days  ;  October  5  became 
October  15.  To  obviate  further  irregularities,  it 
was  determined  that  a  year  begiuning  a  century 
should  not  be  bissextile,  with  the  exception  of  that 
beginning  each  fourth  century.  Thus  the  years 
1700  and  1800  were  not  bissextile,  nor  will  1900  be, 
but  the  year  2,000  will  be  a  leap-year.  In  this 
manner  three  days  are  retrenched  in  400  years,'  be- 
cause the  lapse  of  11  minutes  10.3  seconds  makes 
three  days  in  about  that  period. 

The  Protestant  States  of  Germany  adopted  the 
New  Style  at  various  times  frofn  1700  to  1774. 
Great  Britain  adopted  the  New  Style  by  act  of  Par- 
liament, September,  1752 ;  the  3d  of  the  month 
l)eing  called  the  14th.  In  one  of  Hogarth's  pictures, 
"The  Election,"  a  drunken  bummer  holds  erect  a 
placard,  with  the  inscription,  **Give  us  our  Eleven 
Days."  He  is  sitting  all  in  a  heap  upon  the  ground, 
protesting  against  the  loss  of  time  while  squander- 
ing the  present.  In  some  of  the  English  miniug-dis- 
trictfi,  tne  year  is  yet  divided  into  13  "mining 
months."  Contracts  are  thus  made,  and  wages  paid  ; 
it  has  the  advantage  of  causing  the  month  and  the 
week  to  terminate  on  the  same  day. 


The  Greek  Church  have  not  adopted  the  Gre«;orian 
innovation,  as  they  consider  it,  and  still  use  what  we 
call  0.  S.  (old  style).  The  Jews  have  their  own 
new  year  ;  so  have  the  Turks  ;  the  Chinese  celebrate 
their  new  year  by  making  a  dreadfiil  din. 

The  Russians  yet  adhere  to  the  Julian  style,  so 
that  in  writing  to   Russia  it  is  necessary  to   date 

thus,  for  instance,  1?  March,   or  -y^^^!^^^    or 


28  December,  1872 


p,  as  the  case  may  be. 


9  January,  1873 

The  English  civil  year,  frqm  the  14th  centuiy 
till  the  adoption  of  the  New  Style  of  Gregory  XIII. 
in  1752,  commenced  on  Lady-day,  the  day  of  the 
Annunciation  of  the  B.  V.  M.,  March  25  ;  the  half- 
year  was  at  Michaelmas,  the  Feast  of  St.  Michael, 
September  29.  Leases  are  yet  drawn  in  England, 
occupation  and  rent  being  calculated  with  reference 
to  these  recurring  festivals.  The  Old  Style  is  still 
retained  in  the  English  Treasury,  so  that  the  Christ- 
mas dividends  are  not  considered  due  till  Twelfth- 
day,  the  midsummer  till  July  5,  and  so  on. 
The  usage  of  the  commencement  of  the  year  at  March 
25  is  still  retained,  so  the  first  day  of  the  finan- 
cial year  is  Lady-day  of  the  Old  Style,  that  is,  new 
Lady-day  Marcli  25,  +  the  11  days  removed  by  act 
of  Parliament  1752,  =  April  6  ;  thus  embodying 
both  the  ancient  practices,  namely,  the  com- 
mencement of  the  year  at  about  the  vernal  equinox 
and  the  old  Julian  style,  which  had  lost  11  days  in 
1798  years.  . 

The  Mexicans  had  a  year  of  360  days  and  5  sup- 
plementary days.  They  divided  it  into  18  months 
of  20  days  each»  and  had  a  leap-year.  Their  year 
commenced  at  the  vernal  equinox. 

The  Peruvian  year  b^n  with  the  winter  solstice. 

The  Jewish  civil  year  is  12 
lunar  months  =  355  days.  Fig.  1026. 

Their  ecclesiastical  year  be- 
gins at  the  vernal  equinox, 
about  March  22.  The  civil 
year  5684  A.  M.  begins  Sep- 
tember 23,  1873,  and  ends 
September  11,  1874. 

The  Mohammedan  year  is 
12  lunar  months  =  355 
days ;  the  yejir  1290  A.  H. 
(Anno  Hegine)  commencing 
March  1,  1873,  and  ending 
February  17,  1874. 

The  Chinese  new  year 
commences  at  midnight  on 
the  recurrence  of  the  new 
moon  which  falls  nearest  to  \ 
the  point  when  the  sun  is 
in  the  15**  of  Aquarius  ;  say, 
the  nearest  new  moon  to  the 
5th  of  February. 

The  first  day  of  the  new 
year  of  the  French  revolu-  Qdendar- Clock, 

tionary  period  was  Septem- 
ber 22,  1792  ;  their  year  consisted  of  12  months  of 
30  days  each,  with  five  sacred  (!)  days  at  the  end, 
dedicated  to  Virtue,  Genius,  Labor,  Opinion,  and 
Reward  ( ! ! ) .  The  bissextile  day  each  fourth  year  was 
devoted  to  the  renewal  of  the  oath  of  liberty. 

The  appearance  of  the  calendar-clock  is  familiar, 
the  names  of  the  days  and  months  appearing  at  slits 
in  the  dial  or  case  ;  or  else  indicated  oy  pointers  on 
a  number  or  lettered  dial  or  dials.  The  illustration 
shows  one  of  the  first-mentioned  kind,  in  which  the 
names  of  the  days  of  the  week  and  months  of  the 
year  are  inscribed  on  two  revolving  drums,  and  pre- 
^nted  consecutively  at  slits  in  the  front  of  the 
case, — removed,  in  the  example,  to  expose  the  works. 
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Cal'en-der'ing.  The  series  of  operations,  dif- 
^ring  according  to  the  goods,  of  straightening, 
damping,  pressing,  stretching,  starching,  drying, 
embossing,  and  watering  woven  goods ;  including 
the  various  processes  intervening  between  the 
bleaching  or  dyeing  and  the  packing  for  market. 

The  fabric  is  first  passed  over  a  water-cistern, 
kept  constantly  full,  by  which  it  is  wetted,  pre- 
paratory to  being  drawn  through  a  pair  of  rollers,  by. 
which  it  is  partially  smoothed.  It  is  also  pulled 
out  breadthwise,  and  the  edges  knocked  against  a 
smooth  beating-stock. 

It  is  now  ready  to  go  through  the  mangle,  which 
consists  of  a  number  of  roUera,  adjustable  to  any 
desired  pressure,  so  as  to  i-emove  any  creases  which 
may  remain.  For  this  purpose,  the  bottom  rollers 
are  sometimes  grooved,  the  grooves  spreading  out- 
wai-dly  from  the  center  on  either  side.  Above  these 
are  three  smooth  rollers,  two  of  wood  and  one  of 
brass,  which  equalize  the  surface  and  stretch  the 
cloth. 

The  starching  is  effected  by  drawing  the  cloth 
under  a  roller,  which  dips  into  a  trough  of  flour- 
starch,  fermented,  previous  to  boiling,  to  deprive  it 
of  gluten.  Superfluous  starch  Is  removed  by  other 
rollers,  between  which  the  cloth  passes,  and  falls 
back  into  the  trough. 

The  stuff*  is  now  dried,  by  passing  it  over  heated 
cylinders  of  tinned  iron  or  copper  in  the  case  of 
heavy  goods,  while  muslins  are  merely  stretched  on 
frames  in  a  warm  room.  What  is  called  patent  Jinisk 
may  be  given  it  by  working  the  two  long  sides  of 
the  frame  backwards  and  forwards  in  opposite  di- 
rections, giving  the  muslin  a  diagonal  motion,  which 
is  continued  until  it  Is  quite  dry.  This  removes  the 
harsh  and  stiff  appearance  caused  by  the  starch. 

The  process  of  giving  the  glossy  surface-finish 
distinctively  known  as  calendering  is  described 
under  Calendering-machine. 

Cal'en-der'ing-xna-chine'.  Though  the  busi- 
ness of  the  calenderer  includes  all  the  finishing  pro- 
Fig.  1028. 


Calenderinsi-  Machine . 

cesses  by  which  bleached  or  dyed  cotton  and  linen 
goods  are  stretched,  starched,  glossed,  and  pressed, 
yet  the  calendering-machine  proper  is  a  machine 
between  whose  loaded  rollers  the  cloth  is  passed  to 
give  it  the  finish  and  luster  desired. 

Cloth  which  was  formerly  calendered  by  burnish- 
ing vrith   a  smooth    flint-Ktone,  is  now  glazed   by 


passing  between  rollers,  one  of  which  moves  slower 
than  the  other,  so  that  a  rubbing  action  is  obtained. 

The  machine  was  introduced  into  England  by  the 
Huguenots  about  1685,  on  the  revocation  of  the  Edict 
of  Nantes.  This  edict  was  gi-anted  to  the  Prot- 
estants of  France  by  Henrv  IV.,  April  13,  1598, 
and  revoked  by  Louis  XIV.,  October  22,  1685. 
They  scattered  to  England,  to  Charleston,  S.  C., 
and  other  places,  taking  their  industry  and  their 
skill  with  them. 

The  fabiic  is  first  damped  by  passing  it  slowly 
over  the  damping  or  degging  machine,  containing  a 
circular  brush,  the  points  of  which,  as  they  rapidly 
revolve,  just  touch  the  surface  of  the  water  and  dash 
a  cloud  of  fine  spray  against  the  cloth,  by  which  it 
is  uniformly  dam  pea.    It  is  then  ready  for  calendering. 

By  means  of  a  weighted  lever,  or  by  screws  on  top 
of  the  calendering-machine,  any  required  amount  of 
pressure  may  be  applied  to  the  fabric  ;  a  very  great 
pressure,  by  flattening  the  threads,  gives  a  smooth 
and  silky  surface.  By  passing  two  folds  between 
the  rollers  at  the  same  time,  the  threads  of  each 
mutually  produce  a  meshed  appearance  on  the  other. 
A  watered  surface  is  produced  ny  [lassing  the  goods 
in  a  very  damp  state  through  plain  or  indented 
rollers  ;  sometimes  a  slu^ht  lateral  motion  is  given  it. 

The  rollers  are  heated,  when  required,  by  inserting 
a  red-hot  cylinder  into  them. 

Cal'i-ber.  1 .  The  bore  of  a  fire-arm  or  gun,  or  the  • 
weight  of  the  ball  which  fills  it  to  its  capacity, 
allowing  for  windage. 

Sometimes  applied  to  steam  cylinders  and  pumps. 

It  finds  three  different  modes  of  expression  :  — 

a.  The  diameter  in  inches  ;  as,  8-inch  gun,  10- 
inch  cylinder,  etc. 

b.  In  the  weight  of  the  solid,  round  shot  adapted 
thereto  ;  a.s,  8-jK)under,  12-pounder  gun. 

e.  In  the  hundredths  of  an  inch  expressed  deci- 
mally ;  as,  carbines  and  rifles  of  .44,  .50,  .55  inch 
caliber. 

2.  (Horology.)  a.  The  plate  on  which  the  arrange- 
ment of  the  pieces  of  a  clock  is  traced.  The  pattern- 
plate. 

6.  The  sjiace  between  two  plates  of  a  watch, 
which  determines  the  flatness  of  the  movement. 

Cal'i-ber-oom'paBB.  A  form  of  cali  pers  adapted 
to  measure  the  sizes  of  bores.    See  Calipers. 

Another  kind  is  used  for  measuring  shot  and 
shell.     See  Shei.l-oage. 

Cal'i-ber-rale.  A  gunner's  calipers ;  having 
two  scales  to  determine  the  weight  of  a  ball  from  its 
diameter,  and  conversely. 

Call-oo-print/ing.  A  mode  of  .impressing  fig- 
ured designs  upon  cloth  ;  the  term  also  including 
modes  and  processes  not  strictly  mechanical. 

Calico  is  printed  cotton  cloth.  In  England,  such 
are  called  prints;  eadico  being  the  plain  white  cotton 
cloth,  bleached  or  unbleached. 

The  name  calico  is  derived  from  Calicut,  a  sea- 
port of  Malabar,  visited  by  Vasco  de  Gama  in  1498, 
and  afterwards  the  principal  seat  of  the  Portu^iese 

E)wer  in  India.  Calico  was  brought  from  India  to 
ngland  in  1631. 

Where  the  art  originated,  it  oAunot  be  said  to  be 
useless  to  inquire  ;  for,  though  the  p<»itive  answer 
may  not  appear,  the  inquiry  leads  in  directions 
which  will  be  either  **  fresh  fields  and  pastures  new," 
or  to  regions  which  we  tread  again  witn  pleasure  and 
enthusiasm. 

The  Chinese  have  used  printing- blocks  from  time 
immemorial.  Printing  on  cloth  preceded  printing 
on  paper,  but  it  cannot  now  be  determined  how  long 
ago.  The  Chinese  applied  the  art  to  printing  on 
bark,  leave.s,  skins,  or  scale-board. 
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The  natives  of  India  were  far  in  advance  of  all 
other  people,  both  in  the  variety  of  their  styles  and 
the  excellence  of  their  execution.  Thev  used  wax 
as  a  resist ;  used  ynordarUs  of  different  kinds,  so  as 
to  produce  dilierent  coloi-s  by  boiling  the  cloth  in  a 
solution  of  one  color.  They  also  had  the  bandanna 
style,  in  which  spots  are  left  white  by  topical  press- 
ure on  the  parts,  preventing  the  access  ot  the  dye. 

Of  the  resist  style,  the  pallampoor  may  be  cited. 
In  this,  the  pattern  was  painted  in  wax  npon  the 
cloth,  which  was  then  dyed.  (See  Pallampoor.) 
Of  the  mordaiht  style  we  have  an  excellent  account 
in  Pliny  (d.  a.  d.  79)  :  — 

'*  Robes  and  white  veils  are  painted  in  Egypt  in  a 
wonderful  way ;  they  are  first  imbrued,  not  with 
dyes,  but  with  dye-absorbing  drugs,  by  which, 
though  they  seem  to  be  unaltered,  yet,  when  im- 
mersed for  a  Kttle  while  in  a  caldron  of  the  boiling 
dye-liquor,  they  are  fdund  to  become  painted.  Yet, 
as  there  is  only  one  color  in  the  caldron,  it  is  mar- 
vellous to  see  many  colors  imparted  to  the  robe,  in 
consequence  of  the  influence  of  the  excipient  drug. 
Nor  can  the  dye  be  washed  out.  A  caldron,  which 
would  of  itself  merely  confuse  the  colors  of  cloths 
previously  dyed,  is  thus  made  to  impart  several  col- 
ors from  a  single  dye-stuff,  painting  as  it  boils."  See 
Mordant. 

It  will  be  noticed  that  Pliny  credits  the  Egyptians 
with  the  work  ;  this  may  be  true  as  to  the  goods  he 
saw,  but  it  is  also  quite  likely  that  the  goods  he  saw 
were  of  Hindoostanee  manuracture,  brought  to  the 
Mediterranean  by  the  Arabians.  It  is  evident  that 
the  Egyptians  also  practiced  the  art,  but  it  was  up- 
on linen,  and  not  cotton,  the  peculiar  stuff  which 
Herodotus  calls  tree-wool  and  rightly  ascribes  to  In- 
dia. (See  Cotton.)  In  the  latter  country,  the  cali- 
co-printing, whether  of  the  resist  or  mordant  styles, 
was  performed  by  hand,  and  was  rather  painting 
than  printing,  as  to  the  mode  of  its  execution. 

Variegatei  linen  cloths  of  Sidon  are  mentioned 
by  Homer  ;  and  Herodotus  speaks  of  the  garments 
of  the  inhabitants  of  the  Caucasus  as  variegated  with 
figures  dyed  by  infusions  of  leaves. 

Cortez  found  the  Mexicans  in  possession  of  the 
art,  their  garments  of  cotton  being  adorned  with 
Dolly  Varden  figures  in  black,  blue,  red,  yellow,  and 
green. 

The  art  was  practiced  in  Asia  Minor  and  the  Le- 
vant long  before  its  introduction  into  Europe,  and 
even  then  it  came  in  at  the  southwest,  with  the 
Saracens.  Abderahman  III.  founded  the  cotton, 
silk,  and  leather  manufactures  in  Spain,  about  A.  D. 
930.  He  also  devoted  great  attention  to  the  sugar- 
cane, rice,  an<l  the  mulberry.  This  great  Arabian 
people  also  taught  Europe  to  make  Chinese  paper  of 
pulped  fiber. 

At  seems  a  pity  that  these  gentlemen  should  be 
worsteil  by  those  gloomy  tyrants,  the  Pedros  and 
Philips,  and  that  the  liberality  and  civilization  of 
Cordova  should  be  superseded  by  the  bigotry  of 
Dominic. 

About  the  close  of  the  seventeenth  century,  Augs- 
burg became  famous  for  the  manufacture  of  its  print- 
ed cottons  and  linens.  About  the  same  time,  tnat  is, 
in  1696,  calico-printing  was  introduced  into  England 
from  France,  by  one  of  the  French  victims  of  the 
revolution  of  the  Edict  of  Nantes.  He  established 
works  on  the  Thames,  near  Richmond.  This  vil- 
lainous act  of  Louis  XIV.  inured  to  the  benefit  of 
other  nations,  especially  England,  who  gave  an  asy- 
lum to  many  industrious  artificers  and  artists. 
About  twenty-five  years  afterwards,  the  linen,  silk, 
and  woolen  manufacturers  obtained  a  law  against  the 
use  of  printed  cotton  goods,  either  imported  or  home- 


made. This  was  relaxed  in  1780  to  this  extent,  that 
goods  with  linen  chain  and  cotton  filling  were  al- 
lowed to  be  printed,  paying  an  excise  duty  equal 
to  twelve  cents  per  square  yard.  In  1774  this  re- 
striction was  removed,  all  cotton  printed  goods  were 
allowed  to  be  made ;  the  duty  was  reduced  to  six 
cents  per  square  yard.  This  was  afterwards  increased 
to  seven  cents,  and  in  1831  was  abolished. 

The  history  of  the  fight  in  France  of  printed  cali- 
coes against  the  linen  and  woolen  manufacturers  is- 
substantially  similar  to  that  just  recorded,  except 
that  the  government  of  France  resisted  the  niolM  in- 
stead of  becoming  subservient  to  them,  as  in  England. 
Thus  the  French  passed  through  the  ordeal  of  absurd 
sumptuary  legislation,  and  got  rid  of  the  incubus 
sooner  than  their  more  conservative  neighbors  north 
of  "the  Channel." 

**  Sir  Martin  Noell  told  us  the  dispute  between 
him,  as  farmer  of  the  additional  duty,  and  the  East 
India  Company,  whether  callico  be  linnen  or  no  ; 
which  he  says  it  is,  having  been  ever  esteemed  so  : 
they  say  it  is  made  of  cotton  woole,  and  grows  upon 
trees,  not  like  flax  and  hemp.  But  it  was  carried 
a£;ainst  the  Company,  though  they  stand  out  against 
the  verdfct."  —  Pepys's  Diary,  February  27,  1664. 

Coloring  substances  for  calico-printing  are  divided 
into  substantive  and  adjective.  The  former  are  capa- 
ble of  producing  permanent  dyes  of  themselves  ;  the 
latter  require  certain  intermediate  matters,  called 
mordants. 

The  commonest  mordants  are  the  acetate  of  iron, 
the  acetate  of  alumina,  and  some  solutions  of  tin. 

1.  Madder  or  chintz  style. 

The  parts  of  the  cloth  which  are  to  have  a  madder 
color  imparted  to  them  are  printed  with  a  mordant. 
After  ageing,  that  is,  allowing  the  mordant  to  be- 
come firmly  attached  to  the  cloth,  the  superfluops 
mordant  is  washed  away  by  a  warm  mixture  of  cow- 
dung  and  water.  It  is  then  washed  and  winced  in  a 
weak  solution  of  alum  and  size.  It  is  then  .drawn 
through  a  colored  solution,  and  this  becomes  fixed  in 
the  parts  where  the  mordant  has  been  applied.  The 
cloth  is  washed  in  soap  and  water,  bran  and  water, 
or  dilute  solution  of  chloride  of  lime,  which  removes 
the  dye  from  the  unmordanted  portion  of  the  cloth. 
It  is  then  ready  for  rinsing,  drj'ing,  starching,  cal- 
endering, and  folding. 

2.  Printing  by  steam. 

In  this  process  the  colors  printed  with  a  mordant 
are  fixed  by  steam  driven  through  the  cloth  and  act* 
ing  upon  the  mordant.  After  drying  and  ageing,  the 
thickening  material  is  washed  out,  and  the  clotn  fin- 
ished in  the, usual  manner  by  starching  and  calen- 
dering. 

3.  The  padding  or  plaquage  style. 

By  this  a  pattern  may  be  produced  on  white  or 
colored  ground,  or  a  ground  may  be  formed  for  a  de- 
sign in  other  colors.  The  cloth  is  spread  with  a  col- 
ored paste,  dried,  and  then  printed  with  another 
colored  splution  ;  a  chemical  reaction  takes  place 
where  the  colors  are  mingled,  fbrming  a  pattern  upon 
the  general  ground  of  the  former  color.  This  is  the 
style  referred  to  by  Pliny,  —  "  a  design  on  a  white 
ground  is  produced  by  printing  with  one  solution 
and  wincing  in  the  other." 

4.  The  resist  or  reserve  style. 

The  white  cloth  is  printed  with  a  paste  which  re- 
sists the  action  of  color  when  the  cloth  is  placed  in 
the  vat.  The  cloth  is  then  dyed  in  the  piece,  and 
subsequent  washing  removes  the  dye  from  the  part 
protectetl  by  the  resist-paste. 

5.  The  discharge  or  rongeant  style. 

The  dyed  or  mordanted  cloth  is  printed  with  a 
dischai^r,  which  renders  the  color,  where  it  is  im- 
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pressed,  colorless  or  soluble,  so  that  it  may  be  washed 
out 

6.  The  ckina-blxu  style. 

This  is  only  practiced  with  indi^,  of  which  sev- 
eral shades  may  be  associated  with  white.  The 
bleached  calico  is  printed  with  a  combination  of  in- 
digo and  other  materials,  c^d,  and  immerseil  succes- 
sively in  three  solutions.  The  etTect  is  to  cause  the 
surface-indigo  to  permeate  the  cloth  and  become 
precipitated  in  an  insoluble  form. 

7.  Decoloring  or  enlevage  style. 

The  dyed  goods  are  treated  with  chlorine  or  chromic 
acid  to  discharge  the  colors  at  the  required  places. 

8.  SpirU-co&r  prirUiny, 

The  colors  are  produced  by  a  mixture  of  dye  ex- 
tracts and  solution  of  tin,  called  by  the  dyers 
spirits  of  tin, 

9.  The  bcmdanna  style,  in  which  spots  are  left 
white  by  topical  pressure  on  the  parts,  preventing 
the  access  of  the  dye. 

There  are  several  mechanical  modes  of  printing 
calico :  — 

a.  Wooden  blocks  prepared  with  a  pattern  on  one 
surface  and  pre.ssed  down  on  the  cloth  by  hand. 

b.  Several  such  blocks  fixed  in  a  frame  and 
worked  by  machinery. 

c.  The  pattern  engraved  on  a  flat  copper  plate, 
ii^hich  is  pressed  down  upon  the  cloth. 

d.  The  pattern  is  engraved  on  a  copper  cylinder, 
over  the  surface  of  whicn  the  cloth  is  made  to  travel. 
By  a  combination  of  cylinders,  various  colors  are 
laid  on  to  form  a  various-colored  print. 

All  the  cheaper  printed  cottons  are  now  printed 
by  the  cylinder  process.  The  pattern  is  engraved 
on  a  roller  of  soft  steel,  about  three  inches  long  and 
one  in  diameter,  called  the  die^  so  as  to  exactly 
occupy  its  external  surface ;  this  is  hardened  by 
l)eing  heated  to  redness  and  suddenly  plunged  in 
cold  water.  The  design  is  then  transferred  by 
mean?  of  a  rotatory  press  from  the  <£(«  to  a  similar 
small  roller  in  a  soft  state,  called  the  mUl^  pro- 
ducing an  impression  in  relief.  The  mUl  is  tnen 
hardened  and  placed  in  a  rotary  press,  imprinting 
the  pattern  on  the  copper  q/Hnder  from  30  to  40 
inches  long  and  from  4  to  12  inches  vdde,  from 
which  the  calico  is  printed ;  the  impression  has  to 
be  repeated  a  sufficient  number  of  times  to  cover  the 
face  of  the  copper  cylinder,  care  being  taken  to  make 
the  junctions  of  the  small  cylinder  accurately  ht 
each  other. 

For  costly  and  delicate  goods,  such  as  shawls  and 
velvets,  the  block  method  of  printing  is  still  adhered 
to.  In  this  method,  each  color  has  a  b]ock  to  itself, 
on  which  a  certain  portion  of  the  pattern  is  cut  or 
engraved ;  the  blocks  are  used  singly  and  by 
hand,  each  printing  as  much  as  its  size  will  permit. 
Where  the  whole  design  is  but  a  repetition  of  one 
small  pattern,  the  whole  surface  of  the  cloth  is  print- 
ed by  a  succession  of  applications  of  the  same  two  or 
three  blocks  ;  but  where  a  large  shawl,  for  example, 
displays  a  design  whith  is  not  merely  a  repetition  of 
small  Dits  of  pattern,  the  number  of  blocks  often  be- 
comes multiplied  to  an  extraordinary  degree.  A  fin»* 
barege  shawl  is  mentioned  as  having  required  mon' 
than  five  hundred  blocks  to  produce  the  entire  pat- 
tern, every  one  representing  a  different  part  of  the 
device,  either  in  color  or  pattern,  from  any  of  the 
others.  The  great  numWr  of  the  blocks  in  such  a 
case  is  principally  due  to  the  fineness,  intricacy,  and 
the  non-repetitive  character  of  the  pattern,  and  not 
to  its  size,  unlike  the  loud  trousers  pattern  of  Re- 
gent Street,  which  required  that  three  gentlemen 
should  walk  abreast  to  exhibit  it. 

In  the  calico-printing  machine,  the  pattern  is  en- 


l^ved  on  cyl- 
mders  of  cop- 
per,which  sup- 
ply themselves 
with  their  re- 
spective colors 
during  their 
revolutions, 
by  means  of 
inking -aprons 
/  from  the  col- 
or-tubs  A. 
Each  cylinder 
is  engraved 
with  its  por- 
tion of  the  pat- 
tern in  relief, 
and  they  are 
so  arranged 
that  each 
makes  its  im- 
pression in  the 
exact  spot  in 
relation  to  the 
other  parts  of 
the      pattern 
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The  machine  illustrated  is  adapted  for  two  pattern- 
rollers.  The  cloth  to  be  printed  is  unwound  from  a 
roller  /,  and  passes  beneath  the  smooth  roller  a,  re- 
ceiving an  impression  from  each  of  the  rollers  «  as  it  * 
passes.  The  roller  a  runs  in  journal  boxes,  which 
are  regulated  by  a  set  screw  b  at  each  end,  and  a 
smoothing-roller  c,  actuated  by  a  set  screw  rf,  holds 
the  cloth  against  the  roller  a.  The  pattern-rollers 
e  «  are  inked  by  the  aprons  //,  which  pass  over  the 
rollers  i  i  i,  the  outside  surfaces  of  the  aprons  coming 
in  contact  with  the  surfaces  of  the  rollers  g  g,  which 
revolve  in  the  ink-troughs  h  h. 

After  receiving  the  impressions  from  the  pattern- 
rollers  e  e,  the  cloth  A  is  led  off  to  be  dried  and 
folded. 

In  another  form  of  the  machine,  each  copper  cyl- 
inder is  engraved  with  as  much  of  the  pattern  as 


Fif.  1028. 
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the  printing  in  a  particular  color ;  the  pattern  be- 
ing  sunken,  in,  not  raised  upon,  the  cylinder. 
The  cylinders  are  arranged  horizontally,  and  each, 
as  it  rotates,  dips  into  a  trough  containing  its  own 
particular  color,  mixed  as  a  thickish  liquid.  A  long 
knife,  called  a  doctor,  then  comes  in  contact  with  the 
surface,  and  scrapes  off  all  the  color,  except  that  con- 
tained in  the  engraved  lines  of  the  pattern.      The 
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cloth  is  made  to  travel  over  rollers  and  beams,  and  to 
come  in  contact  with  the  printing-cylinders  in  suc- 
cession, being  pressed  upon  each  m  its  passage,  and 
receiving  ffom  each  an  impression.  The  cylinders 
are  ^actly  placed  in  reference  to  the  pattern,  and 
the  tension  and  rate  of  the  cloth  is  so  regulated  that 
it  comes  to  each  cylinder  in  exact  time  and  place  to 
receive  each  color  in  proper  relation  to  each  other. 

Fig.  1028  shows  a  lorm  of  machine  in  which  the 
cloth  is  presented  serially  to  a  set  of  hexagonal 
prisms  wnose  facets,  at  each  rotation  of  the  prism- 
carrier,  receive  their  color  from  cams  which  rotate 
in  their  respective  color-troughs.  Two  of  these 
troughs  are  snown,  but  more  may  be  applied  if  de- 
sired. The  motion  of  the  prism-reel  and  of  the  color- 
cams  is  so  prearranged  that  the  salient  portion  of 
each  cam  advances  to  give  color  to  its  appropriate 
prism,  while  the  others  pass  by  uncolored.  1 0, 11 , 1 2, 
are  ordinary  printing-rolls,  which  may  be  auxiliary 
to  the  prismatic  colorers.  A  is  the  main  cylinder 
which  carries  the  end  apron  on  which  the  cloth 
passes  from  the  pay-off  roUer,  past  the  printing,  and 
thence  to  the  dryer  or  ageing-loft. 

Cal'i-duot.  A  pipe  for  conveying  hot  water  or 
steam  for  heating  purposes. 

A  term  given  by  Cardinal  Polignac,  1718,  to  the 
pipes,  etc.,  in  which  air  was  heated  by  the  a^acent 
nre,  and  from  which  the  air  passed  into  the  room. 

They  were  used  by  the  ancient  Romans  f  see  Ht- 
P0CAU8T),  and  in  the  Arab  palaces  of  Cordova,  in 
Spain,  about  a.  d.  1000,  being  imbedded  in  the  walls, 
and  carrying  the  heat  of  the  hypocaust  to  the  apart- 
ments in  winter. 

CallzL  An  aUov  of  lead  and  tin,  used  by  the . 
Chinese  as  a  lining  mr  tea  canisters  and  boxes.  • 

Cal'i-penk    An  instrument,  jointed  like  a  pair 

FiK  1029. 
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CaHpers, 

of  dividers,  but  with  arched  legs,  and  adapted  for 
taking  the  diameter  of  convex  or  concave  bodies. 

It  is  said  to  have  been  invented  by  an  artificer  of 
Nuremberg  in  1540.  This  will  not  do ;  the  cali- 
pers is  a  mechanical  thumb  and  finger,  a  device  of 
very  ancient  date,  and  is  shown  on  Roman  tombs. 
See  COMPASSE.S. 


a  is  a  how  calipers,  with  arc  and  tangent  screw. 

6,  a  calipers  wnose  leg?  are  operated  by  a  worm- 
wheel  and  pinion. 

^  c  is  an  inside  and  outside  calipers  with  a  graduated 
arc  and  index-finger. 

disa  calipers  which  shows  by  the  index  and  arc 
at  the  joint  the  distension  of  the  points.  One  lea 
has  a  spring,  and  expands  as  the  calipers  is  passed 
over  the  work,  the  index  on  the  leg  showing  the 
amount  of  variation  from  the  true  size  to  which  the 
joints  have  been  set. 

e  is  a  spring  calipers. 

/,  a  common  form  of  calipers  with  arc. 

^,  inside  calipers.     A,  inside  and  outside  calipers. 

i  is  a  vernier  calipers,  for  inside  or  outside  meas- 
urements, which  reads  to  thousandths  of  inches. 
On  the  other  side  are  sixty-fourths  or  fiftieths  of  in- 
ches to  read  without  a  vernier.  The  description  of 
the  mode  of  using  this  instrument  is  well  worth  em- 
bodying here,  but  we  cannot  spare  room. 

y  is  a  spring  calipers  with  pivoted  operating  screw 
and  nut. 

A:  is  a  calipers  for  measuring  standing  or  cut  tim- 
ber ;  it  has  arms  about  thirteen  feet  long,  and  a 
brass  arc  on  which  are  figures  denoting  the  quarter- 
girth  in  feet  and  inches. 

Gunners'  calipers  are  for  measuring  the  bore  or 
caliber  of  guns  and  projectiles. 

A  scale  like  a  sliding-rule  has  different  sets  of 
numbers  engraved  on  it,  to  exhibit  the  corresponding 
diameters  in  inches  and  weights  in  pounds. 

The  graduation  is  in  accordance  with  the  rule  that 
with  balls  of  the  same  metal  the  weights  of  the  balls 
are  as  the  cubes  of  their  diameters. 

Calipers  for  inspecting  hollow  projectiles  com- 
prise :  — 

Those  for  measuring  the  thickness  of  metal  at  the 
bottom,  at  the  sides,  and  at  the  fuse-hole  reinforce. 

The  first  consists  of  a  semicircular  arm  having  a 
diametrical  sliding  index  ;  the  second,  of  a  simuar 
arm,  pivoted,  and  the  third  of  a  graduated  bar  with 
a  stationary  and  a  sliding  toe.     See  Shell-gaoe. 

Call-per-aqnare.  A  square  having  a  graduated 
bar  and  adjustable  jaw  or  jaws.  The  example  is  a 
rule  carrving  two  cross-heads,  one  of  which  is  ad- 
justed slightly  by  a  nut,  the  other  being  movable 
along  the  rule.  The  cross-heads  on  one  side  are 
adapted  to  the  measurement  of  interior  diameters  or 
sizes,  and  on  the  other  side  to  the  measurement  of 
external  sizes.     See  also  i.  Fig.  1029. 

Fig.  1031. 
Fig.  1080. 
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Cal'i**ver.  Anoldfonnofhand-guu.  Anarquebtts. 

Calk.  A  projection  from  a  shoe  or  clog  which 
digs  into  the  ice  or  frozen  ground  to  prevent  slip- 
ping. The  word  is  allied  to  the  Anglo-Saxon  word 
ealCf  a  shoe  ;  or  the  Latin  calcar,  a  spur. 

In  a  horseshoe,  the  calk  a  consists  of  a  downward 
projection  from  the  heel»  made  by  turning  over  the 
iron  of  the  heel  and  sharpening  it. 

The  calk  b  attached  to  a  boot  consists  of  a  plate 
with  spurs,  which  project  a  little  below  the  heel. 

Calk'iniK.  1.  {Shipwrightinq.)  The  process  of 
filling  the  seams  between  the  planks  of  vessels,  and 
of  spreading  the  ends  of  the  treenails,  by  driving  in 
oakum. 

Oakum  is  made  by  cutting  old  ropes  and  cables 
into  short  lengths  called  Juiw,  and  picking  that  to 
pieces. 

The  seam  is  opened  by  a  reaming-iron,  driven  by 
a  beetle,  and  the  threads  of  oakum  driven  in,  one  af- 
ter another,  by  a  calking-iron  and  beetle.  It  is  far- 
ther compressed  by  a  ttiaking-iron,  or  horse-iron,  held 
by  one  man  and  driven  by  another.  This  is  called 
horsing-up. 

It  is  then  payed  with  melted  pitch. 

The  calking  of  plates  in  iron  ships  is  performed 
by  two  men,  —  one  holding  a  chisel  or  callcing-tool, 
and  the  other  striking  it  with  a  hammer,  making  a 
slight  indentation  along  the  seam.  The  effect  of 
this  is  to  force  the  edge  of  one  plate  hard  against 
the  other,  and  thus  fill  up  any  slight  crevice  between 
the  plates  which  the  rivets  have 
Fig.  lOffi.  failed   to   close.     See    Calkino- 

CHI8EL. 

2.  Tracing  with  a  style  the  out- 
lines of  a  print  which  lies  on  a 
colored-chalk  {Kiper  superimposed 
on  a  white  sheet  of  paper.  By 
this  means  a  chalk  outline  is  im- 
parted to  the  lower  paper.  It  is 
the  principle  of  tne  manifold 
writer.     Also  written  calquing. 

Calk'ing-an'viL  A  black- 
smith's anvil  or  hardy,  adapted  for 
the  turning'  over,  forming,  and 
shai'pening  of  horseshoe-calks. 

Calk'ing  -  chiB'eL  Calking- 
chisels  for  closing  the  seams  he- 
tween  iron  plates  are  made  of  dif- 
ferent sizes  and  forms.  The  an- 
nexed illustration  is  as  good  as  a 
specific  description.  It  shows 
chisels  in  side  and  front  views, 
and  also  the  operation. 

Calk'ing-i'ron.  A.Calkino- 
CHisEL  (which  see). 

Calk'ing-tongB.  An  imple- 
ment for  sharpening  the  calks  of 
horseshoes.  In  the  example,  the 
set  screw  (?  is  set  so  that  the  rear  of  the  calk  may 

Fig.  1088 


Fir. 


u 


Calking' Chuels. 


Ccdking'TntfS. 

bear  a^nst  it,  while  its  lower  edge  is  trimmed  by 
the  chisel-edged  jaw  H  without  detaching  the  shoe. 


Calk'ing-viM.  An 
■ivil  with  a  jaw  at- 
tached; MiiBg  as  a  viae 


Calking'  Tise. 


to  grasp  the  shoe  while 
the  calks  are  swaged  by 
the  hammer, 
device    for   sharpening 


Calk-«harp'en-er.    A 
horseshoe-calks.      In  the  example,  the  frame  B  is 
clamped  to  the  shoe  by  means  of  a  screw.     The  ro- 

Flg  1086. 
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Calk' Sharpener, 

tary  cutter  O  is  adjustable  on  the  frame,  and  is 
operated  by  a  crank  /. 

CalkHiwage.  A  swage  for 
forming  horseshoe-calks.  That 
illustrated  has  the  die-piece  B 
inserted  into  a  niet&Ilic  block  A, 
so  that  it  may  be  readily  re- 
moved and  replaced  by  another. 
The  shank  sets  in  the  hardy- 
hole  of  the  anvil. 

CalL   A  boatswain's  whistle. 

Cal-laud     Bat'ter-y.      A 
double-fluid   battery,  invented 
by  Jean  Armand  Callaud,  a  French  electrician ;  prac- 
tically a  modification  of  DanicU's. 

The  porous  cup  or  partition  is  dispensed  with,  a 
single  cell  being  used  ;  the  separation  of  the  fluids 
being  effected  by  their  difl*erence  in  specific  gravity. 

In  the  cell  the  copper  or  —  element  is  at  the  bot- 
tom, while  the  zinc  or  -H  element  is  suspended  in 
the  up^ier  half  of  the  cell,  which  is  then  nlled  with 
a  saturated  solution  of  sulphate  of  zinc.  Sulphate 
of  copper,  in  crystals,  is  then  gently  dropped  in,  fall- 
ing to  the  bottom,  where  it  dissolves,  and  remains, 
owing  to  its  greater  specific  gravity. 

Of  the  Callaud  battery,  there  are  several  modifi- 
cations;  namely, ->- 

Hill's,  in  which  a  vertical  glass-tube,  open  at 
both  ends,  is  introduced,  its  lower  end  resting  in  the 
copper  solution,  its  upper  end  extending  up  to  the- 
top  of  the  cell.  Its  function  is  that  of  a  feeding- 
reservoir  for  the  copper  solution,  the  sulphate  of  cop- 
per being  introduced  therein. 
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Phelps's,  in  which  the  changes  are  merely  mechan- 
ioal,  giving  greater  surface  to  the  elements,  and  sus- 
pending the  zinc  by  a  central  upright  arm  from  a 
three-armed  support  resting  on  top  of  the  cell. 
The  Callaud  battery  has  met  with  great  favor,  and 
gone   into    extended 
Fig.  1037.  use  on  account  of  its 

simplicity,  cheap- 
DMB,  and  constancy. 
Call-bell.  A 
small  stationary  hand- 
bell. In  that  illus- 
trated a  vertical  plun- 
ger passes  through  the 
axis  of  the  bell,  and, 
b V  means  of  its  slotted 
plate,  vibrates  the 
clapper,  which  is  piv- 
oted beneath.  The 
blow  is  repeated  as 
the  plunger  is  again 
QiU-BeU.  raised  by  the  spiral 

spring. 
Cal-li'o-pe.    Calliope  (the  sweet-voiced)  was,  in 
ancient  mythology,  the  muse  who  presided  over  epic 
poetry,  or  poetry  in  general. 

The  instrument  represented  in  Fig.  1038  can,  how- 
ever, hardly  lay  claim  to  be  called  sweel-yoiQed.     It 
consists  of  a  series  of  steam-whistles  toned  to  pro- 
Fig.  1038. 


CaUor'io-en'gine.  A  name  ooolMmd  by  Ericsson 
upon  his  hot-air  engine,     8w  Air-engine.  ' 

Ca-lor'i-fere.  A  French  heating-^ipparatus,  in- 
vented by  Bonnemain,  of  Paris,  1777,  in  which  an 
asticading  cun-ent  of  hot  water   proceeds   from  a 


Fig.  1089. 


CUon/rre. 


boiler,  and,  after  coursing  through  the  system  of 
heating-pipes  in  the  various  stories  and  apartments, 
descends  again  to  the  boiler,  comparatively  cool. 

The  system  has  been  amplified,  hot-wAter  urns 
being  placed  in  the  various  apartments  and  heated 
by  a  branch-pipe  from  the  main  artery,  the  cooled 
water  or  water  of  condensation  flowing  to  the  venous 
system  of  descending  pipes,  which  reach  again  the 
heartkwhence  the  water  flowed.  « 

Watt  warmed  buildings  in  this  manner  in  1784. 
Cal'o-4if  ios.    In  the  systematic  classification  of 
mechanical* subjects,  those    devices    concerned   in 
heating,  by  fire  directly  or  by  steam, 
hot  water,  or  hot  air  in  vessels  or  by  pipes 
or  flues. 

Heating  and  cookins  stoves,  grates, 
ranges,  and  fireplaces ;  hot-air  furnaces, 
flues,  and  ducts,  their  dampers,  valves, 
regulators,  and  thermostats  ;  gas  stoves 
and  cookers  ;  cooking-utensils,  and  the 
appliances  of  the  above.  See  list  under 
Stoves  and  Heating-appliances. 

Pal'o-rim'e-ter.  An  instrument  for 
measuring  the  quantity  of  heat  given 
out  by  bodies  in  passing  from  one  tem- 
perature to  another. 

Fig.  1040. 


Calliope. 

duce  musical  notes.  Tlie  valves  by  which  steam  is 
admitted, to  the  whistles  are  operated  by  keys  ar- 
ranged like  those  of  an  organ. 

It  is  sometimes  placed  on  the  upper  or  hurricane 
deck  of  steamboats,  serving  to  amuse  the  passengers 
and  a.stonish  the  natives  on  shore. 


In  its  special  form,  as  invented  by 
Lavoisier  and  Laplace,  it  operates  by 
the  melting  of  ice  around  the  body  to 
be  tested ;  determining  the  specific  heat  of  the  body. 
This  method  consists  in  neating  a  given  weight 
of  the  body  up  to  some  fixed  temperature,  say  212", 
then  plunging  it  into  dry  ice,  and  subseauently  de- 
termining the  amount  of  ice  which  it  melts  in  cool- 
ing down  to  32°. 
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The  body  whose  specific  heat  is  to  be  determined, 
after  having  been  weighed  and  heated  for  some  time 
in  an  oil  or  water  bath,  is  placed  in  the  central 
compartment  M.  A  lid  is  quickly  ]»laced  over  it, 
and  covered  with  pounded  ice,  which  ah-eady  fills 
the  surrounding  vessel-^.  Over  this  another  lid  is 
placed  and  covered  with  ice,  which  the  outer  con- 
centric vessel  B  also  contains.  Finally  a  double  lid 
covers  the  whole.  The  vessel  M  is  thin,  so  that  the 
ice  in  ^  is  quickly  melted,  and,  flowing  out  by  the 
stopcock,  is  collected  and  weighed.  The  ice  in  ^  is 
but  little  affected,  and  any  water  that  may  collect 
passes  off*  by  stopcock  E. 

The  latent  heat  of  water  being  known,  the  specific 
heat  of  the  substance  may  be  readily  calculated  from 
the  quantity  of  water  which  has  bsen  melted  from 
the  ice  in  A. 

Black's  method  was  a  single  block  of  ice  in  which 
a  cavity  was  made  to  contain  the  heated  body  over 
which  an  ice  cover  was  laid.  After  a  time  the  sub- 
stance aid  cavity  were  wiped  dry  with  a  cloth, 
the  weight  of  the  water  of  hquefaction  determined, 
including  the  moisture  imbibed  by  the  cloth. 

Other  modes  are  cited  by  writers  on  thermotics. 

Ca-lor'1-mo'tor.  A  voltaic  battery  formed  of  a 
single  pair  of  extremely  large  plates.  The  plates 
may  be  coiled  around  each  other,  and  suspended 
over  a  tub  of  acidulated  water,  into  which  they  may 
be  lowered  at  pleasure. 

The  apparatus  possesses  extraordinary  deflagrating 
power. 

Ca-lotte'.  (Architecture.)  A  cup-shaped  eleva- 
tion or  small  dome  in  the  ceiling  of  a  chamber  or 
alcove,  to  increase  its  elevation ;  so  called  from 
calotte^  a  segment  of  a  sphere. 

Cal'o-t3me.  {Photography.)  A  process  invented 
by  Fox  Talbot.  Paper  saturated  with  iodide  of 
sUver  is  exposed  to  lignt,  and  the  latent  image  devel- 
oped, and  afterwards  fixed  by  hyposulphite  of  soda. 

The  paper  is  floated  on  a  solutiQp  of  iodide  of 
potassium,  dried,  floated  on  a  solution  of  nitrate  of 
silver.  The  effect  is  a  film  of  iodide  of  silver,  by 
the  double  decomposition  of  the  two  salts  in  contact. 
Excess  of  salts  is  washed  away,  and  the  paper  dried, 
in  the  dark.  The  sheet,  before  use,  is  floated  on  a 
solution  of  gallo-nitrate  of  silver.  After  exposure 
in  the  camera  the  latent  image  is  develo^d  by 
nitrate  of  silver  and  saturated  solution  of  gallic 
acid;  then  fixed  by  bromide  of  potassium  and 
hyposulphite  of  soda.  The  r^ult  is  a  negative, 
which  by  a  repetition  of  the  process  produces  a 
positive. 

Calqu'ing.    See  Calking. 

Cal'trop.    {Fortification.)    A  pointed  instrument 

to  impede  the  progress  of  cavalry. 

Fig.  1041  It  IS  a  ball  with  four  spikes,  so 

«  arranged  that,  fall  as  it  will,  one  is 

^  vertical  and  the  other  three  stand 

as  a  tripod. 

Bronze  caltrops  {tribulus)  were 
'  used  by  the  Romans. 

Calx.     1.    Broken   and  refuse 

W  glass,  which  is  restored  to  the  pots. 

2.  A  metallic  oxide,  the  result  of 

OaUrop.  the  calcination  of  a  metallic  earth 

or  ore. 

Cal'y-on.  Flint  or  pebble  stone,  used  in  build- 
ing walls,  etc. 

Cam.  A  revolving  disk,  asoally  of  a  spiral, 
eccentric,  or  heart  shape,  fixed  on  a  shaft ;  or  such 
other  form  as  to  impart  to  a  lever,  rod,  or  block  in 
contact  with  it  such  velocity  or  alternating  or 
variable   motion  as  may  be   required.     See  Cam- 

WHSEL. 
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The  cam  for  one  form  of  expansion  gear  of  steam- 
engines  has  a  disk  of  cast-iron  whose  periphery  is 
cut  in  steps  so  as  to  suit  the  different  degrees  of  ex- 
pansion. 

Ca-malen.  {Fine  Arts.)  A  painting  in  a  single 
color.     A  monochrome. 

Cam-ball  Valve.  A  valve  actuated  by  a  cam 
on    the    axis    of   a 

ball-lever,  so  that,  as  Fig.  1042. 

the  float  rises  in  the 
cistern,  the  cam  shall 
press    against     thei 
stem   of    the   valve  t 
and  close  it  against 

its  seat,  thus  shut-  Cam-BaU  Valve. 

ting  off"  the  supply 

when  a  given  level  has  been  attained  in.  the  cistern, 
tank,  or  boiler. 

Cam-bayes'.  Cotton  cloths  made  in  Bengal, 
Madras,  and  other  places  in  India. 

Cam'ber.  1.  A  curvature  upwards,  as  a  deck 
amidships,  a  bridge,  a  beam,  or  a  linteL 

It  is  given  for  — 

a.  Conferring  stability,  as  in  a  bridge,  beam,  or 
girder. 

b.  Giving  a  water-shed,  as  in  a  deck  or  roof. 

c.  Compensating  for  settling  or  subsidence,  as  in 
the  soffits  of  straight  arches. 

2.  The  cur%'e  of  a  ship's  plank. 

Cam'ber-beanL  A  beam  which  is  laid  upon 
the  straining-beam  in  a  truncated  roof,  and  supports 
the  lead  or  copper  covering  of  the  summit.  It  has 
a  slope  towards  each  end  to  run  off*  the  water. 

Cam'ber-slip.  {Bricklaying.)  A  strip  of  wood 
with  one  edge  curved  e<^ual  to  a  rise  of  one  inch  in 
six  feet.  Used  for  striking  the  soffit-lines  of  straight 
aixihes,  to  give  them  a  slight  rise,  in  order  that  they 
may  settle  straight. 

Cam'breL  An  iron  with  hooks  on  which  to 
hang  meat.     See  Gambrel. 

Cam'bxio.  {Fabric.)  a.  A  delicate  linen  fabric, 
originally  manufactured  at  Cambray. 

It  is  of  fine  texture,  white,  and  is  checked,  striped, 
or  plain. 

b.  A  cotton  fabric  in  imitation  of  fine  linen.  Its 
varieties  are,  glazed,  white,  and  colored  for  linings  ; 
twilled,  figured,  striped,  and  corded. 

Came.  A  grooved  h^x  of  lead  adapted  to  hold  a 
pane  of  ^lass.  These  cames  cross  each  other  at 
angles,  bemg  usually  diagonally  disposed  in  lattice 
form  in  the  frame  of  the  window.  The  diamond- 
shaped  panes  are  termed  quarrels;  the  mode  of 
glazing,  fret-work. 

Cam'eL  1.  A  water-tight  structure  placed  be- 
neath a  vessel  or  a  load,  to  raise  it  in  the  water,  in 
order  to  assist  its  passage  over  a  shoal,  a  bar,  or  to 
enable  it  to  be  navigiated  in  shoal-water. 

Camels  were  used  by  the  ancients  in  floating  and 
moving  heavy  obelisks  and  monoliths. 

The  camels  used  by  the  Venetians  for  floating 
large  vessels  over  the  Laguna  consisted  of  four  cases 
with  concave  sides,  so  made  as  to  embrace  the 
whole  ship.  They  were  towed  under  the  ship, 
fastened  together,  and  the  water  was  then  pumped 
out. 

Camels  are  in  frequent  use  in  Holland  for  floating 
vessels  over  the  sands  and  bars.  The  length  of  one  oi 
these  cUmels  is  127  feet ;  the  breadth  at  one  end  is 
22  feet,  at  the  other  13  feet.  The  interior  is  divided 
by  water-tight  partitions. 

A  vessel  drawing  15  feet  of  water  could,  by  tiiis 
means,  be  made  to  draw  only  11  feet,  and  the  lar- 
gest man-of-war  in  the'Dutch  service  could  be  made 
to  pass  the  sand-bars  of  the  Zuyder  Zee.     The  in- 
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vention,  in  Holland,  is  ascribed  to  Menves  Meinder- 
tsaeoon  Bakker,  of  Amsterdam,  abont  1688. 

The  approaches  to  Amsterdam  had  always  been 
obstructed  by  sand-bars  and  similar  obstacles,  so 
that  vessels  of  heavy  draft  were  forced  to  receive  and 
deliver  the  greater  part  of  their  cargoes  several  miles 
below  the  city,  which  was  effected  by  means  of  light- 
ers. Tif  enable  large  vessels  to  pass  the  shoals,  pre- 
vious to  the  invention  of  the  camel,  large  chests 
filled  with  water  were  fastened  to  their  bottoms,  and 
ihe  water  was  afterwards  pumped  out.  This  method 
was  attended  with  great  difficulty,  but  in  the  year 
1672  it  was  employ^  to  get  the  whole  Dutch  fleet 
to  sea. 

The  camel  of  Bakker  consisted  of  two  half-ships 
built  in  such  a  manner  that  they  could  be  applied 
below  water  on  each  side  of  the  hull  of  a  lai^  vessel. 

On  the  deck  of  each  were  a  number  of  windlasses 
from  which  ropes  proceeded  through  openings  in  the 
one,  and,  being  carried  under  the  vessel  to  be  raised, 
entered  like  openings  in  the  other,  and  were  carried 
'to  the  windlasses  on  deck.  When  used,  a  sufficient 
quantity  of  water  to  sink  them  to  the  required  depth 
was  admitted  into  the  two  halves  of  the  camel ;  the 
ropes  were  ca/t  loose,  and  the  vessel  conducted  be- 
tween tljem.  Large  beams  were  passed  horizontally 
through  the  port-holes,  with  their  ends  resting  on 
the  camel  on  each  side.  The  ropes  were  made  fast, 
the  ship  secured  between  the  two  parts  of  the  camel, 
and  the  water  pumped  out,  when  they,  of  course, 
rose,  bearing  the  ship  up  with  them.  By  this  ap- 
paratus, a  vessel  could  oe  raised  from  four  to  six 
feet. 

A  primitive  arrangement  of  this  sort  was  used  by 
Perry  in  1813,  by  which  he  succeeded  in  getting 
his  two  largest  vessels,  which  drow  too  much  water 
to  cross  the  bar,  out  of  the  harbor  of  Erie,  Penn.,  in 
the  face  of  the  enemy.  The  guns,  loaded  and  shot- 
ted, were  whipped  out,  landed,  and  placed  in  bat- 
tery on  the  shore. 

A  large  scow  was  placed  on  each  side  of  the  vessel 
and  filled  with  water ;  beams  were  .passed  through 
the  ports,  resting  on  blocking  in  the  sunken  scows, 
which  were  then  pumped  out,  raising  the  vessels  sev- 
eral feet. 

The  camels  used  by  Colonel  Gowen,  in  removing 
the  sunken  vessels  which  obstructed  Sebastopol  har- 
bor, had  a  Ufting-power  of  5,000  tons.  They  were 
nearly  submerged,  and  then  connected  by  chain-falls 
to  a  vessel,  through  the  ports  or  under  the  bottom. 
Being  then  pumped  out,  the  vessel  was  raised,  and 
floated  to  shallower  water,  when  the  process  was  re- 
peated, and  so  on. 

2.  (Stocking-frarru.)  A  bar  mounted  upon  four 
wheels,  and  capable  of  being  drawn  forward  and  back- 
ward through  a  small  space.  Upon  it  are  mounted 
the  jacks  with  their  springs,  and  the  slur-bar  upon 
which  traverses  the  slur  by  which  the  jacks  are 
actuated  successively. 

Cam'e-o.    1.  Salient,  as  opposed  to  intaglio. 

2.  A  stone  or  shell  carved  in  relief. 

The  peculiar  feature  required  in  the  material  is 
that  it  shall  have  parallel  layers  of  different  colors. 
Some  varieties  of  cnalcedony  fulfill  this  requisition, 
as  the  agaUt  which  is  striped  and  has  layers  of  vary- 
ing curvatures,  and  sometimes  curiously  contorted 
strata  around  a  general  center. 

Another  chalcedony  is  the  onyx,  which  has  paral- 
lel layers  of  varying  colors,  and  is  considered  the 
choicest  materialYor  cutring  cameos. 

The  commoner  material  for  cameos  is  the  conch- 
shell  (stromhus)^  a  mollusk  found  in  many  parts  of 
the  world,  and  having  two  distinct  layers  oi  differ- 
ent colors  and  chamcter.     The  inner  layer  is  dark- 


colored,  black  in  the  finer  specimens  from  the  West 
Indies  and  South  America,  and  pink  in  other  speci- 
mens, which  are  not  so  highly  prized,  as  being  leu 
like  the  Oriental  onyx. 

The  porcelanoua  or  inner  portion  is  very  hard  and 
intractable  to  tools  of  steel.  It  is  dark,  and  forms 
the  basis  or  ground  of  the  picture,  which  is  cut  in 
the  nacreous^  whiter,  exterior  portion,  which  yields 
readily  to  graving-tools. 

In  divi(ung  the  shell  into  pieces  of  suitable  size 
for  the  purpose  intended,  the  lapidary's  sUcer  is 
used,  furnished  with  diamond  dust  or  some  abra- 
dant of  sufficiently  hard  grit.  Whatever  may  be 
the  material  employed,  the  figure  is  cut  in  one  layer 
upon  the  other  layer  as  a  basis  or  ground. 

The  piece  of  shell  is  cemented  to  a  block,  and  is 
cut  by  a  variety  of  carving-tools,  rather  approaching 
the  chisel  in  their  manner  of  manipulation  ;  the  cut 
being  obliquely  downwards,  to'  avoid  scaling  off  a 
layer  of  the  nacreous  shell. 

The  limits  of  this  work  forbid  detailed  artistic  de- 
scription. The  work  in  relief  is  polished  with  put- 
ty-jpowder,  applied  by  a  tooth-brush. 

Engraving  m  relief  on  monocolored  gems,  such 
as  the  beryl  or  emerald,  does  not  fulfill  the  conditions 
of  the  true  cameo. 

Cam'e-o-in'oms-ta'tioiL  During  the  last  cen- 
tury the  Bohemian  fl^ass-makers  excited  surprise  hy 
producing  bas-relier  casts  of  busts  and  m^ls  in- 
closed within  a  coating  of  white  flint-glass,  and  an 
extension  of  this  art  was  sub6e<|uently  patented  in 
England.  The  process  consists  m  making  the  arti- 
cle to  be  incrusted  of  less  fusible  materials  than 
those  of  which  the  glass  by  which  it  is  incrusted  is 
composed.  A  mixture  of  China  clay  and  silicate  of 
potash  is  found  to  answer  this  requirement  The 
oust  or  bas-relief  is  made  of  this  material  in  a  plas- 
ter mold,  and  after  being  slightly  baked  is  gradually 
cooled.  A  mass  of  transparent  glass  is  blown  hol- 
low, with  one  end  open,  and  the  clay  cameo,  heated 
to  redness,  is  placed  within  it.  The  mass  is  pressed 
or  welded  to  make  the  two  substances  adhere,  and 
the  ^lass- blower  draws  out  the  air  from  within,  thus 
causing  the  glass  to  collapse  and  to  firmly  unite  with 
the  cameo.  When  the  glass  is  cut  and  polished  to 
any  desired  form,  the  effect  produced  is  striking  and 
beautiful ;  for  the  clay  cameo  or  bust  has  the  appear- 
ance of  unbumished  silver  isolated  in  the  miast  of 
the  solid,  transparent  glass.  Small  articles  are  in- 
crusted in  a  more  expeditious  manner,  especially 
upon  glass  goblets  or  similar  hollow  vessels.  The 
hot  cameo  is  placed  upon  the  hot  vessel,  a  small 
piece  of  semi-liquid  glass  is  dropped  upon  it,  and 
this  both  fixes  tne  cameo  in  its  place  and  forms  a 
glassy  layer  to  inclose  it. 

Cam'e-o-type.  (Photography.)  A  fanciful  name 
given  to  a  small  vignette  daguerreotype  for  mount- 
ing in  a  jeweled  frame  like  a  cameo. 

Cam'e-ra.  The  cameras  used  in  photography 
are  known  by  names  which  indicate  construction  or 
purpose.     They  are,  — 

Folding^  so  as  to  be  portable. 

Expanding  ;  the  front  part  is  rigid  and  carries  the 
lens,  the  after  part  slides  on  the  front  part,  and 
carries  the  dark  slide  and  focusing-screen. 

Bellows-camevA  ;  the  front  and  after  sides  connect- 
ed by  a  flexible  cover. 
•  C^pytM^-camera. 

Solar  camera ;  the  sun's  rays  are  transmitted 
through  a  transparent  negative. 

Stereoscopic  camera  ;  two  cameras  in  one,  taking 
two  pictures  on  the  same  plate.  A  substitute  ar- 
ran^meiit  is  that  in  which  the  camera  receives  suc- 
cessive positions  on  one  stand  with  two  stations. 
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Panoramic  camera,  one  in  which  a  picture  may 
be  taken  upon  one  flat,  inchiding  an  angle  of  90" 
more  or  less.  Invented  by  Sutton.  See  also  Pho- 
tographic CAMERA. 

Cam'e-ra-lu'oi-da.  Founded  upon  the  inven- 
tion of  Baptista  Porta  (1589),  by  Dr.  Hooke,  about 
1674.  Improved  by  WoUaston,  1805.  Phil.  Trans., 
Vol.  XXXVIIl.  p.  741. 

It  consists  of  a  fflass  prism  a  b  c  d,  hy  means 
of  which  rays  of  lignt  are  bent  by  two  reflections 
into  a  path  at  riffht  angles  to  thcjir  previous  direc- 
tion. A  ray  of  fight  proceeding  from  0  enters  the 
face  of  the  prism  at  a,  is  reflected  bv  b  and  c  till  it 
assumes  the  direction  c  E,  at  which  latter  point  is 
the  eye  of  the  observer. 

As  a  contrivance  of  Dr.  Wollaston,  for  the  pur- 
pose of  delineating  a  microscopic  object,  it  consists 
of  a  prism  fitted  ou  the  Trout  of  the  eye-piece  of  the 
micn>scope  J?,  in  place  of  the  cap  oy  which  it  is 
usually  surmounted.  The  rays  passing  through  the 
eye-piece  into  the  prism  are  reflected  from  its 
oblique  surface  and  come  to  its  upper  horizontal  sur- 
face at  right  angles  to  their  former  direction,  and 
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Qnnera'Lucida. 

the  eye  receives  them  with  a  part  of  the  pupil, 
while  it  looks  beyond  the  prism,  with  the  other  part 
of  the  pupil,  to  a  white  paper  surface  iV,  on  the 
table, 'and  the  hand  follows  with  a  pencil-point,  P, 
the  outlines  of  the  object  apparently  projected 
thereon.  The  image  and  the  paper  occupy  the  same 
field,  and  the  image,  therefore,  is  apparently  dis- 
played upon  the  paper. 

The  optigraph  is  an  instrument  for  the  same  pur- 
pose, but  of  different  construction.    See  Optiouaph. 

Cam'e-ra-ob-scu'ra.  The  invention  of  this  in- 
strument has  been  credited  to  Roger  Bacon,  1297, 
and  to  Albert!,  1437.  It  was  described  by  Leonardo 
da  Vinci,  in  1500,  as  au  imitation  of  the  mechanical 
structure  of  the  eye.  The  theory  of  optical  sen- 
sation was  laid  down  by  Alhazen  the  Saracen,  a.  d. 
1100.    See  Binocular  Glasses. 

Bantista  Porta,  in  1589,  mentions  it  in  his  book 
on  "Natural  Magic."  Sir  Isaac  Newton  remodeled 
it,  1700.  Daguerre,  in  1839,  rendered  the  images 
obtained  therein  permanent,  after  Wedgewood,  Davy, 
and  Niepce  had  only  partially  succeeded.  See  Pho- 
tography. 

The  camcra-obscura  as  described  by  Baptista  Porta 
is  a  dark  chamber  of  cylindrical  form,  with  a  lens  at 
one  end  and  a  white  card  or  paper  at  the  other,  so 
placed  as  to  be  within  the  focus  of  the  glaak  upon 
which  the  external  image  is  depicted. 

The  instrument,  for  the  uses  of  photographers,  has 
been  enlarged  and  improved.  Achromatic  and  peri- 
scopic  glass  have  been  employed  ;  facilities  for  ad- 
justment in  hight,  angle  of  presentation,  and  for 
focus,  and  arrangements  for  introducing  and  with- 


drawing the  slides.  See  Photographic  Camera  ; 
Solar  Camera,  etc. 

Before  the  photographic  art  had  attained  any  ce- 
lebrity, the  camera 

was  sold  in  the  stores  ^*  1044. 

of  opticians  in  a  por- 
table form,  and  used 
in  taking  sketches 
from  life  and  from 
nature. 

The  beams  of  light 
enter    at   the    lens 

in  front  of  the  box.  Camera^  Obuura. 

and  the  ima^e  of  the 

objects  in  tne  field  are  reflected  by  the  mirror  b 
against  the  under  side  of  the  ground  glass  a.  The 
outlines  of  the  objects  are  then  traced  on  the  ground 
glass,  or  on  a  sheet  of  paper  sufficiently  transparent 
for  the  purpose. 

Cam'e-raHitand.    {Photography.)    A  frame  on. 
which  the  camera  rests,  and  which  is  aiyustabic,  to 

FIg.l0i6. 


I- 


CanurorSumd* 

vary  the  hight,  horizontal  presentation,  or  inclina- 
tion of  the  optic-axis  as  may  be  rec|uired.  In  the 
example,  the  elevation  and  inclination  of  the  cam- 
era-platform are  obtained  by  a  compound  arrange- 
ment of  lifting-haTH,  ratchets,  and  pawls,  acting 
within  and  upon  a  frame  mounted  on  castera. 

Cam-gear  WheeL  An 
arrangement  of  gearing.  Fiff- 1046. 

1.  The  motion  of  the  cam- 
shaped  cog-wheel  being  con- 
tinuous, and  the  rotation  of 
its  axis  in  uniform  times,  the 
speed  imparted  to  the  pinion 
is  variable,  and  the  respec- 
tive axes  alternately  ap- 
proach and  recede  as  the 
cogged  cam  revolves. 

2.  The  motion  being  de- 
rived from  the  pinion  by  the 
band  from  the  dnim,  the 
meshing  of  the  pinion  with 
the  cogged  cam  will  give  a  Cnm-Grw  Wked 
variable  vibrating  movement 

to  the  bell-crank  and  to  the  rod  connected  thereto. 

Ca'mi-on.  A  heavy  dray  for  the  transportation 
of  ordnance. 

Camlet  (Fabric.)  A  cloak-stuff"  formerly  made 
of  camel's  hair,  alone  or  mixed  with  silk  ;  since 
made  of  wool  and  silk  or  wool  and  flax.  It  was  a 
fashionable  cloak  stufl"  in  the  days  of  our  fathers 
and  their  fathers.  It  was  rigid  from  close  weaving, 
and  nearly  waterpitwf.  It  went  out  when  india- 
rubber  fabrics  came  in. 
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Oamel's-hair  cloth  is  used  for  tent  coverings  in 
Algiers  bv  the  Kabyles  and  Berbers ;  in  China  for 
carpets ;  m  Turkey  for  soldiers*  coverlets ;  in  Cir- 
cassia  for  dreadiiaught  cloaks.  Fine  or  coarse,  its 
uses  ara  great  and  various.  Marco  Polo  refers  to 
this  manufacture  at  the  city  of  Kalaka,  in  the 
province  of  Tangut,  in  the  domain  of  the  great 
Genghis  Rhan. 

•*  After  dinner,  I  put  on  my  new  camelott  suit ; 
the  best  I  ever  wore  m  my  life,  the  suit  costing  me 
above  £  24  **  (Pepya's  Diary,  1665).  This  was  a  rich 
silk. 

.  **This  night  ray  new  camelott  riding  coate  to  my 
colored  cloth  suit  came  home"  (Pepys,  1662). 
This  latter  was  possibly  not  **my  gray  cloth  suit 
and  faced  white  coate,  made  out  of  one  of  my  wife's 
petty -coates." 

Ca-mou-'flet.    (Fortificatimi.)    A  small  mine  or 
countermine  charge  intended  to  blow  in  the  side  of 
a  gallery. 
Cam'pa-nile.      (Architecture.)       A  bell -tower, 

principally     used 
Wg.  1047.  for    chui-ch    pur- 

poses,   but    now 
sometimes  for  do- 
mestic edifices  in 
the  Italian  style. 
Camp-bed.  A 
bedstead   for  the 
use    of    military 
men  or  travelers ; 
they  are  variously 
constructed,    the 
object  beinglight- 
ness  and  economy 
g.  of  space  for  facility 
^  of  transportation, 
and    are    usually 
CampaniU.  made  of  iron.     A 

cot. 
Camp-ceil'ing:.    {Architecture.)    One  in  which 
the  mai*ginal  portion  is  sloping,  following  the  line 
of  the  rafters,  while  the  mid-portion  is  level. 

Camp-chair.  A  form  of  folding  chair  adapted 
to  be  carried  by  a  pedestrian,  or  packed  away  in  an 
ambulance  or  wagon  when  on  the  march.  See  Fold- 
ing-chair. 

Camp-kit  A  box,  with  its  contents,  for  con- 
taining soldiers'  cooking  and  mess  utensils,  such  as 
the  camp-kettle,  plates,  etc. 

Camp-milL  A  mill  adapted  for  the  use  of  an 
army,  to  grind  grain  on  the  march  or  in  camp.  It 
is  carried  on  a  wagon  or  ninning-gears,  and  is  some- 
times driven  by  the  wheels  in  traveling ;  sometimes 
by  a  sweep  operated  by  horses  or  men  after  the 
wheels  are  anchored  or  sunk  in  the  ground. 

The  first  portable  mill  thus  adapted  to  its  own 
carriage  appnears  to  have  been  invented  by  Pompeo 
Targone,  engineer  to  the  Marquis  Ambrose  Spinola, 
about  the  end  of  the  sixteenth  century.  See  Grind- 
ING-MILL ;  Hand-mill. 

Camp-ta'ble.  One  adapted  to  fold  into  a  small 
space  for  transportation. 

Camp-sheet'lng.  (Hydraulic  Enaineering.)  A 
piling  erected  at  the  foot  of  an  embankment  to  pre- 
vent the  out-thrust,  or  the  washing  by  the  current 
or  waves. 

It  consists  of  guide-piles  exteriorly,  against  which 
are' placed  wale- pieces,  which  are  horizontal  timbers. 
Within  these  are  driven  vertical  planks  of  the  na- 
ture of  pile-sheeting. 

Camp-stool.  A  chair  whose  frame  folds  up  into 
a  small  compass  for  convenience  of  packing  or  car- 
riage.    Camp-stools  were  kuo^oi  in  ancieut  Egypt, 


and  were  constructed  in  a  manner  similar  to  ours. 
They  fn^quently  occur  in  the  ^ntings,  and  some 
have  been  preserved  till  our  time.  One  found  at 
Sakkarah  is  in  the  Abbott  Collection,  New  York. 
See  Chair  ;  Foldino-chair. 

Camp-stove.  A  light  sheet-iron  stove,  specially 
arranged  with  a  view  to  portability,  and  adapted  for 
heating  a  tent  or  hut,  and  for  cooking  purposes. 

Camp-tn'li-oon.  (FaJbric. )  A  compound  used 
as  a  substitute  for  carpet  or  oil-cloth. 

It  is  made  by  a  comoination  of  powdered  cork  and 
the  poorer  qualities  of  india-iiibber,  and  is  painted 
or  ornamented  on  the  surface  like  oil-cloth.  It  is 
not  suitable  for  chambers,  as  being  a  good  con- 
ductor of  heat,  and  feeling  as  cold  to  the  bare  feet 
as  wood  or  oil-cloth.  A  convenient  application  of 
this  substance  is  for  cleaning  knives,  and  is  made 
by  covering  a  strip  of  wood  with  it ;  then  sprinkling 
the  surface  with  the  cleaning  powder,  and  rubbins 
on  the  knife.  The  suriace  does  not  wear  away,  and 
the  result  is  very  satisfactory. 

Cam-shaft  A  shaft  having  cams  or  toipers,  for 
raising  the  pestles  of  stamping-mills.  A  tumbling' 
shaft  y  or  wallotoer.     See  Cam -wheel. 

Cam-ixrheeL  A  wheel  with  a  projection  (or  pro- 
jections) either  on  the  periphery  or  face,  adapted 
to  give  motion  to  another  object  against  which 
it  impinges  by  sliding  contact.  The  i^^?^- wheel 
is  an  example  (which  see). 

In  the  illustration,  a  represents  the  cam- wheel  as 
lifting  a  stamp-rod  or  beetle  ;  in  b  the  duty  of  the 
cam-wheel  is  to  give  an  intermittent,  reciprocating 
motion  to  the  mlt,  which  is  returned  by  a  spring 
after  eac^  impulse.     Their  forms  and  applications 

Tig.  1048 


Qwi' Wheel*. 

are  very  various,  and  the  actions  of  the  heart-wheel 
and  eccentric  are  substantially  similar.  The  ?ieart 
is  a  cam  with  a  regular  motion,  so  as  to  produce 
a  back  and  forward  reciprocation  in  e(|ual  times 
without  any  sharp  percussive  action  ;  differing  in 
this  respect  from  the  action  of  the  two  preceding 
and  from  that  of  the  tilt-hammer.  See  Heart- 
wheel. 

e  is  a  cam  and  yoke  in  use  in  France  for  the  valve 
motion  of  steam-engines.  It  is  used  for  ^ving  an 
intermittent,,  rectilinear  reciprocating  motion.  The 
circular  disk  carries  the  cam  ;  the  valve  has  a  mo- 
mentary rest  and  then  a  rapid  motion,  a  single  stroke 
and  return  for  each  revolution  of  the  disk. 

Fig.  1049  is  an 
illustration   of   a  Kg.  1049. 

cam-wheel  hav- 
ing a  waving  slot 
ihrorugh  the  wheel, 
in  which  traverses 
a  roller  on  a  bar, 
which  communi- ' 
cates  a  reciprocat- 
ing motion  to  the 
cutter  -  bar  of  a 
harvester. 

In     Fig.    1050,  Cam  Harvester-Wked. 
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the  cams  are  on  the  faces  of  the  wheels  D  A  consist- 
ing of  a  double  series  of  inclined  curves,  .between 

Fig.  1060. 


DoMbU  Oam-Whea. 


which  is  the  race  U  of  the  roller  E,  whose  oscillation 
in  its  track  gives  the  reciprocation  to  the  rod  O  on 
the  end  of  the  cutter-bar. 

Pig.  1051  shows  a  disk  B  having  irregular  face- 
grooves,  by  which  are  actuated  the  bell-crank  levers 


Regular  Cam-Wieei. 

of  the  needle-carrier  and  feed-bar  of  a  sewing-ma- 
chine. 

Can.  1.  A  sheet- metal  vessel  for  containing  liq- 
uids, etc.  Cans  are  commonly  cylindrical,  but  for 
some  purposes  are  made  sauare  or  of  conical  form, 
and  provided  with  a  handle  and  spout,  as  oil-cans 
for  lubricating  purposes. 

2.  The  tin  cylinder  which  receives  a  sliver  from 
the  carding-machine.  It  revolves  upon  a  center  ec- 
centric to  the  center  of  motion  of  the  delivering  sur- 
faces, thereby  causing  the  sliver  to  arrange  itself  in 
a  series  of  coils  throughout  the  area  of  the  can  ;  as 
the  can  is  filled,  it  rises  against  a  plate  at  the  top, 
and  as  the  operation  proceeds  is  pressed  down  and 
condensed. 

Cans  derive  their  names  sometimes  from  peculiar- 
ity of  construction  or  material,  but  more  usually 
from  their  purpose  or  intended  contents  ;  such  as  — 


Caustic  alkali. 
Fruit. 

Gunpowder. 
Milk. 


Oil. 

Oyster. 
Paint. 
Preserve,  eta 


Ca-nal'.  An  artificial  channel  filled  with  water, 
and  designed  for  navigation. 

The  term  ia  also  sometimes  applied  to  narrow 
straits  or  inlets  of  the  ocean. 

Egypt  and  Assyria  bear  the  pahn  of  priority  in 
canals.  Their  immense  plains  were  early  irrigated 
by  water  from  the  rivers  Nile,  Euphrates,  and  Ti- 
gris. The  main  arteries  of  their  network  of  water- 
courses became  the  avenues  for  the  transportation 
of  produce. 

The  great  canal  which  united  the  Nile  to  the  Bed 
Sea  was  dug  by  the  orders  of  Sesostris  (1500  B.  c.) 
according  to  Strabo,  Pliny,  and  Aristotle ;  so  that 
China  is  fairly  anticipated  for  once,  as  the  Great 
Canal  of  China  was  not  made  till  the  ninth  centuiy 
A.  D.,  about  the  time  of  Charlemagne. 

The  Egyptian  canal  commenced  about  twelve  miles 
above  the  modern  town  of  Belbays,  the  Bubastis 
Agria  of  the  Romans.  It  was  about  96  miles  long, 
and  was  on  the  point  of  being  abandoned  several 
times,  as  it  was  feared  that  the  fresh  water  of  the 
Nile  would  be  ruined  by  the  salt  water  of  the  Red 
Sea,  which  has  several  feet  greater  elevation  than 
the  usual  level  of  the  river.  The  difficulty  was 
avoided  by  some  hydraulic  contrivance,  according 
to  Diodorus  Siculus  and  Strabo.  The  word  is 
translated  Sluice  (which  see).  It  was  probably  an 
inclined  chute. 

The  canal  built  by  Sesostris  was  reopened  by  Pha- 
raoh Necho  about  605  B.  c,  by  Ptolemy  Philadel- 
phus  about  300  B.  c,  by  the  Caesars,  by  the  Ca- 
liphs ;  and  was  abandoned  when  Vasco  de  Gama 
circumnavigated  the  Cape  of  Good  Hope. 

The  canal  which  conducted  the  water  of  the  Nile 
to  Lake  Moeris  during  half  the  year,  and  distributed 
it  during  the  other  half  for  the  purpose  of  irrigation, 
was  a  stupendous  work,  and,  according  to  Savary,  was 
forty  leagues  in  length.  Two  additional  canals  were 
also  provided  with  sluices,  which  governed  the  in- 
flux and  efflux.  Diodorus  Siculus  also  describes  the 
ciinal.  His  measurements  differ  from  the  modem 
ones. 

Herodotus  states  that  the  Lake  Mceris  was  exca- 
vated 1S85  B.  c,  and  was  450  miles  in  circumfer- 
ence. It  was  probably  a  natural  basin  artificially 
adapted  as  a  reservoir  to  be  filled  during  high  Nile. 

Nebuchadnezzar  constructed  a  canal  400  or  500 
miles  long,  running  from  Hit,  the  Is  of  Herodotus, 
to  the  Bay  of  Grain e,  on  the  Persian  Gulf.  It  is  re- 
ferred to  by  Strabo  (XVI.  1062).  It  has  been 
traced  by  Colonel  Rawlinson  from  Hit  almost  to  the 
Bay  of  Graine. 

Herodotus  and  Pliny  mention  the  canals  of  Asia 
Minor.  The  first  constructed  in  Europe  was  proba- 
bly that  dug  by  Xerxes  across  the  low  Isthmus  of 
Athos.  The  Greeks  attempted  to  cut  one  across  the 
Isthmus  of  Corinth. 

Among  the  early  European  canals  may  be  men- 
tioned the  canal  through  the  Pontine  Mandies,  made 
162  B.  c.  ;  and  the  Fossa  Phillistina  and  Carbonania, 
dug  by  the  Etruscans,  and  which  derived  their  water 
from  the  Padus,  now  the  Po. 

Caius  Marius,  51  b.  c,  constructed  the  Fossa 
Marina  between  Aries  and  Fob,  a  haven  on  the 
Mediterranean. 

Lucius  Verus  undertook  to  unite  the  Saone  and 
Moselle,  and  also  to  unite  the  Mediterranean  and 
the  German  Ocean  by  means  of  the  Rhone,  Saone, 
Moselle,  and  Rhine.  His  death  prevented  the  exe- 
cution of  the  project. 

The  great  object  of  the  Romans  was  to  increase 
the  facility  of  transportation,  the  great  economical 
agent  of  civilization.  Their  land  and  water  wajrs 
were  the  arteries  and  veins  of  commerce,  and  the 
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Ikntores  which  bound  the  provinces  to  the  nietroj)- 
ohs  and  the  state. 

The  Rhine  had  in  early  Roman  times  bat  two 
outlets;  Virgil  calls  it  hieomis,  and  Tacitus  says 
that  the  largest  of  these  branches,  that  nearest  to 
Gaul,  is  called  VakcUum.  In  the  days  of  Char- 
lemagne the  Rhine  communicated  with  the  Escaut 
by  a  branch  of  the  Meuse  which  has  since  disap- 
peared. A  great  inundation,  A.  D.  860,  obliterated 
many  minor  channels  near  the  efflux,  and  opened 
new  ones.  In  the  thirteenth  century  the  Zuyder 
Zee  was  converted  from  an  inland  fresh-water  lake 
into  a  gulf  of  the  sea  by  a  storm  which  destroyed 
the  barrier  between  it  and  the  latter.  The  Roman 
legions  under  Drusus,  b.  c.  12,  dug  a  canal  between 
the  Rhine  and  the  small  river  Sala,  as  a  military  de- 
fence ;  this  became  enlarged  into  a  third  branch  of 
the  Rhine;  it  is  mentioned  by  Pliny.  A  fourth 
branch,  the  Leek,  was  created  subsequently,  in  a 
similar  manner,  during  an  insurrection  under  Clau- 
dius Civilis. 

When  the  Roman  Empire  fell  to  pieces,  all  en^- 
neering  enterprises  ceased,  and  the  completed  woncs 
fell  into  decay.  Charlemagne  revived  the  project 
of  uniting  the  Rhine  and  the  Danube,  so  as  to  con- 
nect the  German  Ocean  and  the  Black  Sea. 

The  first  canal  in  England  was  the  Caerdike,  cut 
by  the  Romans. 

Canals  were  constructed  in  China  before  the 
Christian  era.  No  mention  is  made  of  canals  in  the 
Bible.  The  largest  hydraulic  works  therein  men- 
tioned are  those  of  Solomon,  who  introduced  abun- 
dant water  for  baths,  gardens,  and  fish-ponds, 
—  aqueducts,  not  canals. 

The  largest  canal  in  the  world  is  the  Imperial 
Canal  of  China,  which  extends  southward  from 
Pekin  and  unites  the  Pei-ho  with  the  Yang-tse- 
Kiang.  A  part  of  the  canal  was  constructed  in  the 
seventh  century,  and  a  part  in  the  ninth,  a.  d.  It 
is  825  miles  long,  and  with  its  connected  rivers  gives 
an  inland  navigation  of  2,000  miles,  and  connects  41 
cities.  Authorities  differ  as  to  whether  the  Chinese 
canals  overcome  grades  by  locks  or  inclined  planes. 
It  is  to  be  presumed  they  have  both. 

From  the  twelfth  to  the  fifteenth  centuries  canals 
in  the  Netherlands  were  made  in  great  numbers. 

The  ship-canal,  51  miles  in  len^h,  whereby  the 
commerce  of  Amsterdam  reaches  the  ocean,  is  wide 
and  deep  enough  to  float  two  passing  frigates.  It 
was  built  1819  -  25,  at  a  cost  of  1 4,250,000.  A  still 
deeper  and  wider  one  is  now  in  progress. 

Previous  to  the  Invention  oi  canal-locks  by  the 
brothers  Domenico,  sluices  were  employed  in  Italy. 
These  were  boarded  conduits,  forming  chutes  down 
which  the  vessel  slid  or  floated  ;  a  gate  at  the  upper 
end  being  lifted  for  the  entrance  of  the  vessel,  and 
restored  again  to  form  a  dam  to  preserve  the  upper 
level. 

Movable  gates  to  restrain  the  water  on  the  higher 
level  and  admit  the  passage  of  boats  were  introduced 
in  the  navigation  of  the  Tesino  and  Adda  to  Milan. 

Cresy  dates  the  invention  of  canal-locks  to  1188, 
when  Pitentino  restored  the  Mincio  to  its  ancient 
channel  to  the  Po,  from  whence  it  had  been  diverted 
by  the  Romans  in  the  time  of  Quintus  Curtius  Hos- 
tUius. 

The  canal  of  Languedoc,  which  unites  the  Garonne 
with  the  Mediterranean,  passes  across  the  narrow 
portion  of  France  north  of  the  Pyrenees,  and  is  150 
miles  in  length.  It  unites  the  Atlantic  and  Medi- 
terranean, and  was  constructed  by  Andreossy,  an 
Italian  engineer,  in  the  reign  of  Louis  XIV.  The 
USX  from  tne  summit  at  Naurouse  to  Cette,  on  the 
Mediterranean,  is  621  feet  6  inches.     The  fall  from 


the  summit  to  the  Garonne  is  198  feet.  There  are 
74  locks  on  the  eastern  nortion,  26  locks  on  the  At- 
lantic section,  which  ends  at  Toulouse,  on  the  €^ 
ronne  ;  100  locks  in  all. 

The  surface  of  the  canal  is  64  feet  broad ;  the  bot- 
tom, 84  feet ;  the  depth,  6  feet  4  inches.  The  canal- 
boats  aro  80  feet  long,  18  feet  broad,  draw  5  fbet  4 
inches  of  water,  and  carry  100  tons. 

The  canal  cost  $6,000,000. 

The  canal  of  Charolais  unites  the  Loire  and  Saone, 
which,  at  one  place,  approach  within  eighteen  leagues 
of  each  other,  and  fall  into  the  Bi^  of  Biscay  and 
the  Mediterranean  respectively.  The  project  was 
agitated  as  early  as  1555,  and  various  surveys  and 
reports  were  made,  as  well  as  several  commencements 
attempted.  The  lavish  expenditure  upon  the  build- 
ings and  parks  for  the  personal  aggrandizement  of 
Louis  XIV.  delayed  the  works  of  public  utility,  and 
it  was  not  till  near  the  end  of  the  last  century  that 
it  was  opened.  Its  length  is  114.822  metres. 
.  The  canal  uniting  the  Somme  and  the  Scheldt  was 
undertaken  in  1776  and  completed  in  1810.  The 
length  is  32^  miles. 

'Hie  canal  of  Orleans  is  45  miles  long,  uniting  the 
Loire  and  the  Seine. 

The  canal  between  the  Baltic  and  North  Seas  at 
Kiel  was  opened  1786.  That  from  the  Cattegat  to 
the  Baltic,  1794-1800.  The  main  line  of  the  Ganges 
Canal,  525  miles  long,  for  irrigating  the  country  be- 
tween the  Ganges  and  the  Jumna,  was  opened  in 
1864.  When  completed,  it  will  be  900  miles  long, 
and  will  irrigate  1,470,000  acres.  Its  estimated  cost 
is  £1,665,548.     Sir  Proby  Cautley,  engineer. 

The  canal  in  England  joining  the  Ti^nt  and  the 
Witham  was  made  a.  d.  1134,  in  the  reign  of  Hen- 
ry I.  The  Bridgewater  Canal  commen<^  in  1759. 
In  England  there  are  2,800  miles  of  canals. 

Of  the  American  canids :  — 

The  James  River  and  Kanawha,  147  miles  long, 
overcomes  the  greatest  grade,  having  a  lift  of  1,916 
feet. 

The  Morris  and  Essex,  101  miles  long,  overcomes 
a  grade  of  1,674  feet,  accomplished  by  29  locks  and 
22  inclined  planes. 

The  Erie,  by  DeWitt  Clinton,  is  the  longest,  863 
miles,  with  84  locks. 

The  Erie  Caned  was  commenced  in  1817,  and  com- 
pleted in  1825.  The  main  line  leading^from  Albany, 
on  the  Hudson,  to  Buflisdo,  on.  Lake  Erie,  measures 
863  miles  in  length,  and  cost  about  $7,200,000. 
The  Champlain,  Oswego,  Chemung,  Cayuga,  and 
Crooked  Lake  Canals,  and  some  others,  join  the 
main  line,  and,  including  these  branch  canals,  it 
measures  543  miles  in  length,  and  cost  upwards  of 
1 11,500,000.  This  canal  was  originally  40  feet  in 
breadth  at  the  water-line,  28  feet  at  the  bottom,  and 
4  feet  in  depth.  Its  dimensions  proved  too  small 
for  the  extensive  trade  which  it  haa  to  support,  and 
the  depth  of  water  was  increased  to  7  feet,  and  the  ex- 
treme Dreadth  of  the  canal  to  60  feet.  There  are  84 
locks  on  the  main  line.  These  locks,  originally  90 
feet  in  length  and  15  in  breadth,  and  with  an  aver- 
age lift  of  8  feet  2  inches,  have  since  been  much  en- 
laiged.  The  total  rise  and  fall  is  692  feet.  The  tow- 
patn  is  elevated  4  feet  above  the  level  of  the  water,  and 
18  10  feet  in  breadth.  At  IxKikport  the  canal  de- 
scends 60  feet  by  means  o\  5  locks  ei^cavated  in  solid 
rock,  and  afterwards  proceeds  on  a  uniform  level  for 
a  distance  of  63  imles  to  Genesee  River,  over 
which  it  is  carried  on  an  aqueduct  having  9  arches 
of  50  feet  span  each.  Ei^t  and  a  half  miles  from 
this  point  it  passes  over  the  Cayuga  marsh,  on  an 
embankment  2  miles  in  length,  ana  in  some  places 
70  feet  in  hight.     At  Syracuse,  the  **  long  level  ** 
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commences,  which  extends  for  a  distance  of  69^ 
miles  to  Frankfort,  without  an  intervening  lock. 
After  leaving  Frankfort,  the  canal  crosses  the  river 
Mohawk,  iii'st  by  an  aqueduct  748  feet  in  length, 
•upportcd  on  16  piera,  elevated  25  feet  above  the 
•urface  of  the  river,  and  afteru'ards  by  another  aque- 
duct 1,188  feet  in  length,  and  emeiges  into  Uie  Hud- 
son at  Albany. 

The  widest  are  the  Cornwall,  Beauhamois,  and 
Lachine  (Canada),  being  respectively  12,  11,  and  8^ 
miles  long,  and  150,  190,  and  120  feet  wide.  £ach 
has  a  depth  of  10  feet,  and  locks  200  feet  long,  re- 
spectively 55,  45,  and  55  feet  wide.  The  most  costly 
per  mile  is  Uie  Lachine  (Canada),  8^  miles  long, 
cost  12,000,000  ;  $235,934  per  mile.  The  Chesa- 
peake and  DeUwara  cost  $203,703  per  mile.  The 
cheapest  per  mile  is  the  Ohio  and  Erie,  307  miles 
long,  1 15,300  per  mile.  The  greatest  number  of  locks 
are  on  the  Schuylkill  Canal,  108  miles  long,  120  locks. 

The  Welland  (Canada),  36  miles  long,  admits  ves- 
sels of  a  tonnage  of  500  tons.  The  locks  have  dou- 
ble the  capacity  of  any  other.     Cost,  $7,000,000. 

The  Suez  Canal  connects  the  Mediterranean  and 
the  Red  Sea,  thus  uniting  the  Atlantic  and  Indian 
Oceans,  and  saving  the  immense  ditour  around  the 
continent  of  Africa  formerly  necessary  to  I'each  the 
Indies  from  any  portion  of  Europe.  The  length  of 
the  canal  is  about  90  miles,  having  a  depth  of  from 
20  to  26  feet,  and  a  width  of  from  180  to  300  feet, 
sufficient  to  accommodate  vessels  pa.ssing  each  other 
on  the  transit  from  ocean  to  ocean.  The  total  cost 
of  this  canal,  vnXh.  the  necessary  docks,  etc.,  was 
about  $100,000,000. 

In  the  making  of  the  Suez  Canal,  the  total  amount 
of  earth  removed  amounted  to  about  four  hundred 
million  cubic  yards.  By  working  day  and  night, 
the  machines  of  M.  Borel  and  Lavelley  were  able  to 
remove  78,056  to  108,000  cubic  metres  per  month. 

After  ten  years  of  labor  this  great  work  was  com- 
pleted. Upon  the  17th  of  Noveralier,  1869,  tlie 
opening  of  tlie  canal  was  inaugurated  in  the  presence 
of  the  Empress  Eugenie  and  the  Emperor  of  Austria, 
and  of  pnnces,  ambassadors,  and  men  of  science 
from  Europe  and  America. 

The  transit  between  the  two  seas  was  safely  made 
by  the  fleet.  But  the  requisite  depth  had  not  been 
attained.  Seventeen  and  a  half  feet  of  draft  could 
be  carried  through  the  canal.  Since  then  the  depth 
has  been  increased  to  twenty-two  feet,  and  idtiinate- 
ly  will  be  twenty-six  feet. 

The  length  of  the  canal  is  100  miles.  The  estab- 
lislied  surface-width  is  about  328  feet,  except  in  dif- 
ficult cuttings,  where  it  is  190  feet.  The  least  bot- 
tom width  is  72  feet.  The  highest  ground  cut  through 
is  at  El  Guisr,  where  it  is  85  feet ;  at  Serapeum  it  is 
62  feet ;  and  at  Chalouf,  near  Suez,  it  is  56  feet. 

The  excavation  of  the  canal,  although  of  consider- 
able di^culty,  was  exceeded  by  the  necessity  for 
creating  artificial  harbors  at  the  extremities.  The 
harbor  at  Port  Said,  uiK>n  the  Mediterranean,  has 
the  general  form  of  a  triangle,  the  base  resting  on 
the  snore  and  the  longer  side  on  the  west,  protecting 
the  entrance  from  the  moving  sand.  The  longer  arm 
or  mole  is  8,200  feet,  extending  to  the  26-feet  curve 
of  sounding.  It  is  proposed  to  extend  this  mole 
2,800  feet  farther.  As  this  harbor  is  exposed  to 
northeast  winds,  an  inside' basin  has  been  construct- 
ed. The  area  of  the  outer  harbor  is  eoiml  to  400 
acres,  and  will  permit  twenty  line-of-battle  ships  to 
swing  fraely  at  anchor. 

At  the  other  extremity  of  the  canal,  a  mole  2,550 
feet  in  length  protects  the  channel,  which  has  been 
dredged  to  the  depth  of  27  feet.  The  mole  at  Suez 
differs  from  that  at  Port  Said  in  construction  ;  the 


latter  being  formed  of  concrete  blocks  of  13  cubic 
feet,  the  former  of  stone  quarried  from  the  neighbor- 
ing mountain. 

The  following  is  a  summary  of  the  expenditures  up 
to  the  date  of  the  opening  of  the  canal :  — 

General  expenditures   for  preliminary 

surveys  from  1854  to  1859        .        .  $16,825,625 
General  expenses  of  administration  and 
negotiations    between     France    and 

Egypt      ......  8,894,245 

Sanitary  service,  1866-1869    .         .  121,410 

Telegraph  service         ....  34,000 

Transport  service,  boats,  stock,  buildings  1 ,644, 485 

Payment  of  contractors  for  material  3,442,785 

Dredging-maduues  and  heavy  plant    .  6,819,240 

Workshops 844,150 

Works  of  construction,  canal,  and  jiorts  43,534,830 

Miscellaneous 1,392,496 

Expenses  of  various  branches  of  com- 

•  pany  management 3,841,050 


$80,893,665 


936 


The  average  cost  of  the  canal  per  mile  is      $808, 

This  magnificent  work  is  a  better  scheme  than  the 
proposition  of  another  Frenchman ;  to  dig  a  canal 
from  the  Bay  of  Acre  to  the  water-shed  of  the  Jor- 
dan, and  across  the  water-shed  between  the  Dead 
Sea  and  the  Gulf  of  Akabah,  thus  uniting  the  Medi- 
terranean with  the  Red  Sea. 

The  depression  of  the  valley  of  the  Jordan  is  a 
lon^  nanx>w  basin,  200  miles  in  length  and  about 
20  in  bi^eadth.  About  one  fourth  is  now  covered 
with  water.  It  includes  the  Dead  Sea  and  the  Lake 
of  Tiberias,  which  ai-e  60  miles  apart,  and  the  river 
Jordan,  by  which  they  are  connected.  The  depth 
of  the  ordinary  surface  of  the  water  in  the  Dead 
Sea  is  1,388  feet  below  the  Mediterranean  water- 
level,  and  the  depth  of  water  in  the  deepest  part  of 
the  Dead  Sea  is  1,350  feet ;  showing  the  total 
depth  of  tliis  gi-eat  depression  to  be  2,738  feet  below 
the  Mediterranean  level.  The  land  adjacent  to  the 
sea,  however,  is  a  table-land  3,000  feet  above  the 
Mediterranean,  so  that  the  whole  depth  of  this 
f^reat  natural  goi^e  is  about  6,000  feet.  The  gorge 
IS  continued  through  the  Red  Sea  into  the  Indian 
Ocean,  but  a  ridge  113  feet  above  the  Red  Sea 
separates  the  watera  of  the  Gulf  of  Akabah  from 
those  of  the  Salt  Lake.  The  fissure,  with  the  ex- 
ception stated,  may  thus  be  said  to  extend  from 
Mount  Hermon  to  Akabah,  350  miles,  and  thence 
to  the  Straits  of  Babelmandeb,  1,200  miles  farther. 

The  water  of  the  Red  Sea  has  a  few  feet  elevation 
above  that  of  the  Mediterranean,  which  would  make 
a  water-fall  of  1,400  feet  depth  if  the  water-shed  at 
the  north  end  of  the  Gulf  of  Akabah  were  to  be  cut 
through,  allowing  the  gorge  to  fill  with  the  watera 
of  the  south. 

This  would  add  about  1,400  feet  depth  of  water 
to  the  Dead  Sea,  and  would  put  the  lower  end  of 
the  Jordan  that  far  under  water.  The  city  of 
Tiberius  would  be  submerged  600  feet  below  the 
surface  of  the  salt  water,  and  the  watera  would 
ramify  among  the  hills  of  Judea  and  the  affluents  of 
the  Jordan  till  they  found  themselves  checked  by 
the  mountains  of  *Hhe  land  of  Zebnlon  and  the 
land  of  Naphtali,  beyond  Jordan,  Galilee  of  the 
Gentiles."  The  sites  of  Capernaum  and  Betlisaida 
would  thus  ex|>erience  a  }iart  of  the  fate  of  Sodom, 
submeigence  in  salt  water,  while  the  Dead  Sea  would 
be  somewhat  freshened. 

Aqueducts  with  cast-iron  beds,  supported  by 
arches  and  piers,  were  introduced  by  Telford,  1793- 
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1829,  in  the  construction  of  seycral  canals;  the 
Shrewsbury,  and  the  Ellesmere  and  Chester,  for 
instance.  The  aqueduct  over  the  Ceirog  is  710  feet 
in  length,  and  the  water  surface  70  feet  above  the 
level  of  the  river ;  ten  arches  have  each  40  feet  span. 
The  breadth  of  the  top  is  22  feet ;  breadth  of  water, 
11  feet ;  depth,  5  feet 

The  stone  piers  are  83  feet  in  depth  and  13  in 
thickness ;  the  spandrels  have  longitudinal  walls, 
supporting  the  cast-iron  plates  which  form  the  bot- 
tom of  the  canal.  The  plates  have  flanges  on  their 
tj  and  are  united  bv  means  of  nuts  and  screws, 
he  sides  of  the  canal  are  built  of  cut-stone  upon 
^e  cast-iron  bed ;  they  are  5^  feet  thick  on  each 


side,  and  the  stone  is  backed  with  hard-burned  brick 
laid  in  cement.  The  sides  liave  iron  railings.  It 
was  completed  in  1801,  and  cost  about  f  100,000. 

Another  aqueduct  on  the  same  canal,  the  Elles- 
mere and  Chester,  at  Pont-y-Cysyllte,  is  1,007  feet 
long,  and  the  water-level  is  127  feet  above  the  waters 
of  tne  Dee.  It  has  2  abutments  and  18  piers.'  The 
^iers  are  founded  on  sandstone  rock,  are  12  x  20 
ieet  at  the  bottom,  and  7}  x  13  feet  at  the  top. 
For  70  feet  of  their  bight  they  are  solid,  and  the 
remaining  50  hollow^  the  walls  being  2  feet  in  thick- 
ness, with  one  inner  cross- wall.  The  width  of  the 
water-way  is  11  feet  10  inches,  of  which  the  towing- 
path  covers  4  feet  8  inches,  leaving  7  feet  2  inches 


Rig.  1062. 


Dee  Aqueduct. 


for  the  boat.     The  towing-path  stands  upon  iron 
pillars,  and  the  water  flows  beneath  it. 


The  embankment  cost  about 
Masonry  .... 
Iron-work 


.     $42,000 

105,000 

85,000 

1282,500 

In  this  aqueduct,  the  sides,  as  well  as  the  bottom, 
are  made  of  cast-iron.  The  arches  have  a  span  of 
45  feet,  and  a  rise  above  the  springing,  7  feet  6 
inches. 

Canals  are  classed  as  :  — 

Level  or  ditch  canals ;  consisting  of  one  reach, 
level  throughout. 

Lateral  canals  ;  which  connect  places  in  the  same 
valley,  the  fall  being  in  one  direction  only. 

Summit  canals  ;  in  which  the  work  crosses  one  or 
more  summits,  at  which  provision  of  water  must  be 
supplied. 

Canals  are  now  propiected  :  — 

To  turn  Lake  Michigan  into  the  Mississippi. 
This  is  under  way. 

Across  the  Isthmus  of  Corinth.  This,  as  has  been 
remarked,  was  projected  600  b.  c.  It  attracted  the 
attention,  also,  of  Demetrius  Poliorketes,  Julius 
Csesar,  Caligula,  and  Herodes  Atticus;  but  it  was 
reserved  for  Nero  to  taka  the  first  active  step  toward 
the  accomplishment  of  this  end.  He  completed  a 
canal  for  a  distance  of  8,683  feet  on  the  Connthian, 
and  6,946  feet  on  the  Savonian,  side  of  the  isthmus. 

This  important  historical  fact  has  been  lately  ascer- 
tained through  the  investigations  of  Mons.  Grimaud 
de  Caux.  The  entire  width  of  the  isthmus  at  that 
point  amounts  to  about  18,799  feet,  so  that  it  would 
seem  the  canal  was  more  than  half  cut  through.  A 
canal  across  the  Isthmus  of  Corinth  would  shorten 
the  route  from  Trieste  to  Athens  forty-one  hours  for 
sailing-vessels,  and  fifteen  hours  for  steamers  ;  from 
Marseilles  to  Athens  fourteen  houi"s  for  sailing-ves- 
sels and  five  hours  for  steamers ;  and,  finally,  from 
Gibraltar  to  Athens  six  hours  for  the  former  and  two 
and  a  half  for  the  latter. 

A  large  ship-canal  to  connect  the  Baltic  and  North 
Seas.  There  are  now  two  small  ones  across  the  Isth- 
mus of  Holstein,  —  the  Streckenitz  Canal,  1890  -  98^ 


between  the  Elbe  and:  the  Trave  ;  and  the  Schles- 
wick  Holstein,  or  Eyder  Canal,  1777-84,  between 
Kiel,  on  the  Baltic,  and  Rendsburg,  on  the  Eyder. 

Ca-nal'-boat  A  larae  boat,  generally  decked, 
and  towed  by  horses ;  they  vary  in  capacity,  ac- 
cording to  the  width  and  depth  of  the  canal  on 
which  they  are  employed.  The  usual  capacity  of 
those  on  the  Chesapeake  and  Ohio  Canal,  one  of  the 
widest  and  deepest  in  the  United  States,  is  110  to 
115  tons  of  coai. 

Rankine  states  that  the  heaviest  boat  one  horse 
can  draw  at  a  speed  of  from  2  to  2 J  mUes  per  hour 
weighs  with  its  cai^o  105  tons,  is  about  70  feet  long, 
12  feet  broad,  and  draws  4^  feet  of  water. 

A  boat  to  be  drawn  by  one  horse  at  the  rate  of  8} 
to  4  miles  per  hour  will  be  about  70  feet  long,  6  or 
7  broad,  and  draw  about  2^  feet  of  water. 

Ca-nal'-bxidge.  A  bridge  adapted  to  form  a 
viaduct  above  the  water-way.  Movable  canal- 
bridges  may  be  of  one  of  the  following  kinds :  — 

1.  Turning    horizontally.      See    Swino-bridob  ; 

PiVOT-BRIDOE. 

2.  Turning  vertically.    See  Bascule-bridor. 

8.  Rolling  horizontally  and  in  the  direction  of  its 
length  ;  one  form  of  drawbridge, 

4.  Lifting  vertically.    See  Lift- bridge. 

5.  Floating  in  the  canal  and  withdrawn  into  a 
dock  to  allow  masted  boats  or  vessels  to  pass.  See 
Floating-bridge. 

Ca-nal'-lift  A  contrivance  for  convejring  a 
canal-boat  from  one  level  to  another  without  the 
use  of  water  in  the  usual  lock.  It  may  be  of  the 
nature  of  the  slip  or  marine  railway,  such  as  used  on 
the  Morris  and  Essex  Canal,  N.  «f.,  or  it  may  be  a 
meohanical  lift  by  means  of  tackle.  In  one  case  it 
is  pro}K>sed  to  float  the  vessel  in  a  caisson  which  is 
supported  in  level  position  on  a  wedge-shaped  frame 
which  traverses  on  the  ways. 

Ca-nal'-look.  An  inclosure  with  gates  at  each 
end,  forming  a  connection  between  the  upper  and 
lower  levels  of  a  canal. 

In  the  accompanying  drawings,  A  is  the  lock- 
chamber;  a  a,  the  side  walls  ;  E  the  floor,  or  invert. 
The  size  of  the  chamber  is  a  little  longer  than  the 
longest  boat  required  to  occupy  it ;  its  breadth  say 
1  foot  wider  than  the  said  boat ;  its  depth  1^  more 
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than  the  draft  of  a  loaded  boat  plus  the  lift,  and, 
say,  2  feet  added  for  the  coping. 

The  floor  is  level  with  the  bottom  of  the  lower 
reach,  and  is  recessed,  for  the  opening  of  the  tail- 
gcUes,  The  head-bay  has  sieU  vmlla  havincr  gaU- 
chambers  to  receive  the  head-gcUes.  The  floor  is 
level  with  the  upper  pond. 

The  sides  of  the  tail-bay  end  in  curved  wings, 
and  the  floor  or  apron  is  pitched  with  dry  stone. 

At  the  head  of  the  lock-chamber  is  the  lift-wall, 
above  which  are  the  hcad-galcs^  whose  lower  edges 
press  against  the  head  miUr'Sill. 

The  tail-gates^  which  close  against  the  tail  miter- 

Mil. 

The  culverts  through  the  side  walls  shown  in 
dotted  lines  are  for  mling  or  emptying  the  lock- 
chamber.  These  sluices  are  governea  by  slide- 
valves. 

The  cylindrical  recesses  in  the  side  walls  in  which 
the  gates  are  hinged  are  called  hollow  quoins. 

Each  gate  is  composed  of  a  heel-post^  miter-post, 
balance-bar,  cross-pieces,  cleading,  and  diagonal 
bracing. 

There  was  a  lock  at  Tjondon  Bridge  in  Pepys's 
time,  1661 ;  at  least,  he  calls  it  such.  It  was  prob- 
ably a  sluice,  and  the  chatty  fellow  "was  fain  to 
stand  upon  one  of  the  piers  about  the  bridge,  before 
the  men  could  drag  their  boat  throu|a;h  the  lock. " 

Ca-nal'-lock  Gate.  The  hinged  doors  at 
each  end  of  a  canal-lock,  which  are  opened  and  closed 
to  admit  the  passage  of  vessels.  Of  these  there  are 
two  at  each  end  of  the'  lock.  They  are  hung  on 
pintles  in  the  stone- work,  and  open  outwardly, 
Deing  turned  by  levers,  similar  to  the  tiller  of  a 
rudder,  and  wheu  closed  the  two  edges  must  fit  as 
accurately  together  as  possible  to  prevent  the  pas- 
sage of  water. 

At  least  one  gate  at  each  end  must  be  provided 
with  a  sluice  or  flood-gate  near  its  bottom.  When 
a  boat  is  to  pass  from  a  higher  to  a  lower  level  in 
the  canal,  the  gates  at  the  lower  end  are  closed,  and 
water  admitted  into  the  lock  at  the  other  end  until 
the  water  in  the  lock  is  at  the  same  hight  as  that 
of  the  canal  above  ;  the  upper  eates  are  then  opened, 
and  the  boat  admitted  into  tne  lock,  when  these 
gates  and  their  sluice  are  closed.      The  water  is 


then  drawn  from  the  lock  by  the  aiuice  in  the  gate 
at  the  lower  end,  and  when  the  water  in  the  lockis 
at  the  hight  of  the  lower  level,  the  lower  gates  an 
opened,  and  the  boat  allowed  to  pass  out. 

To  elevate  the  boat  from  a  lower  to  a  higher  level, 
the  water  in  the  lock  is  brought  to  thetower  level 
by  opening  the  sluice  at  that  end,  if  necessary,  the 
gates  being  then  opened  and  the  boat  passed  in, 
these  gates  arp  again  closed,  and  water  admitted 
by  the  upper  sluice  until  a  sufficient  hight  is  at- 
tained, when  the  upper  gates  are  opened  and  the 
boat  passed  out  of  the  lock. 


Can-buoy.  (NaxUvcal.)  A  conical  buoy.  See 
Buoy. 

Cazi--cart.  A  lightly  framed  two- wheeled  vehicle 
supporting  a  large  can  for  containing  milk,  etc. 


Can- Cart, 

The  illustration  gives  a  clear  idea  of  the  arrange- 
ment. 

Can'oeL  A  leaf  to  be  cut  out  and  replaced  by  a 
corrected  page. 

Can'cel-U.  Among  the  Romans,  iron  gratingB 
and  trellis-work ;  in  modem  buildings,  latticed 
windows  made  with  cross-bars  of  wood,  iron,  lead, 
etc. 

Can'oel-ing-preaa.  A  press  having  a  plunger 
which  defaces  a  printed  stamp.     These  presses  aie 


F%.  1066. 


riff.  1066. 


t 


Oaneeling- Stamp, 


OmutUMg^PiftSM, 


usually  worked  by  a  blow  or  by  a  lever.  Ib  acme^ 
the  face  of  the  stamp  is  cancelled  by  printing  upon 
it  the  date  of  cancellation,  as  in  the  esample  {fig. 
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1056,  in  whkh  a  socket  in  the  lower  end  of  the 
plunger  has  a  type-chase,  which  may  have  morable 
trpe  to  indicate  month  and  year  inside  the  motto  of 
the  chase,  which  may  be  the  title,  etc.,  of  the  firm. 
A  central  slot  in  the  face  of  the  chase  is  occupied  by 
one  link  of  an  endless  chain,  whose  consecutive  links 
have  type  corresponding  to  the  days  of  the  month, 
and  moved  in  the  required  succession  by  sprocJcet- 
wheels  in  the  plunger. 

In  other  forms  of  canceling-starops  the  plunger  is 
armed  with  blades  or  points,  which  penetrate  and 
tear  the  paper  of  the  printed  stamp,  so  that  it  may 
not  be  restorable  by  a  process  which  would  dischai^ 
the  ink  of  cancellation. 

Such  an  one  is  represented  in  Fig.  1056,  which  is 
operated  by  percussion  of  the  plunger  or  rotation  of 
the  screw. 

Can'oel-inf^-stamp.  A  press  for  defacing  print- 
ed stamps,  to  prevent  their  re-use.   See  Cancrunq- 

PRESS. 

Can'de-la'bnim.  A  lamp-stand.  Its  tripedal 
form  among  the  ancients  is  oelieved  to  have  been 
derived  from  the  shape  of  its  predecessors, — braziers 
or  basins  for  holding  fuel,  mounted  on  tripods. 

Among  the  Greeks  and  Romans  they  were  highly 


a 


survived  until  latelv  in  the  branched  sticks  for  the 
candles  whereby  haUs  and  stately  dinner-tables  were 
iUuminated. 

"Euphorion,  in  his  'Historic  Commentaries,'  says 
that  the  yonns  Dionysius,  the  tyrant  of  Sicily,  dedi- 
cated, in  the  Prytaneum  of  Tarentum,  a  candlestick 
capable  of  containing  as  great  a  number  of  candles 
as  there  are  days  in  the  year.*'  —  Athenaus,  in  the 
'*  Deipnosophists.'* 

Can'di-taer'.  (FortificcUion.)  A  protection  for 
miners,  consisting  of  brushwood,  etc. 

Can'dle.  A  cylinder  of  tallow,  wax,  paraffine, 
stearine,  spermaceti,  or  other  fatty  material,  in  the 
axis  of  which  is  a  woody  wick  consisting  of  parallel, 
woven,  or  twisted  fibres,  or  a  rush. 

We  may  presume  that  the  earliest  forms  of  porta- 
I4e  artificial  lights  were  brands  and  torches,  to 
which  succeeded  cressets  and  lamps.  An  elevated 
fire  in  a  brazier  or  cresset,  fed  at  intervals  with  in- 
flammable material,  such  as  wood  and  fatty  or  oily 
matters,  would  be  an  efiective  light  for  Eastern 
habitations,  where  the  courts  are  open  to  the  sky. 
We  use  its  substantial  equivalent  at  camp-meeting. 
It  must  be  reniembered  that  the  uses  of  artificial 
light  for  reading  and  study  are  comparatively 
modem  ;•  the  universal  lighting  up  of  every  house  as 
soon  as  darkness  covers  the  land  is  a  modem 
necessity  and  a  modem  invention.  The  long  winter 
evenings  of  previous  generations  were  spent  by  the 
light  of  the  fire,  not  of  lamps  or  candles,  so  far  as 
the  bulk  of  the  people  of  all  lands  was  concerned. 
But  a  very  small  number  could  read,  and  books 
were  so  scarce  that  kings  gave  security  when  they 
borrowed  them  ;  Bibles  were  chained  in  churches ; 
and  there  was  one  law  for  the  man  who  could  read, 
and  another  for  him  who  could  not,  the  former 
being  entitled  to  **  benefit  of  clergy.*'  In  reviewing 
the  mode  of  life  of  kings  500  yeara  since,  in  com- 
paratively barbarous  England,  we  find  one  of  the 
royal  Plantajipenets  sitting  on  a  stool  whose  three 
legs  were  driven  into  the  dirt  forming  the  floor  of 
his  bodchamber  on  the  second  floor,  over  the  arched 
ceiling  of  the  common  hall  below.  His  ^ueen  sits 
on  the  foot  of  the  bedstead,  and  as  evenmg  draws 
on  they  find  themselves  sleepy  after  a  heavy  supper 
of  beef  and  beer.  As  the  arowsy  king  has  sworn 
himself  hoarse  in  recounting  to  his  satellites  the 
hunting  adventures  of  the  day,  and  has  no  scholastic 


resources,  being  unable  to  read  and  having  no  books, 
he  finds  time  heavy  on  his  hands. 

Wl^le  meditating  on  the  question  of  whether  it 
is  worth  while  to  kick  ofl"  his  boots  before  going  to 
bed,  he  is  interrapted  by  a  chamberlidn,  who  sleeps 
above,  and  has  no  way  of  aseenduig  except  by 
coming  through  the  royal  apartment.  As  times 
were  not  then  what  they  once  were,  when  the  folks 
scattered  themselves  promiscuously  over  the  floor  of 
the  hall,  and  people  were  becoming  effeminate,  the 
king  bids  his  arcnitect  to  contrive  some  mode  by 
which  his  bedroom  shall  not  be  made  a  passage-way 
for  the  garreteera.  To  the  disgust  of  the  said  cham- 
berlain, "o*  rainy  nights,"  the  builder  makes  an 
outside  staircase  like  a  ladder,  and  his  lordship  in 
attendance  may  go  up,  and  in  at  Uie  window. 

Such  people  had  but  little  use  for  a  candle  ;  they 
rose  early,  ate  heartily,  and  slept,  and  no  doubt 
snored  heavily. 

Scholare  are  scattered  all  along  the  pathway  of 
history  ;  but  as  for  kings,  their  councilors,  and  the 
common  people,  they  were  like  Scott's  hero,  Wil- 
liam of  Deloraine,  the  ''stark,  moss-trooping  Scot," 
who,  whatever  other  faults  he  might  have  mul,  was 
guiltless  of  violating  a  lady's  correspondence. 

"  And  nJpr  by  none  nuy  thy  errand  be  done, 
Letter  or  line  know  I  never  a  one.*' 

If,  as  Byron  says,  "Marmion  is  exactly  what 
William  of  Deloraine  would  have  been  had  he  been 
able  to  read  and  write,"  the  plentiful  lack  of  learn- 
ing was  in  his  favor,  as  one  had  better  remain  a 
mere  cattle-thief  than  become  worse. 

Lamps  were  known  in  all  the  ancient  countries 
where  civilization  had  dawned.  In  China,  India, 
Egypt  and  Etraria,  they  have  been  so  long  used 
that  the  memory  of  man  mnneth  not  to  the  con- 
trary. Comparatively  modem  Greece  and  Rome 
gjathered  them  from  the  nations  whence  they  de- 
rived their  civilization,  their  mechanic  arts,  their 
conveniences,  and  all  but  their  fine  arts.  In  this 
latter  r^pect^  while  they  still  retained  much  of  the 
conventional,  they  buret  the  absurd  fettere  with 
which  the  priests  had  crippled  the  artists  of  Egypt. 
The  sensuous  and  scoffing  Greek,  though  a  man- 
nerist in  his  own  way,  would  naturally  prefer  a 
warm  model  to  a  stone  Pasht.     See  Lamp. 

Some  nations  have  been  fortunate  in  the  possession 
of  bitumen,  or  mineral  pitch,  so  termed,  and  have 
used  it  for  lighting  purposes  ftx>m  time  immemoriaL 
This  has  been  the  case  especially  with  the  Asiatic 
nations  in  the  vicinity  of  tne  Caspian  Sea. 

Splintere  of  wood  saturated  in  rock-oil,  olive-oil, 
or  animal  grease,  may  be  considered  as  incipient 
candles ;  and  the  likeness  became  still  more  apparent 
when  a  frayed  piece. of  soft  bark  or  a  twisted  lock  of 
natural  fiber^  such  as  that  of  cotton  or  the  asdepias, 
was  dipped  m  melted  bitumen,  pitch,  or  an  aninml 
grease  that  is  hard  at  ordinary  temperatures. 

The  candle  (oandela)  was  used  by  the  Romans 
before  the  invention  of  lamps  {lueemee).     Roman 
candles  had  wicks  of  rush  {acirptis),  and  were  made  ■ 
of  wax  {cerea)  or  tallow  {sebacea), 

Alfred  the  Great  used  a  graduated  wax  candle  as 
a  time-keeper,  and  placed  it  in  a  lantern  to  equtdize 
its  consumption  by  preventing  flaring. 

Splintere  of  wood  saturated  with  animal  fat  were 
used  in  England  by  the  poor,  a.  d.  1800.  The  pith 
of  swamp-msh  {Juncua  effuaus)  was  subsequently  used 
for  a  wick,  and  answered  the  puipose  tolerably, 
though  it  conducted  the  grease  slowly,  gave  a  very 
moderate  light,  and  was  easily  extinguidied  by  drafts. 
It  is  still  used  there,  and  is  called  a  msh-light. 

Diogenes  (330  B.  c),  who  searched  in  daylight 
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with  a  lantern  for  an  honest  man,  was  anticipated  by 
three  hundred  years  in  tlie  prophecy  of  Zephaniah, 
wherein  it  is  declared  that  Jerusalem  shall  be  searched 
with  candles,  and  the  men  that  are  settled  on  their 
lees  shall  be  punished.  The  candles  so  frequently 
referred  to  in  bcripture,  generally  in  metai)hor,  were 
no  doubt  cores  of  twisted  fibers  dipped  in  pitch, 
wax,  or  tallow.  The  candlesticks  in  their  sacred 
buildings  were  very  rich  and  ornate,  and  becatne  a 
regular  charge  for  a  division  of  the  priests.  It  is 
probable  light  was  continually  maintained,  as  in  the 
Magian,  Egyptian,  and  Greoian  temples. 
Candles  are  of  several  varieties  :  — 

1.  ParajgHne;  obtained  from  the  distillation  of 
coal  at  a  low  heat,  also  from  lignite,  peat,  and  wood. 
Frequently  combined  in  candles  with  sperm  and 
Btearine.     See  Paraffin e. 

2.  Spermaceti.  Usually  of  wax  and  spermaceti. 
These  are  molded. 

8.  Compoaition.  Mixtures  of  spermaceti,  tallow, 
with  a  little  resin  or  wax,  in  various  proportions. 

4.  Stearine.  In  June,  1825,  Gay  Lussac  obtained 
a  patent  in  England  for  candles  made  of  the  stearic 
aeid  of  tallow.  Yard,  or  cocoanut  oil. 

The  fatty  acids  are  separated  from  the  glycerine 
by  caustic  lime,  the  fat,  ume,  and  water'being  boiled 
and  stirred  together  until  the  mixture  is  fully  sa- 
ponified. The  lime  is  then  saturated  by  agitation 
.  with  dilute  sulphuric  acid,  which  forms  a  solid  sul- 

Ehate  of  lime,  and  sets  the  fatty  acids  at  liberty  ;  the 
itter  rise  to  the  surface,  and  are  decanted  from  the 
limy  sediment.  The  traces  of  lime  are  removed  by 
washing  in  dilute  sulphuric  acid  and  then  in  clear 
water.  The  oleic  acid  is  removed  by  placing  the 
mass  in  bags  and  subjecting  it  to  heat  and  pressure 
in  a  hydraulic  press.  The  solid  stearic  and  mari- 
ne acids  are  farther  pressed,  puriHed,  washed  while 
in  a  heated  condition,  decanted,  and  run  into  molds. 
6.   Tallow.    These  are  molded  or  dipped. 

6.  Palm-oil.  This  is  obtained  by  bniising  and 
boiling  from  the  fruit  of  the  oil-palm  {Elais  guineen- 
sis).  It  contains  about  66  per  cent  of  a  solid  white 
fat  known  as  palmitine.  The  oil  is  bleached,  com- 
pressed in  woolen  bags.  The  solid  matter  is  melted, 
decanted,  a  little  wax  added,  and  run  into  the  molds 
in  the  frames. 

7.  Wax  candles  are  not  easily  molded,  and  are  there- 
fore prepared  by  pouring  wax  on  suspended  wicks  ; 
the  cylindrical  form  being  afterwai-ds  given  by  roll- 
ing hot  between  a  wooden  slab  and  a  wet  table. 

Larger  wax  candles  are  mside  by  rolling  a  wick 
into  a  sheet  of  wax,  in  a  spiral  of  gradually  increas- 
ing diameter.  Such  were  those  of  Drury-laiie  rcdi- 
vivus, — 

**  Tla  inreet  to  view  from  half  put  five  till  six 
Oar  loDg  wax  candlea  with  short  cottOD  wicks." 

Wax  tapers  are  made  by  drawing  a  string  at  a 
regulated  speed  through  a  pan  of  melted  wax. 

The  Reformation  greatly  decreased  the  consump- 
tion of  wax  candles  and  the  keeping  of  bees.  In 
the  Castle  of  Wittenberg  and  its  church  35,750 
pounds  of  wax  lights  were  burned  yearly.  In  the 
oeginning  of  the  fourteenth  century,  wax  and  tallow 
candles  were  uncommon.  Philip  the  Bald,  Duke  of 
Burgundy  about  1361,  offered  to  St.  Antony  of 
Vienne,  for  the  restoration  of  the  health  of  his  sick 
son,  as  much  wax  as  the  latter  weighed,  and  was  held 
to  have  made  a  princely  offer.  In  January,  1779, 
14,000  wax  candles  were  lighted  at  once  in  the  cele- 
bration of  a  feast  in  the  Electoral  Palace  of  Dresden. 

Candles  which  require  no  snuffing  have  slender 
wires  twisted  in  with  the  cotton  of  the  wick.  When 
burning,  the  ton  of  the  wick  turns  outward  in  such 
a  way  as  to  enable  the  oxygen  of  the  aii*  to  consume 


the  charred  substance,  which  it  cannot  do  when  in 
the  middle  of  the  flame. 

Night-lights  ara  short  thick  candles  with  smally 
thin  wicks. 

Machines  are  use4  for  making  candles  with  an 
inner  core  of  soft  or  inferior  material,  such  as  tallow, 
and  a  coating  of  hard  or  superior  substance,  such  aa 
pai-affine. 

Can'dle-dip'piiig  Bffa-chine'.  A  frame  by 
which    a    large 

number    of    de-  Fig.  1067. 

pendent  wicks 
are  dipped  into  a 
cistern  of  melted 
tallow  and  then 
lifted  out  of  it, 
the  process  being 
repeated  until  a 
sufficient  thick- 
ness of  tallow  has 
accumulated  on 
the  wick.  The 
candle-dipper 
shown  is  intend- 
ed to  give  a  de- 
terminate weight 
to  any  number 
of  candles.  The 
wicks  are  sus- 
pended on  rods  from  one  end  of  the  balance-biir,  and 
a  weight  is  placed  in  the  scale  at  the  other  end. 
The  wicks  are  repeatedly  dipped  into  the  tallow-vat 
until  they  acquire  the  desired  weight. 

Can'dle-mold.  The  Sieur  Le  Brez  of  Paris  m 
said  to  have  been  the  inventor  of  molding  candles. 

The  Marquis  of  Worcester  in  his  "Century  of  In- 
ventions," 1655,  speaks  of  brass  candle-molds  in 
which  a  man  may  make  500  dozen  in  a  day.  He 
adds  an  ingredient  to  whiten,  cheapen,  and  render 
the  candle  more  lasting. 

At  the  present  day,  candle-molds  are  usually  made 
of  pewter  or  tin  ;  in  some  cases  glass  has  been  em- 
ployed. They  may  be  inserted  in  a  wooden  frame, 
the  upper  part  of  which  serves  as  a  trough ;  or 
several  molds  may  be  permanently  attached  to  a  tin 
trough,  the  whole  constituting  a  single  mold.  Each 
mold  consists  of  a  cylindrical  tube  having  a  conical 
tip,  with  a  'Circular  aperture  through  which  the 
doubled  wick  is  drawn,  by  means  of  a  hooked  wire, 
allowing  the  loop  to  project  a  little  beyond  the  open 
end  of  the  mola  ;  while  the  other  end  of  the  wick 
projects  beyond  and  closes  the  aperture  in  the 
conical  tip.  Sticks  or  wires  are  passed  throngh  the 
loops,  their  ends  resting  on  the  edges  of  the  mold- 
frame.  The  mold  is  placed  open  end  np,  and  the 
melted  tallow  poured  mto  the  trough  by  means  of  a 
ladle.  When  sufficiently  hard,  they  are  withdrawn  by 
means  of  the  wires  or  sticks  passing  through  tbe  loops. 

Can'dle-Btick.  A  well-known  domestic  utensil 
employed  for  holding  and  carrying  a  lighted  candle, 
now  to  a  great  extent  superseded  by  the  introduction 
of  gas,  kerosene,  etc. 

The  candlesticks  of  the  ancients  were  very  ornate, 
and  those  belonging  to  the  temple  worship  were 
large  and  many-branched.  The  candlestick  of  the 
Hebi-ew  Tabernacle  was  in  the  first  apartmeiit ;  a 
constantly  burning  light  was  a  feature  in  the  wor- 
ship of  most  Eastern  nations.  A  candlestick  or 
lamp-stand  was  emblematical  of  the  priest's  office, 
and  was  used,  in  metaphor  at  least,  as  an  emblem 
of  acceptable  oblation  ;  as  in  Revelation,  where 
rejection  is  intimated  by  the  threat,  *'  I  will  come 
unto  thee  quickly,  and  will  remove  thy  candlestick 
out  of  his  place,  unless  thou  repent. " 
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Candlesticks  are  mentioned  in  England  in  the 
reign  of  Edgar,  a.  d.  957. 

Can'droy.  A  machine  used  to  prepare  cotton 
cloths  for  pnnting,  spreading  out  the  fabric  as  it  is 
rolled  around  the  lapping-roller. 

CaQ'dy.  From  the  Sanskrit,  kanda.  Sugar  is 
from  Sanskrit,  *aarkara.     See  Sugar. 

A  preparation  of  sugar  or  molasses,  either  alone 
or  in  combination  with  other  substances,  to  flavor, 
color,  or  give  it  the  desired  consistency. 

Sugar-candy,  as  known  to  the  British  confectioner, 
and  Known  as  rock-candy  in  the  United  States, 
consists  of  large  cr}'8tal8  of  sucar  clarified  with  a 
lesser  quantity  of  charcoal-powder  than  usual,  and 
not  filtered,  and  the  ciystals  a^repted  on  strings 
suspended  in  the  vessel  in  which  it  is  evaporated, 
ana  then  left  to  cool. 

Candies  of  various  kinds,  colors,  flavors,  and 
shapes,  are  made  by  different  combinations  of  in- 
greuients,  processes,  and  machines,  which  cannot  be 
considei-ed  at  length  in  this  work.  See  **The  Art 
of  Confectionary,^  Tilton  &  Co.,  Boston,  1866  ;  Jar- 
rin's  "Italian  Confectioner,"  London,  1861. 

In  one  form  of  candy-making  machine,  the  candy 

Fig.  1068. 


Ccindy'Making  JlfseAine. 

in  its  plastic  condition  iiasses  between  geared  rolls 
in  which  are  dies  or  molds,  and  having  a  slight  space 
between  their  outer  faces ;  side- rolls  are  also  employed 
for  giving  uniform  speed  j  and  the  molded  figures  pass 
out  on  endless  banas  driven  in  opposite  directions, 
both  sides  of  the  figures  being  thus  set  or  chilled. 

Cane.  1.  The  stem  of  a  plant  of  the  genus 
Calamu.%  very  common  in  the  south  of  Asia  along 
the  margins  of  rivers  and  lagoons.  It  is  split  into 
ribbons,  and  used  for  making  chair  seats  and  backs. 
Machines  are  adapted  for  splitting,  planing,  and 
polishing  rattan  for  the  various  purposes  to  which 
it  is  adapted.  After  the  removal  of  strips  having 
the  polished  cuticle,  the  core  or  central  portion  is 
rounded  and  used  for  basket-making  and  other  pur- 
poses.   Sec  Rattan. 

2.  Tlie  sugar-cane  {Saccliarum  officinarum).  See 
Sugar. 

8.  A  walking-stick. 

In  the  manufacture  of  canes  great  quantities  and 
varieties  of  materials  are  consumed.  The  black- 
thorn and  crab,  cherry-tree  and  furze-bush,  sapling 
oak  •  and  Spanish  reed  (Arundo  donax)^  are  the 
favorites.  Then  come  suppler-jacks  and  pimentoes 
from  the  West  Indies,  rattans  and  palms  from  Java, 
white  and  black  bamboos  from  Singapore,  and  stems 
of  the  bambusa  —  the  gigantic  grass  of  the  tropics 


—  from  Borneo.  These  are  cut  at  certain  seasons, 
freed  from  various  appendages,  assorteil  into  sizes, 
and  seasoned.  Many  diHerent  pi-occases  arc  n^quireil 
to  finish  even  the  cheapest  cane.  The  bark  is  to  be 
removed  after  boiling  the  stick  in  water,  or  to  be 
polished  after  roasting  it  in  ashes  ;  excrescences  are 
to  be  manipulated  into  )ioints  of  beauty ;  handles 
straighteneil  and  shanks  shaped  ;  forms  twisted  and 
heads  rasped ;  tops  carVed  or  mounted,  surfaces 
charred  and  scraped,  shanks  smoothed  or  varnished, 
and  bottoms  shape<l  and  feiTuled.  Malacca  canes 
have  frequently  to  be  colored  in  parts,  so  that  stained 
and  natural  surfaces  are  not  distinguishable  ;  ivory 
for  handles  is  turned  or  carved  into  shape ;  hoi-ns 
and  hoofs  for  handles  are  baked,  to  retain  their 
forma;  tortoise-shell  raspings  are  conglonierated  by 
pressure  into  ornamental  shapes,  and  lithographic 
transfers  are  extensively  used  u^ion  walking-sticks 
for  the  Parisian  market.  | 

The  Egyptian  gentleman  did  not  consideif  himself 
"fixed"  without  a  walking-cane.  He  aflccteil  a 
certain  little  horn  or  prong  near  the  handle-end. 
The  lotus-fiower  was  a  favorite  knob.  Their  canes 
varied  from  8A  to  6  feet  long.  Their .  names  were 
inscribed  on  them  in  hieroglyphics. 
4.  A  water-raising  device.    See  Hydraulic  Cank. 

^*^~ A  — ;apon  comprising  a  gun-barrel 

f  devices,  an-anged  within  the 
to  present  the  appearance  of  an 
;k. 

r.   A  machine  for  cutting  sugar- 
he  field.     It  differs  but  little 
C0RN-1IARVF..STER  (which  see), 
saws  or  blades  which  cut  the 
id,  the  cane  falls  over  into  a 
it  saw  cuts  ofl*  the  top,  whose 
imperfectly      matured     sap 
injures  the    quality  of   the 
sugar  by  its  feculence,  and  its 
quantity  of   iuici7stallizable 
sujmr. 

Cane-juice    Bleaoh'er. 
An  apparatus  for  decolorizing 
-.  cane-jnice  by  means  of  sul- 
-'  phurous  acid  vapor.     As  the 
cane   is  crushed,   the  juice 
from  the  rollera  passes  by  a 
trough  into  a  cylinder,  in  which  is  a  revolving  agi- 
tator consisting  of  a  perforated  cylinder  with  paddle- 
wheels.     At  one  side  of  the  cylinder,  and  communi- 
cating with  it,  is  a  tank  with  a  perforated  cover,  on 
which  a  stream  of  water  is  projected.     The  tank 
communicates  with  an  oven  containing  sulphur,  the 
vapor  of  which  escapes  into  the  tank,  where  it  is 
purified  by  the  water,  and  then  passes   into   the 
cylinder,  where  it  is  mingled  with  tne  cane-juice  by 
means  of  the  agitator. 

Cane-knife.  A  knife  like  a  sword  or  Spanish 
machete^  used  for  cutting  standing  cane.  It  has  a 
blade  from  18  to  24  inches  long,  and  is  made  in 
various  patterns  for  the  Southern  or  South  American 
market. 

The  necessities  of  the  soi^hum  culture  in  the 
United  States  have  given  i-ise  to  several  special 
tools,  among  which  are  the  strippers.  (See  Cane- 
stripper.)  These  are  for  the  purpose  of  removing 
the  blades  from  the  stalk,  the  former  being  green, 
immature,  and  absorbent,  tending  to  depreciate  the 
quantity  and  quality  of  the  juice,  which  is  feculent 
enough  at  any  time. 

Tlie  cane  must  be  topped  also,  for  the  same 
reason  ;  the  saccharine  juices  of  the  top  are  cnide 
and  immature,  and  the  panicle  is  not  calculated  for 
the  purpose,  its  duty  being  to   elaborate  stareh, 
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CANE-SPLITTER. 


which  is  somewhat  matured  at  the  season  of  cut- 


ae-mllL    A  machine  for  grinding  sugar-cane 
or  Boxghum-stalks. 

By  a  system  of  levers  A  and  B  the  roll  C  is  forced 
up  against  the  top  roll  in  close  contact  with  it,  so  as 

Fig.  1060. 


Fig.  1061  shows  a  soighum-mill  on  a  somewhat 
smaller  scale,  having  three  rolls  which  give  two 
points  of  pressure.  The  cane  is  fed  by  a  narrowing 
spout  between  the  rolls  J  K,  and  then  between  J  L. 
The  juice  is  received  in  a  pan,  the  rolls  are  kept 
clean  by  a  scraper,  and  the  bagasse  delivered  on  to 
a  discharge-board. 

ng.io«i. 


Sugar- (hue  MiU. 

to  mash  large  and  small  canes.  The  strain  is  regu- 
lated by  the  shifting  of  the  weights  on  the  compound 
levers,  so  as  to  produce  any  pressure  required.  The 
power  is  appliect  to  the  pulley  Z>,  and  transmitted  to 
the  upper  roll  through  the  pinion  E.  The  endless 
spron  T  carries  the  cane  to  be  cnished. 

In  Fig.  1060,  the  cane  is  fed  into  the  mill  by  an 
endless  belt  O,  and  is  held  by  the  rollers  H  g^  while 
the  revolving  knives  C  F  chop  it  into  pieces,  which 
(all  on  the  crushing-wheel  beneath.  This  wheel 
grates  the  pieces  against  the  concave  and  reduces 
them  to  a  jralj),  which  then  drops  on  the  expressing- 
ToUers,  where  it  is  subjected  to  a  jet  of  steam,  which 
18  emitted  by  the  nozzle  Z',  and  the  bagasse  eventu- 
ally carried,  out  by  the  endless  apron  r. 

Fig.  lOflO 


Aifar-CbiM  M3L 

Ca]ie-^>oliah-iiig  Bffa-chine'.  A  machine  for 
polishing  the  hard  siliceous  cuticle  of  rattan-splints 
after  they  are  split  and  rived  from  the  cane.  See 
Rattan  ;  Cane-working  Machine. 

Can^praBB.  Bessemer's  cane-press  has  a  plunger 
reciprocating  in  a  trunk  into  which  the  cane  is  m- 
troduced  transversely.  A  length  of  cane  is  cut  off 
at  each  stroke  of  the  plunger,  and  then  jammed 
against  the  mass  of  cut  cane,  which  is  eventuadly 
driven  out  at  the  open  end. 

Cane-scrap'er.  A  machine  for  cutting  away  the 
woody  fiber  from  the  back  of  a  splint  of  rattan,  to 
brin^  it  to  a  thin,  pliable  strand  or  braid,  for  weav- 
ing into  a  chair-seat  or  for  similar  use.   See  Rattan. 

Cane-splitter.  One  for  cutting  and  riving  splints 
from  rattan.  See  Cane- working  Machine  ;  Rat- 
tan. 

Fig.  1062. 


Cktne-Mm. 


CRfi  ^  Of  f  ippets. 
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GaneHitiij^per.  A  knife  for  stripping  and  top- 
ping cane-stalks. 

Tne  cane-knife  and  stripper  a  has  a  spring  jaw, 
whidi  coincides  with  an  indentation  in  the  blade,  to 
form  a  circolar  opening.  This,  being  clasped  upon 
the  stalk,  is  drawn  rapidly  downward,  stnpping  off 
the  leaves,  and  the  blade  is  ready  for  topping  when 
needed. 

The  cane  may  be  stripped  while  standing  in  the 
field,  which  some  prefer. 

The  cane-knife  and  stripper  b  has  a  spring  jaw, 
which  is  arranged  like  the  curved  guard  on  a  sword- 
hilt.  The  dotted  lines  show  the  position  assumed  by 
the  spring  jaw  when  opened  to  be  placed  over  a  stalk. 

Otner  forms  of  cane-strippers  are  tubes  armed  with 
knives,  which  strip  the  leaves  from  the  stalk  which 
passes  through  the  tube. 

Cane-iTfrork'ing  Bffa-ohine'.  Machines  for  split- 
ting the  strands,  splints^  or  braids  of  ^rattan  from  the 
central  portion  of  the  cane.  The  part  used  is  the 
polished  bark,  and  the  machines  for  working  it  are 
knpwn  as  cane  splitters,  planers,  scrapers^  mavers, 
dressers,  reducers,  polishers.  Some  of  these  names 
are  synonymous. 

Splitters  make  longitudinal  incisions  through  the 
bark  at  such  distances  apart  as  may  suit  the  circum- 
ference of  the  cane  ana  the  desired  width  of  the 
strand.  The  cane  is  forced  throup;h  an  opening, 
which  has  radial  knives  which  divide  the  strands, 
and  tangential  chisels  which  lift  the  strands  and  part 
it  from  the  central  core,  a  cone  spreading  the  strands 
outward  clear  of  the  core.  The  next  operation  is  to 
plane,  pare,  or  shave  the  inner  or  woody  side  of  the 
strand,  so  as  to  make  that  side  quite  smooth  and 
bring  the  strand  to  an  even  thickness.  The  machine 
has  adjustable  knive-s  and  gages. 

The  reduced  splints  are  then  polished  by  passing 
beneath  rapidly  rotating  wheels. 

Can-foume.  A  cotton-roving  machine  in  which 
the  roving  is  received  into  cans,   A  can-roving  frame, 

Can'gan.  {Fabric.)  Chinese  coarse  cotton  clotli. 
It  is  in  pieces  6  yards  long,  19  inches  wide,  and  has 
a  fixed  currency  value. 

Can-hook.  A  device  for  slinging  casks  in  hoist- 
ing. Tne  ends  of  a  piece 
of  rope  are  reeved  through 
the  eyes  of  two  flat  hooks 
and  stopped.  The  tackle 
is  hooked  to  the  middle  of 
the  bight. 

Can'la-ter-ahot. 
Spherical  iron  shot,  small- 
er than  grape,  and  used 
with  guns  of  all  calibers 
I  up  to  10  inches.  They  are 
laid  in  tiers  in  a  tin  case  or 
canister  somewhat  smaller  in  diameter  than  the  bore 
of  the  gun,  having;  an  iron  plate  at  the  top  and  bot- 
tom. The  interstices  between  the  shot  are  filled  in 
with  sawdust  closely  packed,  and,  when  full,  the 
iron  cover  is  put  down,  and  the  end  of  the  canister, 
which  is  cut  into  slips  for  the  purpose,  is  turned 
down  over  it.  Different-sized  shot  are  provided  for 
each  description  of  cannon,  those  for  howitzers  be- 
injp;  smaller  than  those  for  guns  of  the  same  caliber. 
Or  the  former,  48  shots  are  packed  in  the  canister, 
and  of  the  latter,  27.  Canisters  are  employed  against 
masses  of  troops  at  short  ranges  ;  at  distances  greater 
than  about  400  yards,  case-shot  are  consider^  more 
efficient.  Canisters  for  the  12-pounder  mountain- 
howitzer  are  alwavs,  and  those  for  the  smaller  rifled 
guns  generally,  filled  with  musket-bullets. 

Can-knife.  A  domestic  iinplement  for  cutting 
open  the  lids  of  tin  cans.    See  Can-opkmsr. 


Kg.  1063. 


Can'na-quln.  {Fabric,)  White  cotton  doth finai 
the  East  Indies. 

Can'non.  1.  A  fire-arm  of  a  size  which  reqnirw 
it  to  be  mounted  for  firing.  As  synonymous  witii 
ordnavM  Or  artillery,  it  includes  ^^reat  guns,  howw 
itzers,  and  mortars ;  the  latter  are  pieces  of  relatively 
short  bore  and  lai^e  caliber,  for  finni^  shells.  How- 
itzers are  short  pieces  with  snb-caliber  chambers, 
and  are,  in  some  respects,  a  grade  between  guns  and 
mortal's. 

The  name  is  derived  from  the  same  root  as  canns 
(Fr. ),  a  reed ;  and  the  English  words  can,  cane, 
canal,  canoe,  etc.,  which,  with  the  German  kanne, 
Latin  canna,  and  Greek  Kdwa,  are  presumably  de- 
rivatives from  some  Sanscrit  root  signifying  a  tubu- 
lar or  hollow  object.    See  Howitzer  ;  Mortar. 

The  earliest  cannon  was  doubtless  Chinese,  for 
thence  came  gunpowder.  The  historv  of  cannon  is 
the  history  of  Gunpowder  and  of  Fire-works 
(see  under  those  heads).  The  nitrous  efflorescence  of 
the  Tartar  plains  combined  with  the  carbon  of  the 
argol  fuel,  and  caused  a  sputtering  beneath  the  pip- 
kins of  the  nomads ;  curiosity  and  ingenuity  com- 
bined the  materials  more  intimately,  and  chance  or 
care  added  the  third  ingredient,  sulphur.  Doubt- 
less the  paper  cases  and  Mimboos  whicn  were  charged 
with  the  restless,  fiery  stuff  were  first  of  all  intenaed 
for  mere  fireworks  and  dazzling  exhibitions  ;  but,  as 
the  art  advanced,  the  intermittent  firework  was  in- 
troduced, which  discharged  balls  of  fire  at  interva^B. 
This  appears  among  us  as  the  Rvtnan  candle,  —  a  very 
absurd  name.  By  taking  a  tube  of  increased  size, 
putting  in  a  larger  charge,  and  a  missile  on  top  of 
the  latter,  we  have  a  fire-arm ;  and  this  may  have 
been  the  condition  of  the  matter  when  the  advanced 
guard  of  Alexander  was  met  in  Northern  India  by 
a  people  who  fou^t  them  with  "balls  of  fire,"  as 
the  ancient  histonan  narrates.  The  word  canne,  a 
reed,  is  well  chosen  ;  for  the  original  tube  was  a  ried 
or  bamboo  in  all  probability,  and  was  also  called  by 
that  name.  The  thing  and  its  title  have  kept  well 
together  for  two  or  three  thousand  years.  This 
sometimes  happens,  as  in  the  case  of  two  kinds  of 
cloth  well  known  in  England,  and  to  some  extent 
here,  barracan  and  camlet,  Falstaff  says  :  —  '*  Two 
rogues  in  barracan  (corrupted  into  budcram)  set  at 
me " ;  not  knowing  that  he  was  talking  Arabic, 
—  barrdkdn,  barkdn,  a  garment  of  camel's  hair, 
from  barik,  a  camel.  Our  gossiping  friend  Samuel 
Pepys,  and  the  more  stately  Sir  William  Tem- 
ple, prided  themselves  on  their  camlet  clokes, 
which,  if  genuine,  were  even  then  made  of  cameFs 
hair,  as  they  were  in  the  time  of  Esau  and  Jacob. 
The  word  is  about  the  same,  strange  to  say,  in'  the 
Aramean  and  Aryan  tongues  (Heb.  gdmdl;  Ar. 
gamal;  Greek,  «ca/ii)Xot),  which  may  be  accounted 
for  by  supposing  that  the  Semitics  received  the 
animal  ana  its  name  from  its  original  proprietors, 
the  men  who  crossed  the  Hindoo  Koosh,  and,  occu- 
pying the  country  of  the  five  rivers,  became  trading 
acquaintances  of  the  Mesopotamian  nations. 

Keference  to  the  use  of  the  fire-driven  balls  occurs 
at  intervals  along  the  pathway  of  history,  and  there 
is  but  little  doubt  that  the  Greek  emperors  possessed 
some  modes  of  projecting  fire  and  explosives,  perhaps 
balls,  as  early  as  the  seventh  century.  Cond^,  m 
his  Historv  of  the  Moors  in  Spain,  speaks  of  them  as 
used  in  the  attack  on  fortified  places  as  early  as 
1118,  and  at  the  siege  of  Cordova,  1280.  It  is  rea- 
sonable to  suppose  that,  failing  to  enter  Europe  at 
the  Bvzantine  Gate,  th^  advent  would  be  by  the  Pil- 
lars of  Hercules,  by  which  route  arrived  cotton,  pa- 
per, clocks,  medicines,  the  present  (Hindoo)  system 
of  notation,  and  many  other  things,  including  the 
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shirt,  its  name,  uses,  and  materials  {chemise;  Sp. 
eamisa;  Ar.  kamis;  not  shirty  which  only  means 
§h(ni,  and  has  nothing  to  do  with  it).  Even  the 
Arabic  kamis  betrays  the  origin  of  the  stuff,  being 
from  the  Sanscrit  hKhauma^  a  Umguage  hi  a  diifer- 


Fig.1064. 


Enmovs  Cannon,  of  ttu  WoHd. 


cnt  family  from  the  Arabic,  the  name  beinpf  evidently 
imported  from  India  by  the  Arabs  along  with  the 
material ;  for  the  tree-wool^  as  Herodotuscalls  cotton, 
was  known  as  an  Indian  production  in  the  time  of 
the  **  Father  of  History,"  whose  credit  grows  bright- 
er and  brighter  as  years  roll  by,  —  tardy  justice. 


In  the  eleventh  century,  if  we  may  credit  the 
chronicle  of  Alphonso  VI.,  written  by  Pedro,  bishop 
of  Leon,  the  vessels  of  the  king  of  Tunis,  in  the  at- 
tack on  Seville,  "  had  on  board  a  number  of  iron 
Si|>e8,  out  of  which  volumes  of  thundering  fire  were 
iscliaiged." 

In  the  fourteenth  century  the  references  to  the 
uses  of  cannon  became  common.  Ferdinand  took 
Gibraltar  from  the  Moors  by  cannon,  in  1308.  Pe- 
trarch refers  to  them  about  the  same  time.  The  Eng- 
lish (at  Crecy,  1346),  the  Moors,  Arragonese,  French, 
and  Danes,  used  them  during  that  century. 

Metallic  cannon  were  originally  made  by  welding 
bars  of  iron  longitudinally  and  binding  them  by 
rings,  which  were  shrunk  on  over  them  while  hot,  — 
a  plan  which,  with  some  modifications,  has  been  re- 
vived of  late  years,  and  seems  inoi'e  feasible  in  the 
present  state  of  the  arts  than  it  was  500  years  ago. 

Some  of  these  ancient  guns  were  breech-loaders, 
having  a  removable  chamber,  insertable  in  the 
breech,  where  it  was  wedged,  for  the  purpose  of  con- 
taining the  charge  of  powder. 

The  balls  originally  used  were  of  stone,  in  some 
cases  weighing  800  pounds  or  more,  as  is  the  case  of 
the  Mohammed  II.  gun,  mentioned  presently. 

Fig.  1064  shows  the  relative  sizes,  and,  to  some 
extent,  the  mode  of  construction,  of  a  number  of  the 
laiger  and  more  celebrated  of  the  pieces  of  ordnance. 

a  is  the  Tzar-Fooschka^  the  great  bronze  gim  of 
Moscow,  cast  in  1586.  Bore,  122  in.  long,  36  in. 
diameter;  chaml)er  70  in.  long,  19  in.  diameter; 
total  exterior  length,  210  in. ;  weight,  86,240 
pounds. 

bf  great  bronze  gun  of  Bejapoor,  India,  MaUk-I- 
Mydan,  the  "  Master  of  the  Field."  Cast  in  1548. 
Bore,  28.5  in.  ;  total  length,  170.6  in.  ;  weight, 
89,600  pounds. 

Cj  bronze  cannon  of  Mohammed  II.,  a.  d.  1464. 
Bore,  25  in.  ;  total  length,  17  ft. ;  weight,  41,888 
pounds. 

d,  the  Dulle-Grietey  of  Ghent,  Holland.  Wrought- 
iron,  made  in  1430.  Bore,  25  in.;  total  length, 
197  in.  ;  weight,  29,120  pounds. 

e,  great  bronze  gun  of  Agra,  Induij, Dhod-Dhanec 
Cast  in  1628.  Bore,  23.2  in. ;  total  length,  170.2 
in.  ;  weight,  67,648  pounds. 

/,  wrought-iron  gun,  Afons  Meg,  Edinbuigh. 
Made  before  1460.  Bore,  20  in. ;  total  length,  159 
in.  ;  weight,  12,768  pounds. 

g,  MichelclU  le  Grand,  at  Mont  St.  Michel. 
Wrought-iron,  made  in  1423.     Bore,  19  inches. 

k,  Mtchelette  U  Petite,  at  the  same  place.  Bore, 
15  in. 

t.  Malleus  mortar,  1857  >  58.  Bore,  36  in. ; 
weight,  93,840  pounds. 

j,  English  wrought-iron  muzzle-loading  35-ton 
gun.     &re,  12  in. ;  weight,  48,400  pounds. 

k,  Krupp*s  breech -loading  steel  gun.     Bore,  11  in. 

I,  sea-service  mortar.  Bore,  13  in.  ;  weight, 
11,200  pounds. 

7rt,  68-pounder ;  weight,  10,740  pounds. 

n,  Armstrong  breech-loader.     Bore,  7  in. 

For  relative    sizes  of   projectiles,  see    Canxok- 

BALLS. 

The  names  adopted  for  cannon  in  the  fifteenth  cen- 
tury may  be  interesting :  — 

Name.  Weight  of  BilL 

Aspick 4  pounds. 

Basilisk 48  pounds. 

Bastard  or  { carthonn         .        .        .30  pounds. 
Cannon  royal  or  carthoun        .        .         48  pounds. 

Culverin 18  pounds. 

Demi-culverin  ....  9  pounds. 
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Weight  of  BalU 

Dragon 6  pounds. 

Falcon 6  pounds. 

Falconet 1  to  3  pounds. 

Half  carthoun  ....        24  ]>ounds. 

Moyen 10  to  1 2  ounces. 

Rabinet 16  ounces. 

Saker 5  to  8  pounds. 

Serpentine 4  pounds. 

Siren 60  i)ouud8. 

Cannon  or  ordnance  as  at  present  constnicted,  and 
nsed  in  Europe  and  America,  may  be  divided  into 
three  classes :  guns,  or  cannon  proper,  howitzers, 
and  mortars.  Carronades,  which  were  a  short,  light 
species  of  cannon,  intended  for  firing  solid  shot  at 
short  ranges,  with  small  charges  of  powder,  are  now 
nearly  ob^lete.  They  were  used  on  shipboard,  and 
were  principally  distinguished  by  having  no  trun- 
nions, being  secured  on  their  carnages  or  "slides" 
by  a  bolt  passing  through  a  lug  or  '*  navel "  cast  on 
their  under  side,  and  by  a  peculiar  internal  and  ex- 
ternal chamfer  at  the  muzzle ;  the  name  is  derived 
from  that  of  the  foundry  on  the  river  Carron,  in 
Stirlingshire,  Scotland,  where  they  were  originally 
cast. 

Guns,  as  distinguished  from  howitzers  or  mortars, 
are  intended  for  tiring  either  solid  shot,  shells,  or 
case-shot,  generallv  at  moderate  elevations,  and,  in 
the  case  ot  smooth-bore  guns,  with  comparatively 
high  chai'ges  of  nowder,  varying,  according  to  the 
species  of  projectile  and  the  object  desired,  to  from 
J  to  J  the  weight  of  the  solid  shot  pro^)er  to  the  cal- 
iber. The  hore  at  the  muzzle  has  a  slight  chamfer. 
The  perpendicular  portion  of  the  muzzle  is  the 
face. 

The  different  parts  of  a  gun  or  howitzer  are  desig- 
nated aa  follows :  the  breeehy  including  the  whole 
mass  of  metal  in  the  rear  of  the  bottom  of  the  bore, 
and  extending  to  the  rear  of  the  base-ring  ;  the  caS' 
cabcl,  including  the  base  of  the  breech  and  knob  ; 
the  reinforce,  or  reinforces,  including  the  thickest 
part  of  the  gun  in  front  of  the  base-ring  and  extend- 
ing forward  to  the  chase,  or  conical  poit  which  ter- 
minates at  the  Tieckf  or  thinnest  part  of  the  gun, 
where  the  swell  of  the  muzzle  begins ;  or,  should 
there  be  no  swell,  all  the  part  in  rear  of  the  face  of 
the  muzzle  is  inclnded  in  the  cliase.  The  trunnions 
are  shoit  journals  which  support  the  gun  on  its  car- 
riage, the  width  of  which  is  determined  by  the  dis- 
tance between  the  rimbases. 

In  the  accompanying  section  of  a  32- pounder  gun, 
from  ^  to  ^  is  the  cascabel,  A  being  the  knob  of  the 
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82-PtmHder  Sea-Cbast  Gun. 

cascabel  and/  the  base  of  the  breech;  a  is  the  base- 
ring  ;  from  a  to  C  is  the  first,  and  from  C  to  Z>  the 
second  reinforce  ;  from  Z^  to  i?  is  the  chase,  expand- 
ing into  the  swell  of  the  muzzle  F,  which  temnnates 
in  the  lip  O  ;  b\a  the  ellij>soidal  bottom  of  the  bore, 
indicated  by  the  dotted  lines  ;  e  shows  the  diameter 
and  position  of  a  rimbase,  and  d  that  of  a  trunnion. 
The  diameter  of  the  latter  in  guns  is  usually  the  same 
as  that  of  the  bore,  and  in  nowitzers,  and  mortars 
of  the  old  pattern,  as  that  of  the  chamber,  e  is  the 
chase-rinp,  an  ornamental  fillet.  The  position  of 
the  vent  is  shown  at  y  ;  its  diameter  is  invariably  two 


tenths  of  an  inch.  Rifled  guns  have  a  vent-piece 
of  wrought-copper  screwed  into  the  piece. 

Guns  for  use  on  ship-board  have  a  slot  in  the 
knob  of  the  cascabel  to  i^eceive  the  breeching,  a  stout 
rope  sectired  to  ring-bolts  in  the  side  of  the  vessel 
for  the  purpose  of  checking  the  recoil. 

Rifled  cannon  were  first  employed  in  actual  ser- 
vice in  Louis  Napoleon's  Italian  campaign  of  1859. 
General  James's,  1861,  were  the  first  introduced  into 
the  United  States  service.  These  were  service-pat- 
tern smooth-bores,  rifled  and  furnished  with  pro- 
jectiles also  invented  by  General  James.  Captain 
Parrott's  gun  soon  followed  James's.  This  was  con- 
structed by  shrinking  a  wrought-iron  reinforce  over 
the  breech  of  a  cast-ii-on  core,  and  was  noted  for  its 
fewness  of  grooves  and  smallness  of  caliber  in  pro- 
I)ortion  to  the  weight  of  the  projectile,  which  was 
very  elongated.  Wiar^l's  gun  was  of  steel,  ham- 
mered and  welded,  and  was  accompanied  by  a  pecu- 
liar and  novel  carriage.  The  3-inch  "  Oi-dnance"  or 
Griffin  gun  was  finally  adopted  for  rifled  field- 
artillery,  and  large  numbers  were  in  service  at  the 
close  of  the  civil  war  in  the  United  States.  Tliis  is 
a  wrought-iron  gun  weighing  about  820  pounds, 
rifled  with  7  grooves,  and  canning  a  projectile 
weighing  about  10  pounds.  A  cast-iron  rifled  siege- 
^n,  44-inch  caliber,  and  caTr}'ing  a  projectile  weigh- 
ing about  30  pounds,  was  introduced  into  the  ser- 
vice at  the  same  time. 

About  1812,  Colonel  Bomford,  U.  S.  A.,  intro- 
duced a  chambered  gun  caUed  by  him  the  colum- 
biad.  These  were  made,  thicker  at  «the  breech  and 
thinner  at  the  muzzle  than  was  then  customary. 
This  form  was  somewhat  modified  in  the  shell-ffuns 
of  Colonel  Paixhans,  of  the  French  army,  about 
1822,  which  found  their  way  into  the  United  States 
land-service  at  a  later  period  under  the  name  of 
sea-coast  howitzers. 

Experiment  has  gradually  led  to  the  practice  of 
increasing  tibe  thickness  of  ordnance  at  the  breech 
and  reducing  it  at  the  muzzle,  and  making  the  re- 
sisting surfaces  curvilinear.  A  laive  share  of  credit 
in  this  respect  is  due  to  the  late  Admiral  Dahlgren, 
U.  S.  N. 

The  Rodman  gun,  from  the  late  Colonel  Rodman, 
U.  S.  A.,  resembles  in  general  form  the  Dahlgren 
gun,  but  is  cast  with  a  core,  through  which  a 
stream  of  water  ciroulates  while  cooling,  instead 
of  solid,  in  the  oi*dinary  way  ;  this  tends  to  harden 
the  metal  in  the  immediate  vicinitv  of  the  bore 
and  inci-ease  its  tenacity.  This  mode  of  casting  is 
principally  applied  to  the  laiger  calibers,  from  8  to 
20  inches.  A  gun  of  the  latter  size,  weighing  116, 000 
pounds,  throws  a  projectile  of  nearly  1,100  pounds 
upwards  of  44  miles  at  an  elevation  of  25°,  with  a 
maximum  charce  of  200  pounds  powder. 

The  extreme  length  of  the  piece  is  20  ft.  3  in.  ;  of 
bore,  17ft.  6  in. ;  and  greatest  diameter,  5  ft.  4  in. 

The  Crimean  war  (1854)  imparted  quite  an  im- 
pulse to  the  improvement  of  ordnance  and  projec- 
tiles. 

Lancaster's,  one  of  the  firet  of  these,  obviated  rifling 
by  making  the  bore  elliptical,  but  with  a  gradual  twist 
throughout,  so  that  a  projectile  of  corresjwnding 
shape  would  receive  a  rotary  motion  during  its  pas- 
sage through  the  bore. 

Armstrong's  firat  gun  was  made  in  1855,  and  a 
patent  obtained  in  1857.  It  has  been  extensively 
adopted  in  the  British  service.  It  is  built  up  of 
layers  of  wrought-iron  bars  twisted  spirally  in  re- 
verse directions  over  a  steel  core,  and  Iwund  to- 
gether by  one  or  more  wrought-iron  rin^  shnink  oh 
at  a  white  heat.  A  peculiar  breech -loading  mechan- 
ism is  also  used  with  this  gun.     See  Aumiituono  Gu  x. 
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In  the  Ames  cannon,  a  series  of  compound  longi- 
tudinal rings  are  consecutively  welded  to  a  concave 
breech-piece,  upon  a  removable  mandrel. 

Blakeley's  cannon  is  composed  of  an  inner  tube, 
which  may  be  of  mild  steel,  upon  which  an  outer 
tube  of  less  extensible  material,  as  hard  steel,  is 
shrunk.  His  first  English  patent  was  in  1855. 
The  American  patent,  in  which  the  process  here 
mentioned  is  described,  bears  date  1864. 

WMtworth  commenced  experimenting  about  1855, 
and  his  guns  underwent  a  satisfactory  test  in  1860. 
The  leading  peculiarities  are  a  bore  which  is  hexag- 
onal in  cross  section  without  grooves,  and  having  a 
rapid  twist ;  the  projectile  is  a  hexagonal  bolt  whose 
spiral  conforms  to  the  twist  of  the  bore  and  is  desti- 
tute of  knobs  and  used  without  a  sabot.  The  de- 
vice for  breech-loading  differs  from  that  of  Arm- 
strong. 

Krupp's  first  steel  cannon  (1849)  were  objected 
to  on  account  of  their  novelty  and  expense.  He 
has  since  furnished  cannon  to  Asia  as  well  as 
Europe.  He  has  used  a  mixture  of  steel  and  iron, 
the  latter  metal  increasing  the  elasticity. 

The  compound  was  cast  in  plumbago  crucibles, 
and  forged  while  still  at  a  red  heat  under  an  enor- 
mous steam-hammer,  compressing  the  mass  two  or 
three  per  cent,  and  nearly  doubling  its  tensile 
strengtn.  Cannon  of  over  8-inch  bore  are  made  up 
of  several  concentric  rings  ;  those  of  a  smaller  size 
are  forged  solid. 

Krupp's  monster  gun,  at  the  Paris  Exposition  of 
1867  (see  illustration  on  opposite  page),  consists  of 
an  inner  tube  weighing  20  tons,  upon  which  are 
shrunk  cast-steel  rings,  forming  at  the  breech  a 
threefold  and  at  the  muzzle  a  twofold  layer  of 
metal ;  these  are  made  from  massive  ingots  without 
welding,  weighing  together  80  tons. 

The  total  weight  of  the  gun  is  50  tons  ;  caliber,  14 
in.  ;  total  length,  17^  ft.  ;  weight  of  solid  shot, 
1,212  pounds;  weight  of  shell,  1,080  pounds; 
charge  of  powder,  from  110  to  180  pounds.  A 
special  car  weighing  24  tons  was  constructed  for 
the  transportation  of  this  gun  to  Paris. 

The  gun  is  mounted  on  a  steel  carriage  weighing 
15  tons,  supported  on  a  center-pintle  chassis  weigh- 
ing25  tons. 

The  breech-loading  is  on  Krupp's  patent  plan. 
The  shot  or  shell  is  raised  by  a  block  and  fall,  and 
is  rolled  into  the  side  of  the  breech  through  an  aper- 
ture closed  by  a  slide. 

Though  many  breech-loading  guns  of  this  or 
similar  construction  were  employed  by  North  Ger- 
many during  the  late  Franco -Pnissian  war,  we 
know  of  none  at  all  approaching  it  in  size. 

Baron  Wahrendorff,  of  Sweden,  some  80  to  40 

Fig  1066. 


secured  by  a  transverse  breech  plug  and  wedge. 
Caralli's  rified  cannon  of  later  date  loaded  at  Uie 
breech  in  a  nearly  similar  way. 

The  Broadwell  breech-loading  cannon  has  a  sted 
wed^  or  breech-block  Ay  moving  horizontally  in  a 
mortise  B,  made  through  the  breech  of  the  piece  at 
right  angles  with  the  bore.     This  breech-blodc  is 


BroadtoeU^s  Breeek'BU>ck  {Detail  Vieiv). 

operated  by  means  of  a  partially  threaded  screw,  i?, 
located  in  its  rear  side,  which  finds  its  socket-thread 
in  the  gun  behind  it,  and  is  thus  locked  in  position 
at  the  moment  of  fire. 

One  half-turn  of  this  screw  is  suflicient  to  loosen 
the  block,  and  permit  it  to  be  easily  withdrawn  to 
the  position  for  loading  the  piece. 

The  gas-check  consists  in  a  peculiarly  curved 
steel  ring  d,  located  in  a  correspondingly  shaped 
chamber  in  the  bore  of  the  gun  immediately  in 
front  of  the  breech-block.  "Wlien  the  charge  is  fired, 
this  ring  is  expanded  by  the  gases  ana  pressed 
tightly  against  the  walls  of  its  chamber  and  also 
agi^nst  a  steel  bearing  plate,  Z>,  let  into  the  face  of 
the  breech-block,  thus  forming  a  perfectly  tight  gas- 
check. 

Fig.  1068 


Broadw^s  Btetteh-Lomdmg  Gun. 

years  ago,  contrived  a  breech-loading  cannon,  in 
which  the  bore  extended  the  whole  length  of  the 
piece,  the  projectile  being  passed  in  at  the  rear  and 


Afmawtents  tfE^ak  Trvn-Clmds. 
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The  arroameDts  of  the  British  iron-clads  are  of 
heavier  and  heavier  guns  as  years  go  by.  The  an- 
nexed figure  gives  a  comparison  of  the  relative  pro- 
portions and  weights  of  the  guns :  A,  **  War- 
rior's "  armament,  —  68-pounder ;  4 j-ton  gun. 
charge,  16  pounds.  B,  **  Bellerophon's  "  armament, 
—  250-pounder;  12-ton  gun;  charge,  43  pounds. 
C,  "Hercules's"  armament,  — 400-pounder;  18- ton 
gun  ;  chai*ge,  60  pounds.  /?,  ** Monarch's"  arma- 
ment;  — .  600-pounder ;  25-ton  gun  ;  charge,  70 
pounds.  JB?,  "Thunderer's"  armament, — 600- 
pounder  ;  30-ton  gun  ;  cliarge,  100  pounds. 

These  figures  are  exceeded  by  the  latest  English 
gun  (the  35-ton),  which  is  by  no  means,  however, 
what  it  is  paraded  as  being,  —  the  largest  gun  in  the 
world. 

Pounds. 
Woolwich,  35  tons  7  cwt.  (English  count)  =  79,084 
Armstrong  (Big  Will)  ....  60,400 
Krupp,  14-inch  (1,080-pounder)  .  .  100,000 
Rodman,  smooth-bore  (20-inch)  .         .  116,497 

The  "Thunderer,"  4,400  tons,  and  the  "Fury," 
6,000  tons  burden,  are  designed  each  to  carry  four  of 
these  35-ton  guns,  in  two  turrets,  two  guns  being 
placed  in  a  turret  side  by  side. 

Among  the  earliest  cannon  made  in  Europe  were 
breech-loaders,  specimens  of  which  are  preserved  in 
the  Artillery  Museum  of  Woolwich,  England. 

The  charge  was  inserted  in  an  iron  cylinder,  which 
was  fixed  by  wedgesin  its  place  in  the  breech  of  thegun. 

Breech-loading  cannon  were  introduced  by  Daniel 
Spekle,  who  died  in  1589,  and  by  Uffanus. 

Cannon  of  ice  were  made  at  St.  Petersburg  in 
1740,  and  repeatedly  fired, —  a  whim. 

All  the  nfled  cannon  in  the  British  service  of 
less  than  6.3-inch  caliber  are  breech-loaders. 

At  the  siege  of  Badjyoz,  the  firing  was  continued 
for  104  hours,  and  the  number  of  rounds  fired  from 
each  24-pounder  iron  gun  avei-aged  1,249 ;  at  the 
siege  of  »t.  Sebastian  each  piece  was  fired  about  350 
times  in  154  hours.  But  few  of  these  pieces  were 
rendered  unserviceable ;  but  it  is  estimated  that 
three  times  the  number  of  brass  guns  would  have 
been  required  to  produce  the  same  effect,  or  main- 
tain sucn  long  and  rapid  firing. 

An  experimental  Armstrong  32-pounder,  weigh- 
ing 26  cwt,  with  a  charge  of  6  pounds  and  an  ele- 
vation of  33**,  sent  its  projectile  9,153  yards.  The 
range  was  «irefully  measured.  Mr.  Whitworth 
states  that  his  little  3-pounder,  fired  at  Southport, 
attained  a  range  of  9,688  yards.  The  long  experi- 
mental 7-inch  gun  of  six  tons,  designed  by  Mr. 
Lynall  Thomas,  with  25  pounds  of  powder,  propel- 
ling a  shot  of  175  pounds,  and  fired  with  an  eleva- 
tion of  87i^  ranged  10,075  yards.  There  have 
been  several  other  instances  of  long  ranges,  and 
there  would  be  more  but  for  the  ^neral  uselessness 
of  firing  at  distances  where  no  aim  can  possibly  be 
taken. 

The  accelerating  principle  has  been  again  and 
again  suggested,  and  consists  in  increasing  the 
velocity  ofthe  projectile  by  the  ignition  of  successive 
chaiges  of  powder  during  the  passage  of  the  ball 
through  the  bore.  Henry  Bessemer,  and  Captain 
Fitzmaurice  of  the  British  navy,  are  yet  inventing 
and  confident.  The  former  designs  a  tube  60  feet 
long,  with  chai^  60  in  number,  fired  by  electricity 
in  quick  succession,  so  that  each  may  exert  its  force 
before  the  ball  escapes  at  the  muzzle. 

Moncreiif's  plan  for  mounting  ordnance  is  to 
make  the  recoil  of  the  gun  in  finng  swing  the  gun 
backward  and  downwara,  so  as  to  depress  it  below 
the  sill  of  the  embrasure  and  allow  the  gunners  to 
load  it  without  exposure  to  the  enemy. 


Various  modes  of  mounting  and  operating  guns 
have  been  devised  for  monitor  and  turret  use,  for 
which  consult  patents  of  Eads  and  Ericsson.  Very 
ingenious  indeed  are  many  of  these  devices. 

2.  (Machvuery,)  A  metallic  hub  or  sleeve,  fitted 
to  revolve  on  a  shaft  or  with  it. 

Can'non-balL  Properly  speaking,  this  term 
should  only  be  applied  to  spherical  solid  projectiles ; 
but  it  appears  to  have  become  generic,  extending  to 
elongatecf  bullets  for  rifled  guns,  and  even  to  hoUow 
prmectiles. 

Technically,  balls  are  termed  solid  shot,  or  simply 
shot,  to  distinguish  them  from  hollow  projectiles. 
They  ai-e  now  universally  made  of  cast-iron,  though 
stone  was  formerly  employed,  and  was  used  in  some 
instances  by  the  Turks  as  late  as  1827. 

In  South  America  balls  of  copper  were  formerly 
used,  this  metal  being  there,  at  that  period,  cheaper 
than  iron. 

The  Foedera  mentions  an  order  of  Henry  V.,  A.  D. 
1418,  to  the  clerk  of  the  works  of  his  ordnance,  for 
making  7,000  stone  balls  for  his  cannon,  of  different 
sizes,  from  the  Quarries  of  Maidstone,  in  Kent 
Although  iron  balls  are  noticed  as  being  used  by 
the  French  towards  the  close  of  the  14th  century, 
yet  no  mention  is  made  of  them  in  English  history 
before  1550,  when,  in  an  acquittance  for  delivering 
up  the  ai-tillery  at  Boulogne,  they  are  styled  batUetz 
de  fer.  Stone  balls  were  not  entirely  laid  aside  in 
England  till  the  civil  war,  time  of  Charles  I. 

Elongated  bullets  for  rifled  cannon  are  now  ire- 
quently,  esjpecially  by  English  writers,  termed 
*•  bolts."  These  are  often  made  flat-pointed  or 
angularly  pointed,  to  more  readily  penetrate  iron 
plating.     (See  «i.  Fig.  1069). 

Shells  are  hollow  projectiles  in  which  is  placed  a 
quantity  of  powder  sufficient  to  burst  them  when 
exploded  by  means  of  a  fuse.    See  Fuse  ;  Shell. 

Case-shot  are  thinner  than  shells,  adapting  them 
to  contain  a  niunber  of  bullets,  which  are  scattered 
at  the  moment  of  bursting. 

All  projectiles  are  made  smaller  than  the  bore  of 
the  gun  which  they  are  intended  to  fit.  The  dif- 
ference between  their  diameter  and  that  of  the  bore 
of  the  gun  is  termed  the  windage.  This  is  much 
less  for  rifled  than  for  smooth-bore  arms,  the  former 
in  some  cases  amounting  to  .15,  and  the  latter 
usually  to  .025  of  an  inch. 

Of  the  class  adapted  for  rifled  guns,  those  most 
prominent  during  tne  late  civil  war  in  this  country 
were  the  Parrott,  Hotchkiss,  and  Shenkl.  See 
Shell. 

Projectiles  for  rifled  cannon  may  be  given  a  rotary 
motion  by  the  expansion  of  a  soft  metallic  sabot  at 
the  rear,  or  by  means  of  studs  cast  on  or  aflixMl  to 
the  shell.  The  former  by  their  expansion  at  the 
moment  of  firing  fill  the  grooves,  while  the  latter 
are  necessarily  compelled  to  follow  the  grooves, 
being  unable  to  leave  them  without  being  torn 
away. 

Fig.  1069  shows  a  few  of  the  numerous  kinds  of 
cannon-projectiles  which  have  been  devised. 

a,  the  "Hotchkiss."  At  the  moment  of  firing, 
the  wedge-shaped  piece,  shown  in  section,  is  driven 
forward,  expanding  a  soft  metal  ring  which  fills  the 
grooves. 

bbf  the  "James."  The  gas  passes  through  the 
aperture  at  the  back,  driving  out  a  number  of  pins, 
which  expand  a  fibrous  mass  surrounding  the  shot 
and  encircled  by  a  metallic  ring,  which  is  thus 
forced  to  enter  the  grooves.  In  the  second  thk  n 
effected  without  the  aid  of  pins. 

£  e  arc  vertical  and  longitiidinal  sectieis  of  a 
similar  projectile  having  a  detachable  point. 
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d,  **  Read."  The  gas  enters  throu«;h  holes  aronnd 
the  base,  and  expands  an  encircling  band. 

«,  **Shaler."  Driving  forward  the  metallic  cup 
at  the  base  flattens  it  and  expands  the  sabot. 

/,  "Cochran."  A  band  of  copper  wire  is  ex- 
panded by  forcing  forward  a  cup  at  the  base  of  the 
projectile,  against  a  cylinder  which  surrounds  the 
latter. 

g,  **  Boekel."  The  illustration  shows  the  annular 
8oft-metal  packing  being  attached  to  a  projectile  by 
a  swage  and  dies  while  me  point  is  held  on  an  anvil. 

h,  '*Atwater."  The  packing  of  wire  webbing  or 
cloth  is  expanded  by  wedges  driven  forward  by 
plungers  at  the  base  of  the  shot. 

t,  "Woodbury,"  a  spirally  grooved  projectile, 
with  a  sabot  similarly  grooved,  for  firing  from  a 
smooth-bore  gun. 

j,  "  Taggart,  "  has  a  spirally  flanged  central  aper- 
ture intended  to  cause  the  bullet  to  rotate  on  its 


Fig.  10®. 


CBomon-ProjeetiUt. 


axis  by  atmospheric  action  when  fired  from  a 
smooth-bore  gun. 

k,  "Sigoumey,"  has  projecting  spiral  ribs  to 
take  the  grooves  and  impart  rotary  motion,  and 
annular  belts  which  fit  tne  lands  and  direct  the 
flight. 

2,  the  "  Currie  "  ball,  conoidal  at  each  end,  and 
having  an  annular  groove  deepening  from  front  to 
rear,  into  which  is  cast  a  soft-metal  packing-ring. 

m,  a  "bolt"  with  chisel-edged  points  for  cutting 
through  iron  plating.  The  annular  groove  between 
the  cutting-edges  and  the  point  is  filled  with  soft 
metal,  to  prevent  retardation  of  the  flight. 

n,  an  elongated  bullet  with  spiral  flanges  for  im- 
parting rotary  motion  when  fired  from  a  smooth- 
bore gun.  It  will  be  obvious  to  practical  men  that 
some  of  the  last  projectiles  figured  would  be  of  little 
service. 

0,  an  "accelerating"  projectile.  This  bullet  has 
in  front  a  plunger,  which,  on  striking  an  object,  ex- 
plodes, by  percussion,  a  chai^  contained  in  a 
chamber,  ^ving  a  new  impetus  to  the  projectile. 

For  varieties  of  cannon-shot,  see  under  the  follow- 
ing heads :  — 


Angel-ihot. 

Bar-shot 

Bolt. 

Bomb. 

Burrel. 

Canister. 

Carcass. 

Case-shot. 

Chain-shot. 

Cross-bar  shot. 

Double-headed  shot. 

Grape-shot. 

See  also  Projectilis,  for  list  of  other  missiles 
impelled  by  dischai^  firom  cannon. 

See  also  Weapons. 

Fiff.  1070  gives  an  idea  of  the  proportionate  mag- 
nitudes of  some  of  the  projectiles  of  celebrated  can- 

Fig.  1070. 


Langrel. 

Naifshot. 

Round  shot. 

Sand-shot. 

Segment-shelL 

Shell. 

Shrapnel. 

Spherical  case-shot. 

Sub-caliber  shot 

Tier-shot. 

Trundle-shot. 


®G^ 


I  ^  J)  I   w  D  I    w.^ 


.o  .©  .©  iD 

OcMnon-BaUs, 

non.  The  diameters  and  weights  are  inscribed  in 
figures ;  the  upper  fijpre  being  the  bore,  the  lower 
figure  the  weight,  of  the  shot.  (The  badls  ati^ixk 
the  figure,  are  of  stone.) 

For  description  of  the  cannon  themselves,  see 
Cannon. 

In  Fig.  1070,  a  is  the  stone  projectile  of  Tsar- 
Pooachka  (Muscovite). 

b  shows  seven  sizes  of  the  Turkish  granite  balls  of 
Scutari,  weighing  respectively  873,  498,  747,  810, 
871,  1,182,  and  1,^40  pounds. 

c  is  the  basalt  ball  or  MdUk-y-mydan  (Indian). 

d  is  the  granite  ball  of  the  great  gun  of  Moham* 
med  II. 

0,  the  stone  ball  of  DuUe-QruU  (Flemish). 

/,  stone  ball  of  Dhoot-Dhanee  (East  Indian). 

g,  stone  ball  of  Mans  Meg  (Scotch). 

A,  granite  ball  of  MickdetU  le  OratuL 

i,  granite  ball  of  MicheUUe  le  Petite. 

j,  Mallet's  iron  bomb  (£n|y;lish). 

ktos,  English  elongated  iron  projectiles. 

t,  68-pound  ball  (1841). 

u,  Liege,  French,  1,000-pound  ball  (1832). 

V,  "  Beelzebub  "  and  "Puiitan,"  American,  1,100- 
pound  ball  (1866). 

to,  Rodman,  American,  450-pound  ball  (1866). 
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Can'non-oasf  ing.  The  molds  for  brass  cannon 
are  formed  b^  wrapping  a  long  taper  rod  of  wood 
with  a  peculiar  soft  rope,  over  which  is  applied  a 
coating  of  loam,  which,  as  the  work  proceeds,  is  dried 
over  a  lonff  fire,  a  templet  being  applied  to  form  the 
proper  outline.  This  model  is  made  about  one  third 
longer  than  the  gun  is  to  be.  It  is  next,  when  dry, 
blackwashed,  and  covered  with  a  shell  of  loam  not 
less  than  three  inches  thick,  secured  by  iron  bands, 
which  is  also  carefully  dried.  The  model  is  next  re- 
moved by  withdrawing  the  taper  rod  and  the  rope, 
and  extracting  the  pieces  of  loam.  The  parts  Tor 
the  cascabel  and  trunnions  are  formed  upon  wooden 
models,  and  then  attached  to  the  exterior  of  the  shell ; 
handles,  dolphins,  or  ornamental  figures,  are  modeled 
in  wax,  and  placed  on  the  clay  model  previous  to 
molding  the  shell,  from  which  they  are  melted  out 
before  casting. 

When  dry,  the  shells  are  placed  muzzle  upward  in 
a  pit  in  front  of  the  fiimace  or  furnaces,  and  the 
earth  thrown  in  and  well  rammed  around  them.  At 
the  same  tijne,  a  vertical  nmner,  which  enters  the 
mold  near  the  bottom,  or  not  higher  than  the  trun- 
nions, is  made  for  each  mold,  terminating  in  a  trough 
or  gutter,  at  the  far  end  of  which  is  a  square  hole  to 
receive  any  excess  of  metal.  The  runners  are  stopped 
by  iron  bars,  which  are  successively  withdrawn  as 
the  preceding  mold  in  order  becomes  filled,  and  the 
furnace  or  furnaces  are  tapped  by  an  iron  bar  with  a 
taper  «nd,  so  as  to  regulate  the  flow  of  metal,  by 
making  a  larger  or  smaller  orifice,  as  required.  A 
spade  or  gate  across  the  gutter  at  a  certain  point 
prevents  the  metal  from  flowing  beyond  this  till  the 
molds  towards  that  end  are  fuled,  and  when  the 
last  is  removed  the  metal  is  allowed  to  flow  into  the 
square  pit  before  referred  to. 

The  general  process  with  iron  cannon  is  very  simi- 
lar. In  all  such  large  castings  a  lai*ge  head  or  sprue 
must  be  allowed  to  maintain  a  pressure  adequate  to 
produce  a  sufficient  solidification  at  the  breech,  where 
the  metal  should  be  strongest. 

In  casting  the  first  20-inch  gun  at  Fort  Pitt  Foun- 
dry, in  1864,  the  mold  was  in  four  pieces  ;  the  core 
was  on  the  Rodman  plan,  a  fluted  cylinder  of  cast- 
iron,  circular  or  semi-elliptical  at  the  lower  end, 
and  closed  at  top  by  a  cap  through  which  a  pipe 
enters,  conducting  water  to  the  bottom,  from  which  it 
rises  to  near  the  top,  and  is  carried  off  by  a  waste-pipe. 

Five  furnaces,  chai^d  in  all  with  105  tons  of 
metal,  were  employed,  —  two  containing  23  tons,  one 
39,  and  the  two  smaller  between  5  and  10  tons  each. 
The  molten  metal  was  admitted  to  the  bottom  of  the 
mold  through  two  gates,  one  on  each  side.  Six  hours 
were  required  for  its  complete  fusion,  which  was 
maintained  for  one  hour  twentv-four  minutes,  when 
the  large  furnaces  were  tapped,  filling  the  mold  in 
twenty-two  minutes.  So  long  as  a  constant  flow  of 
water  was  admitted  to  the  core,  the  temperature  of 
that  issuing  from  the  discharge-pipe  did  not  exceed 
92"  F.,  falling  within  twenty-one  hours  to  57*' ;  but 
when  the  flow  was  stopped,  the  temperature  rose  to 
the  boiling-point.     (See  paj^  447.) 

Can'non-dock.  A  cannon  with  a  burning-glass 
over  the  vent,  so  as  to  fire  the  priming  when  the 
sun  reaches  the  meridian.  Such  pieces  were  placed 
in  the  Palais  Royal  and  in  the  Luxembourg,  at 
Paris. 

Can'non-lock.  A  contrivance  placed  over  the 
touch -hole  of  a  cannon  to  explode  the  charge. 

Can'non-mef  al.  An  alloy  of  copper  and  tin. 
See  Gun- METAL  ;  Alloy. 

Can'non-pinlon.  (HoTolo^y.)  A  squared  tu- 
bular piece,  placed  on  the  arbor  of  the  center- wheel, 
and  adapted  to  hold  the  minute-hand. 


Can'non-roy'aL    An  old  grade  of  service-can- 
non, 8A  inches  bore,  66-poander.    A  carthoun, 
CairnonHitove.    A 

cast-iron    stove,    some-  fig.  1071. 

what  cannon  -  shaped, 
the  lower  portion,  or 
bosh,  forming  the  fire- 
pot  and  the  upper  a  ra- 
diating surface.  It  has 
no  flues  proper,  but  the 
stove-pipe  stands  upon 
the  top,  encircling  the 
thimble.  The  door  is 
above  the  level  of  the 
usual  level  of  the  coals, 
and  the  middle  zone  of 
the  stove  may  have,  as 
in  the  example,  doors 
and  panes  of  mica. 

Can'nu-la.     (Surgi-  * 
ccU.)    A  small  tube  in- 
troduced by  means  of  a  - 
stilette  into  a  cavity  or  Qmnon^Stove. 

tumor,  to  withdraw  a  fluid. 

Ca-noe'.  A  light  boat,  narrow  in  the  beam  and 
adapted  to  be  paddled. 

The  coracle  of  the  ancient  Britons  was  a  frame  of 
willow  covered  with  hides.  The  North  American 
Indian  made  his  canoe  of  cedar-wood  covered  with 
an  unbroken  sheet  of  the  bark  of  the  white  birch. 
The  Indians  of  the  plains  used  buffalo-hide.  In 
the  wooded  regions  devoid  of  birch  the  canoe  was  a 
shaped  and  hollowed  log. 

The  Rob  Roy.canoe/so  celebrated  from  the  ad- 
ventures of  Mr.  Macgregor  in  traveling  3,000  miles 
on  the  navigable  streams  and  head -waters  of  Europe 
and  Asia,  was  made  of  well-seasoned  and  selected 
plank.  Such  a  canoe  is  13  feet  long,  26  inches  wide,  12 
inches  deep,  and  has  a  "comber  of  2  inches.  The 
opening  in  the  deck  in  which  the  voyager  places 
himself  is  4  feet  long  and  1  foot  8  inches  wide.  A 
canoe  for  two  persons,  sitting  face  to  face,  should  be 
about  two  thiras  lai^r. 

In  New  York,  the  form  and  construction  known 
as  the  nautilus  is  roost  approved,  it  is  made  of  wood, 
the  keel  being  oak  and  the  hull  of  cedar.  Abroad, 
there  are  several  types,  all  more  or  less  in  favor. 
Assuming  the  traveler  to  weigh  one  hundred  and 
sixty  pounds,  a  nautilus  should  have  a  length  of 
14  feet,  and  a  beam  of  2  feet  4  inches.  It  is  low- 
est amidships,  its  depth  there  being  12  inches,  ris- 
ing to  20  at  the  stem  and  22  at  the  bow.  In  each 
end  is  a  water-tight  compartment,  and  the  whole 
is  so  contrived  that  in  event  of  a  capsize  it  will 
right  itself  as  soon  as  relieved  of  its  burden.  It  is 
fitted  with  a  sprit-sail,  7  feet  from  tip  to  boom, 
and  is,  indeed,  calculated  more  for  sailing  than  pad- 
dling, while  the  reverse  is  the  case  with  most  of 
the  English  canoes. 

Appnances  and  means  are  carried  for  cooking, 
fishing,  hunting,  etc.  ;  and  in  supplying  these  minor 
conveniences  much  ingenuity  and  adaptiveness  has 
been  displayed.  An  apparatus  heated  by  a  spirit- 
lamp  serves  for  the  preparation  of  food.  Water- 
proof haversacks  carry  tea,  cofi*ee,  sugar,  rice,  and 
other  comestibles,  as  well  as  quinine  to  cure  the 
ague,  which  pursues  bipeds  without  feathers  who 
paddle  about  in  wet  places. 

Canoes  are  also  made  of  galvanized  iron,  caout- 
chouc, and  paper.  The  latter  comes  the  nearest  in 
lightness  to  Hiawatha's  :  — 

'*  Thus  the  Birch  Canoe  w.is  bullded 
In  the  valley,  by  the  river, 
In  the  boKun  of  the  forest ; 
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And  tbt  forest's  life  was  In  Ik, 
All  Its  mygtfery  and  Its  magic, 
All  th«  lightnets  of  ths  btreh-fetea, 
All  the  toughness  of  the  cedar. 
All  the  larch's  supple  sinews ; 
And  it  floated  on  the  river 
Like  a  yellow  leaf  In  autumn, 
Uke  a  yeUow  watei^lUy.'* 

The  canoes  of  the  Feejees  are  double,  of  unequal 
size  ;  the  smaller  serving  as  an  'outrigger.  Large 
ones  are  100  feet  in  length.     The  two  canoes  are 

Fig.  1072. 


0^=5==:^ 


Can'Opener. 


connected  by  a  platform  about  15  feet  wide,  and 
projectiDg  two  or  three  feet  beyond  the  sides.  The 
Dottom  of  each  copsists  of  a  single  plank ;  the  sides 
are  fitted  by  dovetailing,  and  closely  united  by  lash- 
ings passed  through  flanges  left  on  each  of  the  pieces. 
The  joints  are  closed  by  the  gum  of  the  bread-fruit 
tree.  The  sails  are  large,  and  made  of  mats.  The 
mast  is  about  half  the  length  of  the  canoe,  and  the 
yard  and  boom  are  still  longer.  Captain  Cook  esti- 
mated the  naval  force  of  the  Society  Islands  at  1,700 
war-canoes,  manned 
by  68,000  men.  See 
Boat,  pp.  311,  812. 

Can'on.  1.  {Sur- 
gical.) An  instru- 
ment used  in  sewing 
up  wounds. 

2.  (Frinting,)  A 
lai^  type,  used  for 
posters  and  handbills. 

9.  The  part  of  a 
bell  by  which  it  is 
suspended.  Other- 
wise called  the  ear. 

Can'on-bit  The 
barrel  of  a  bit ;  the 
portion  in  the  mouth  <; 
of  a  horse. 

Can-o'pen-er.  A 
domestic  implement 
for  opening  cans  con- 
taining fruit,  oys- 
ters, and  what  not 
The  illustration  shows 
several  forms. 

a  has  a  prong  which 
is  thrust  through  the 
tin.  and  forms  a  ful- 
crum for  the  cutter.  • 

b  is  designed  to  bore 
a  round  hole. 


c  is  a  lever-arrangement  to  pry  up  the  lid  of  a  can 
which  is  held  down  by  the  pressure  of  the  atmos- 
phere. 

d  e,  like  a,  have  points  which  form  fulcrums  or 
centers  of  oscillation  for  the  cutters. 

Can'o-py.  {Architecture.)  A  covering  or  hood, 
the  enriched  projecting  head  to  a  niche  or  tabernacle. 
The  tablet  or  drip-stone,  whether  straight  or  circu- 
lar, over  the  heads  of  doors  or  windows,  if  enriched, 
is  so  called. 

Can-rov'ing  Ma-chine'.  {Cotton'manu/adure.) 
In  this  machine  the  slivers  from  the  cans  e  e  are 
drawn  through  the  rollers  a  b  c^  tlie  proper  pressure 
being  maintained  by  a  weight  d,  and  the  consoli- 
dated slivers  delivered  into  the  can  g,  fixed  to  a 


Fig.  107a 


pivot  at  the  bottom, 
and  supported  at 
the  neck  /,  while  it 
is  made  to  revolve 
by  a  strap  passing 
round   the  pulleys  " 

n  and  h.  This  ro- 
tary motion  sives 
the  sliver  a  slight 
twist,  which  con- 
stitutes it  a  roving, 
as  it  passes  in,  and 
coils  it  up  in  the 
can  in  a  regular 
manner. 

When  the  can  is 
full,  it  is  opened, 

the    roving    taken  A«.»«w«r  Miii-w-^ 

out  and  transported  Om-Rin^  Mar*tiu. 

to  a  roving-machine,  where  it  is  wound  upon  reels 
ready  for  spinning. 

Can-Bol'der-mg  Ma-chine'.  In  this  apparatus 
a  clutch  on  the  end  of  a  shaft  having  a  bevel-wheel 
gearing,  with  the  bevel-wheels  tumea  by  the  central 
pulley,  is  placed  at  either  end  of  the  frame,  enabling 
two  workmen  to  operate  at  once.  Beneath  eacn 
clutch  is  a  bracket  for  receiving  a  soldering-for- 
nace.     A  can,  with  its  bottom  or  top  inserted,  is 
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Om-Soldtring  BIbukim. 
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fixed  upon  the  clutch,  the  treadle  being  depressed 
to  throw  the  bevels  out  of  gear,  and  withdraw  the 
clutch  from  the  surface  of  the  metal  in  the  soldering- 
furnaces ;  releasing  the  treadle,  the  bevels  are  thrown 
into  gear,  and  a  spring  forces  the  rod  bearing  the 
clutch  downward,  until  the  lower  edge  of  the  can  is 
slightly  immei-sed  in  the  molten  solder,  and  caused 
to  rotate  against  the  surface  of  a  soldering-iron  held 
therein,  after  which  the  treadle  is  again  depressed 
and  the  can  removed. 

Cant.  An  angle  ;  a  bevel ;  a  chamfer  ;  a  slope  ; 
an  arris  ;  a  hip  ;  a  ridge. 

1.  (Building.)  a.  A  canted  wall  is  one  which 
forms  an  angle  A^ith  the  face  of  another  wall. 

b.  A  canted  column  is  one  whose  flutes  are  formed 
in  cants  instead  of  curves. 

c.  When  the  angles  are  removed  or  absent  from  a 
post,  beam,  or  pillar,  it  is  said  to  be  canted. 

d.  A  canted  molding  is  one  which  has  angular 
turns,  but  no  quirks  or  circular  work.  Sec  Mold- 
ing. 

2.  (Coopering.)  One  of  the  segments  forming  a 
side  piece  in  the  head  of  a  cask. 

8.  (Nautical.)  A  piece  of  wood  laid  upon  the 
deck  of  a  vessel,  to  support  the  btUkheads. 

4.  (Shipbuilding.)  A  cant -timber  or  cant-frame  is 
one  which  is  not  square  with  the  keel ;  less  than 
90'. 

5.  The  angle,  as  of  the  head  of  a  bolt.  A  bolt 
with  a  hexagonal  or  octagonal  head  is  said  to  be  six 
or  eight  caiitcd. 

'A  segment  of  the  rim  of  a  wooden 


{Fabric.)      A   species  of  woolen 


6.  (Gearing.) 
cog-wheel. 

Can'ta-lon'. 
stuff. 

Cant-block.  (NatUicaL)  A  large  block  used  in 
canting  whales  ;  that  is,  turning  them  over  in  flens- 
ing. The  ca7i/-purchase  is  suspended  from  the  main- 
mast head. 

Cant-board.  A  division  in  the  conveyer-box  of 
a  flour-bolt,  to  separate  grades  of  flour  or  offal. 

Cant-ohia'eL  A  long  and  strong  chisel  with  the 
basil  and  a  rib  on  one  side. 

Canfed.  A  term  applied  to  an  object  when  a 
comer  is  chamfered  off,  —  not  rounded  off,  but  pre- 
senting angles.     See  Cant. 

Cant-^alL  (Nautical.)  The  purchase  used  in 
turning  over  the  carcass  of  a  whale  when  flensing. 

Cant-file;  A  file  having  the  shape  of  an  obtuse- 
angled  triangle  in  its  transverse  section  ;  used  in 
filing  the  inner  angles  of  spanners  and  wrenches  for 
bolts  with  hexagonal  and  octagonal  heads. 

Kant  is  an  edge  or  comer  in  many  of  the  old  dia- 
lects of  Europe,  and  the  Greek  xayddif  the  comer  of 
the  eye,  has  an  allied  signification. 
Cant-hook.  A  lever  and  suspended  hook  adapt- 
ed for  turning  logs  in  the 
yard,  on  the  skids,  or  on 
'  the  saw-mill  carriage. 

Also,  a  sling  with  hooks 
for  I'aising  and  tilting  casks, 
to  empty  them. 

Can'tlck-quoln.  (Nau- 
tical.)    A  triangular  block 
of  wood,  used  in  chocking  a 
cask,  to  keep  it  fVom  rolling 
when  stowed. 
CBUiti-Jlev'er.    One  of  a  series  of  timbers,  of  the 
nature  of  consoles,  projecting  from   the   face   of  a 
wall  to  sustain  an  eave,  comice,  entablature,  or  bal- 
.cony.     A  modillon. 

Cant'ing-wheeL  A  star-wheel  for  an  endless 
chain.  The  cogs  are  canted  ;  that  is,  the  comers 
cut  off.     See  Star-whefx. 
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Can'tle.  (Saddlery.)  The  upwardly  projecting^ 
portion  at  the  rear  part  of  a  saddle.     See  Pommbl. 

CantliHg.  (Briek-ntuking.)  The  lower  of  two 
courses  of  bumed  brick  which  inclose  a  hrick-clamp. 

Cant-molding.  One  neither  perpendicular  U> 
the  horizon,  nor  to  .the  plane  of  the  object  to  which 
it  is  attached. 

Can'ton.  (Building.)  A  salient  comer  formed* 
of  a  pilaster  or  quoins,  which  project  beyond  the 
general  faces  of  the  walls. 

Can'ton-flan'neL  (Fabric.)  Cotton  cloth  upon 
which  a  nap  is  raised  in  imitation  of  wool. 

Can-toon'.  (Fabric.)  A  strong  cotton  goods, 
with  a  corde<l  surface  on  one  side  and  a  satiny  finish 
on  the  other. 

Cant-timber.  (Shipbuilding).  One  of  the  tim- 
bers at  the  end  of  a  ship  which  are  canted,  that  is, 
rise  obliquely  from  the  keel.  The  forwaixl  pair  of 
cant-timbers  are  called  the  knightheads^  and  form  a 
bed  for  the  reception  of  the  bowsprit.  The  cant- 
timbers  towards  the  stem  incline  forward ;  those 
towards  the  stem  incline  aft. 

A  cant  is  an  angle,  and  the  timbers  in  the  narrow 
interior  angles  at  the  stem  and  stem  are  called  cant- 
timbers. 

The  timber  at  the  extreme  angle  is  built  in  solid, 
and  is  called  the  dead-wood. 

Can'vas.  (Fabric. )  From  cannabis,  hemp.  An 
unbleached,  heavy  cloth  of  hemp  or  flax,  used  for 
sails,  tents,  backing  for  pictures,  bed-bottoms,  a»^ 
for  other  purposes  where  a  fabric  of  great  stability  ift 
required. 

An  open  variety  is  used  for  tambour  afid  worsted 
work. 

Canvas  for  sails  is  made  from  18  to  24  incbe» 
wide,  and  numbered  from  0  to  8,  No.  0  being  the 
thickest.  A  bolt  is  from  89  to  40  yards  long.  The 
best  is  made  of  long-fibred  flax. 

Bolts  of  canvas  weigh  from  25  to  48  pounds,  and 
strips  1  inch  wide  have  a  tenacity  varying  from  296 
to  480  pounds. 

Can'vas-oufter.  A  machine  for  cutting  can- 
vas,   card-board,    and   other   sheet   materials   into 
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strip* ;  the  stuff  is  fed  between  rollers  D  7),  guided 
by  a  strip  Q,  and  slit  by  a  kuife  L,  which  is  ad^ 
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justed  to  sach  distance  from  the  latter  as  may  be 
desired. 

Can'Tas-frame.  (Oaliahprinting,)  A  diaphragm 
of  canvas  in  a  paint-vat  used  in  a  certain  process  of 
calico-printing.  The  color  is  admitted  by  a  stop- 
cock below,  and  up  to  the  level  of  the  canvas. 

Can'vas-atretoh'er.  A  qnaorilateral  frame  on 
which  canvas  is  extended  for  painters'  uses.     In  the 
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one  shown,  the  miter-joints  have  dowel-pins,  and 
are  expanded  by  the  wedges,  the  pins  in  the  open 
center  of  the  latter  preventing  their  falling  out. 

Caoufcdioac.  Commonlv  called  gum-elastic  or 
india-rubber.  A  substance  derived  from  the  sap  of 
various  trees,  of  wliich  the  Jatropha  ekuiica,  called 
by  the  natives  hevee,  flourishing  in  the  plains  of 
Brazil,  toward  the  lower  part  of  the  Amazon  River, 
is  the  principal  source  of  production.  It  was  first 
brought  to  Europe  in  the  early  part  of  the  eighteenth 
century,  and  fifty  years  later  was  mentioned  by  Dr. 
Priestly  as  a  substance  excellently  adapted  for  re- 
moving }>encll-marks  from  paper.  Crumb  of  bread 
had  previously  been  employed  for  this  purpose. 

The  sap,  obtained  by  tapping  the  trees,  is  dried 
over  a  fire,  which  gives  it  tne  dark  appearance  ob- 
servable in  the  rubber  of  commerce.  For  many 
vears  its  various  adaptabilities  seemed  unperceivect, 
but  in  1791  Samuel  Peal  obtained  a  patent  for 
water-proofing  fabrics  by  means  of  this  gum  dis- 
solved in  spirits  of  turpentine ;  though  uiis  does 
not  seem  to  have  led  to  any  practical  results.  Be- 
sides turpentine,  ether,  bisulphide  of  carbon, 
naphtha,  some  of  the  volatile  oils,  and  especially 
benzole,  are  its  best  solvents.  Acids  and  alkalies 
exert  but  little  influence  upon  it. 

Hancock,  1823,  and  Mackintosh,  were  the  first 
who  really  applied  this  gum  to  its  present  uses. 
Their  original  processes  consisted  in  applying  it,  dis- 
solved in  some  of  the  fluids  before  mentioned,  to  the 
surface  of  a  web  of  cloth ;  this  might  be  doubled, 
constituting  a  perfectlv  waterproof  garment ;  but  a 
mass  of  sucn  laid  together  became  almost  inseparable 
in  warm  weather,  compelling  seamen  and  others 
much  exposed  to  wet  under  the  tropics  to  prefer  the 
old-fashioned  oil-cloth  ovprcoat  to  the  **  Mackin- 
tosh." This  was  remedied  by  the  vulcanizing  pro- 
cess discovered  by  Goodyear. 

The  modes  of  manufacturo  up  to  a  certain  point 
of  the  manufacture  under  the  old,  or  non-vulcaniz- 
ing, and  the  present,  or  vulcanizing,  processes,  are 
Tery  similar.  The  mass  of  rubber  bottles,  blocks,  or 
stripe,  were  formerly  compacted  under  a  hydrostatic 
ptein,  and  afterward  cut  by  knives,  operated  by  ma- 
chinery, into  sheets  and    strips   as  required.     For 


forming  elastic  or  corrugated  goods  the  rubber 
threads  were  passed  between  rolls  and  kept  at  their 
full  tension  during  this  process,  stretching  them  to 
several  times  their  natural  length ;  this  caused  them, 
when  cold,  to  lose  their  elasticity.  They  were  then, 
either  naked,  or  covered  with  fine  thread  of  silk  or 
cotton,  used  as  the  warp  or  weft  threads  for  the 
material  to  be  fabricated,  and  when  this  was  woven- 
their  elasticity  was  restored  by  passing  a  hot  iron 
over  the  goods.    Vulcanizing  obviates  this  necessity. 

In  the  present  state  of  the  art,  the  material  is  first 
cleansed  by  extracting  the  leaves,  bark,  dirt,  and 
other  foreign  substances,  as  far  as  can  be  done  by 
hand,  and  cut  into  strips  by  a  revolving  knife,  and 
then  transferred  to  large  fluted  iron  rollero  termed 
''crackers,"  which  nind  out  most  of  the  extraneous 
materials.  From  the  crackers  it  is  taken  to  the 
washing-machine,  a  large  vat  where  it  is  cut  into 
small  pieces  by  knives,  and  where  it  undei^goes  a 
kneading  and  washing  process  which  removes  the 
remaining  dirt  and  foreign  matters.  It  is  next 
transferred  to  a  pending-machine,  composed  of  laige 
hollow  iron  cylinders  revolving  in  opposite  direc- 
tions, where  the  small  pieces  formed  by  the  washing- 
machine  are  kneaded  into  a  homogeneous  mass,  and 
is  then  left  to  dry.  When  suflBciently  dried,  — which 
takes,  perhaps,  several  months,  — the  rubb^  is  trans- 
ferred to  the  mixing-machine,  in  which  it  passes 
between  hollow  iron  cylinders,  heated  by  steam 
through  their  axes  to  a  regulated  temperature,  where 
it  is  &rther  ground  and  more  thoroughly  incoi-po- 
rated.  The  vulcanizing  ingredients  are  added  at 
this  stage  of  the  process. 

These  may  be  varied  to  suit  the  caprice  of  the 
manufacturer,  or  to  adapt  the  material  more  particu- 
larly to  special  uses.  The  combination,  through 
the  influence  of  heat,  of  sulphur  with  the  gum,  gives 
it  the  peculiar  properties  acquired  by  vulcanization, 
though  other  ingredients  are  largely  added. 

Charles  Goodyear  in  his  original  patent  preferred 
5  parts  sulphur  and  7  white  lead  to  25  caoutchouc 
The  particular  proportions  of  these  and*  other 
articles  are,  however,  we  believe,  generally  preserved 
as  secrets  among  i-ubber-manufacturers,  ea^  having 
special  formulas  of  his  own.  ' 

Vulcanized  rubber  is  unalterable  at  a  moderate 
heat,  has  not  the  sticky  tendency  before  referred  to, 
and,  when  cut  into  threads  for  elastic  goods,  does 
not  require  to  be  subjected  to  a  reheating  process. 
This  article  may  be  and  has  been  rendered  as  nard  as 
horn,  and  used  for  combs,  knife-handles,  and  even 
rolled  into  thin  sheets  and  employed  as  a  substitute 
for  paper. 

Tne  substance  called  ebonite,  invented  by  Mr. 
Charles  Goodyear,  who  devoted  his  whole  life  to  the 
development  of  the  capabilities  of  caoutchouc,  con- 
tains rrom  30  to  60  per  cent  of  sulphur,  and  has 
various  other  ingredients,  as  shellac,  gntta-pereha, 
chalk,  barytes,  pipe-clay,  or  white  vitriol,  addea  there- 
to. It  is  used  for  knife-handles,  combs,  and  orna- 
mental articles,  being  very  hard  and  susceptible  of  a 
high  polish.  £qual  parts  of  gutta-pereha  and  caout- 
chouc combined  with  sulphur  form  a  compound  re- 
sembling horn,  and  which  may  be  used  for  the  same 
purposes.  Sometimes  gypsum,  resin,  or  white-lead, 
are  added  to  this.  See  Ivory,  Artificial  ;  Habd- 
RUBBER ;  Pyroxyline  ;  Vulcanite. 

Caoutchouc,  exposed  to  a  heat  of  600*  F.  in  a 
close  vessel,  yields  an  oily  liquid  which  lA  an  excel- 
lent solvent  of  the  gum  itself. 

A  very  tenacious  glue  is  formed  by  dissolving  the 
gum  in  coal-tar  naphtha,  and  evaporating  the  mix-, 
ture  to  the  consistency  of  cream,  and  adding,  when 
heated,  twice  its  weight  of  shellac.     For  use,  the 
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glue  is  heated  to  a  temperature  slightly  above  that 
of  boiling  water.     This  is  known  as  ^narine  glue. 

Cap.  1.  ( Wear.)  A  cover  for  the  head,  with  or 
without  a  visor,  but  without  a  brim. 

In  early  times  people  went  bareheaded.  An  Eng- 
lish law  of  1571  commanded  all  persons  except  gen- 
tlefolks and  officials  to  wear  a  woolen  cap. 

The  Romans  long  went  without  any  covering  for 
the  head,  and  ancient  statues  are  bareheaded.  Caps 
were  once  a  symbol  of  liberty,  and  manumission  of 
a  slave  was  conferred  by  the  ^t  of  a  cap.  The  gen- 
eral use  of  caps  is  referred  to  a.  d.  1449.  In  the 
reign  of  Henry  VII.,  hats  were  limited  in  price  to 
%0d.  and  caps  to  2  «.  8<;.,  A.  D.  1489  In  1571,  an 
act  of  Parliament  made  their  wear  compulsory,  ex- 
cept for  maids,  gentlefolks,  land  and  office  holders. 
See  Hat. 

2.  {Arehitectwre.)  a.  The  upper  member  of  a  col- 
umn or  pilaster.     A  capital ;  a  corona. 

b.  A  coping  of  a  wall  or  parapet. 

c.  A  cornice  above  a  door. 

d.  The  upper  member  of  a  molding. 

3.  (Carpentry.)  a.  The  lintel  of  a  door  or  win- 
dow-frame. 

b.  A  beam  joining  the  tops  of  a  row  of  posts  in  a 
frame.     A  plate. 

c.  The  hand-rail  of  a  stairs  or  balusti'ade. 

4.  (NatUical.)  a.  A  thick,  strong  block  of  wood 
with  a  round  and  a  square  hole  through  it,  used  to 
confine  together  the  head  of  one  mast  and  the  foot 
of  the  one  above  it ;  or  the  jib-boom  to  the  bow- 
sprit. 

In  smaller  craft,  a  lower  cap  receives  the  heel  of 
the  topmast,  and  acts  as  a  substitute  for  the  fid  and 
trestle-treea  used  in  vessels  of  a  laiger  description. 

b.  A  parceling  or  coveiing  at  the  end  of  a  rope. 

5.  (Ordnance.)  a.  A  sheet  of  lead  laid  over  the 
vent  of  a  cannon.     An  apron. 

b.  A  copper  capsule  containing  a  fulminate,  and 
placed  upon  the  nipple  to  explode  the  charge  on  the 
fall  of  the  hammer. 

6.  (Machinery.)  a.  The  upper  half  of  a  journal- 
box.  The  lower  half  is  the  pillow.  See  Pillow- 
block. 

(.  The  ifon-banded  piece  (Fig.  1078)  on  the  end 
of  a  wooden  pump-rod  or  pitman  by  which  it  is  con- 
nected with  a  working-beam. 

7.  (Civil  Engineering.)  The  horizontal  beam  con- 
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necting  the  heads  of   a  row  of  piles  of  a  timber 
bridge. 

8.  (MUlvjrighting.)  The  movable  upper  story  of 
a  windmill.     (Fig.  1079.) 

9.  (Bookbinding. )  The  covering  of  a  head-band 
or  the  envelope  of  a  book  while  binding. 

10.  (Horology.)  The  inner  case  which  covers  the 
movement  in  some  forms  of  watches.  It  is  now  nearly 
discontinued. 

11.  The  tire  of  lead  and  tin  on  the  periphery  of  a 
glazing-wheel. 

12.  A  size  of  paper.  .  Flat  cap  is  14  x  17  inches  ; 
double  cap  is  17  x  28  ;  foolscap  and  legal  cap  are  of 
various  sizes,  from  7^  x  12  to  the  size  of  a  flat  cap- 
sheet  folded  8^  X  14.  Foolscap  is  folded  on  the  long 
edge  ;  leeal  cap  on  the  top  or  short  edge. 

18.  A  little  capsule  containing  fulminate,  placed 
on  the  nipple  of  a  gun,  and  exploded  by  the  fall 
of  the  cock  to  fire  the  piece.  See  Percussion- 
cap. 

Ca-pade'.    (Hat-making.)    A  bat. 

Ca-parl-Bon.  (Menage.)  The  bridle,  saddle, 
and  trappings  complete  of  a  hoi-se  for  military  ser- 
vice. 

Ca'pel-U'na.  (Sp.)  The  bdl  or  cover  of  the  pile 
of  amalgam  bricks  (pina)  in  the  Spanish  process  of 
separating  the  mercury  from  the  metal.  See  Amal- 
gamator (Fig.  141). 

Ca'per.  (Nautical.)  A  kind  of  vessel  formerly 
used  by  the  Dutch  as  a  privateer. 

Cap^ll-la-ry-fil'ter.    A  simple  mode  of  freeing 
water    of   its    lai^ger  impurities  by 
means  of  a  cord  of  loose  fiber,  such  as 
cotton  cahdle-wick. 

The  water  in  the  upper  chamber  I 
passes  into  the  wick,  and,  being  ele- 
vated by  the  capillary  action,  passes 
down  the  tube,  and  drops  into  the 
pitcher,  which  is  placed  in  the  cham- 
ber to  receive  it. 

Cap'il-la-rim'e-ter.    An  instru- 
ment for  testing  the  quality  of  oils  . ^ 

by   indicating    the  (quantity  of   oil  CapiUar^FiUtr. 

which  falls  from  a  given -sized  point 

under  certain  circumstances  of  temperature,  etc. 

Cap'i-tal.  1.  (Architecture.)  The  head  or  up- 
permost part  of  a  column  or  pilaster.  The  capitala 
of  the  columns  constitute  the  principal  and  most  in- 
dicative mark  of  the  respective  orders.    * 

2.  (Fortification.)  An  imaginary  line  bisecting  the 
prominent  salient  angle  of  a  bastion  or  other  work. 

3.  (DistiUing.)     ITie  head  of  a  still. 

4.  (PritUing,)    A  lai^  or  upper-case  letter. 

Cap'o-niere'.  (Fortification.)  A  work  consist- 
ing of  a  double  parapet,  covering  a  passage  across 
the  ditch  to  the  goi^  of  the  ravelin.    See  Bastion. 

Certain  differences  in  construction  give  rise  to  the 
following  names  :  — 

Covered  or  casemated  caponiere. 

Open  caponiere. 

Single,  simple,  or  half  caponiere. 

Palisade  caponiere. 

Cap'pa-dine.  Silk  floss  or  waste  obtained  from 
the  cocoon  after  the  silk  has  been  reeled  off. 

Cap-pa'per.  1.  A  kind  of  writing-paper.  *  Ruled 
with  blue  lines,  and  folding  on  the  back,  it  is  fools- 
cap ;  with  red  lines  to  form  a  margin  on  the  left 
hand,  and  made  to  fold  on  the  top,  it  is  legal  cap, 

2.  A  size  of  paper  from  74  x  12  to  8^  x  14. 

3.  A  coarse  wrapping-paper. 

Capped  RaiL  A  railroad  rail  which  has  a 
steel  cap  attached  to  an  iron  body.  It  is  generally 
made  by  so  disposing  the  steel  in  a  fagot  as  to  foiin 
the  edge  of  that  metal,  in  rolling.     It  is  otherwise 
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See 


known  as  a  steel-topped  or  steel-headed  rail. 
Bail. 

The  illustration  shows  a  mode  of  capping  and 
■oling  rails  as  a  measure  of  repair. 
Cap'i^Lng-brick.  A  coping-brick. 
Cap'ping-off  {Olaat-^nakv^g.)  The  mode  of 
detaching  the  closed  end  of  a  blown  cylinder  by 
drawing  a  circle  around  it,  bringing  it  into  the 
shape  of  an  open-ended  cylinder  r«ady  for  splitting 
longitudinally. 

Cap'ping-plane.  {Joinery.)  A  nlane  used  for 
the  upper  surfaces  of  staircase  laus,  which  are 
faintly  rounded. 

Cap-pot.  {Olass-making.)  A  covered  glass-pot 
or  crucible. 

Cap-scut^e.  (Shipbuilding.)  The  framing  of 
coamings  and  head-ledges  around  a  hatch  and  a  top 
which  shuts  closely  into  a  rabbet. 

Cap-square.  One  of  the  plates  which  keep  the 
trunnions  of  a  gun  in  place.  They  are  secured  by 
keys  and  chains  to  the  trunnion-plates,  which  rest 
in  depressions  in  the  cheeks  of  the  gun-carriage. 

Cap'vtan.  A  hoisting  or  hauling  machine,  con- 
sisting of  a  drum  set  vertically  and  revolved  by 
handspikes. 

Capstans  are  single  or  daicble^  according  as  they 
have  one  or  two  barrels  upon  the  same  spindle. 
The  double-capstan  is  revolved  by  two  sets  of  men 
on  two  decks. 

They  are  also  known  as  fore  or  a/l  capstans,  ac- 
cording to  position.  The  /ore  capstan  stands  about 
midway  between  the /ore  and  viain  masts.  The  a/t 
capstan  about  the  same  distance  abaft  the  main- 
mast. 

Capstans  were  used  by  the  ancient  Romans  in 

transi)orting  the  Egyptian  obelisks. 

The  drum-capstan   for  weighing  heavy  anchors 

was    invented   by  Sir  Samuel 

Fig.  1082.  Morland    about    1661.     In    a 

simpler  form  it  was  used  by  the 

English,  French,  and  Spanish 

in  the  fifteenth  century. 

The  ca[)stan  differs  from  the 

windlass  in  having  an  upright 

axle,  the  bars  being  placed  in 

the  sockets  of  the  drum-lmid 

D,  and  revolving  horizontally 

as    the    sailors   walk    around, 

I  J  pushing  the  bars  before  them, 

and  winding  the  cable  on  thi- 

Qipsttin.  whelps,  IV.     In  this  mod<*  of 

exerting  manual  power,  a  force 

of  about  35  pounds  is  obtained,  which  is  about  ^  of 

what  a  man  can  exert  upon  a  windlass,  which  has  a 

horizontal  axis,   enabling   the  men  to  swing  their 

weight  on  the  bars.     The   capstan  has,   however, 

many  advantages,  among  which  may  be  enumerated 

—  compactness,   as  it  does  not  stretch  across  the 

forecastle  of  a  vessel ;  facility  for  allowing  a  large 

number  of  men  to  work  at  it  simultaneously  ;  con- 

tinnity  of  its  work,  as  the  bars  4o  not  require  to 


be  unshipped  after  making  a  quarter  of  a  revoln- 
tion. 

The  capstan  has  a  central,  vertical  spindle,  which 
passes  through  one  or  moi*e  decks,  and  is  securely 
stepped  at  some  point  below,  according  to  the  size 
and  character  of  the  vessel.  The  spiudle,  in  passing 
down  thixiugh  several  decks,  may  have  arrangements 
for  being  worked  by  men  at  several  levels.  Upon 
the  spindle  S  are  firmly  attached  the  several  parts. 
The  drum-head  D  has  square  sockets  for  the  cap- 
stan-bars, which  are  about  10  feet  long.  Under  the 
drum-heicd  is  the  barrel,  consisting  of  the  whelps 
fVf  and  beneath  the  barrel  is  the  pawl-head,  which 
has  a  series  of  pawls  around  its  perinhery,  engaging . 
the  notches  in  the  iiawl-rini,  which  is  a  circular 
ratchet  attached  to  the  deck.  The  drum-head, 
barrel,  and  pawl-ring  are  firmly  attached  to  the 
spindle  and  revolve  with  it,  the  cable  winding  on 
the  wlielps  and  the  pawls  preventing  back-lash. 

In  Phillips's  capstan  (Fig.  1083),  the  drum-head 
is  fixed  upon  the  spindle  and 
turns  it  round.     A  vertical  Kg- 1088. 

iron  bolt  passing  through  the 
drum-head    locks  it    to   the 
barrel,  and  the  whole  capstan 
turns  round  with  the  spindle, 
forming  a  "single  purchase." 
When    the    locking-bolt    is 
withdrawn,   the  wheel-work 
(shown  in  horizontal  section) 
acts  between  the  spindle  and 
the  barrel,  and  a  power  of  3  > 
to  1  is  gained.     Tne  spindle  | 
makes  3  turns  and  the  ban^el  | 
makes  1,  and  they  revolve  in 
opposite  directions. 

HiNDMARSH  (English  Pat- 
ent, 1827)  a<lded  a  ^^anch 
and  hand  and  bevel  gearing  to 
the  capstan-head,  for  occa- 
sional use.  It  was  partly  in 
the  drum -head  of  the  capstan 
and  partly  in  the  barrel. 

A  portable  capstan  for  the 
purpose  of  hauling  ditching- 
machines  and  mole-plows, 
moving  building  and  other 
similar  work  m  which  u 
strong  power  is  to  be  applied, 
is  shown  in  the  illustration, 


Compound  Capxuan. 


The  chain  or  rope  is 
wound  around  the  roller,  which  is  in  some  cases 
moved  by  hand-spikes  in  the  hands  of  laborers, 
but  in  the  Uniteil  States  is  usually  moved  by  a 
circular  sweep  and  a  draft  animal  or  two.     It  ia 

Fig.  1064. 


Portable  CapUan. 

usually  anchored  when  in  use.     The  sweep  is  shown 
as  broken  off. 

I  n  Fig.  1085  is  shown  a  steam -ca^istan,  in  which  two 
cylinders  ^  ^  are  connected  optionally  to  the  steam- 
pumps  C  C,  or  to  the  shaft  D  of  the  train,  whereby  the 
capstan  E  is  revolved.  The  connections  between 
the  pumping-engines  and  the  jiumps  may  he  readily 
uncoupled,  and  the  capstan  ttirown  into  cear  with 
said  engines.     A  regulating-screw  is  combined  with 
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the  fHction-clutch,  which  throws  the  capstan  into 
gear  with  the  engines,  so  that  the  etlect  of  said 
clutch,  respecting  the  power  or  speed  of  the  capstan, 
may  be  varied. 

In  moving  the  mass  of  granite,  weighing  1,500 
tons,  and  used  as  a  pedestal  for  the  statue  of  Peter 
the  Great,  in  St  Petersbui^g,  Count  Carbury  used 
capstans,  the  fall  passing  to  pulley-blocks,  which 
were  secured  respectively  to  the  lewd  and  to  posts 
set  firmly  in  the  ground. 

When  Vitruvius  moved  the  columns  of  the 
Temple  of  Diana  at  £phesus  from  the  quarry  to  the 
site,  ne  inserted  an  iron  pin  into  each  end  of  the 
column,  and  to  this  attached  a  quadrilateral  as 
long  and  wide  as  the  column.  Oxen  were  attached 
to  the  frame,  and  the  column  rolled  along  on  the 
ground.  This  was  the  method  devised  by  Ctesibus 
of  Alexandria.  Metagenes,  son  of  Vitruvius,  varied 
the  plan  in  moving  the  entablature  of  the  same  tem- 
ple, making  the  iron  pivots  at  the  ends  of  the  block 
work  as  axles  in  the  hubs  of  massive  wheels.  Pseo- 
uius  suspended  his  block,  which  was  designed  for  a 

gdestal  for  Apollo,  upon  wheels  in  a  similar  manner, 
e  then  unitea  the  wheels  by  scantling,  so  as  to  make 
a  perfect  cylinder.  A  rope  was  wound  around  this, 
and  uncoiled  as  the  oxen  progressed  and  rolled  the 
cylinder. 

Cap'sule.  1.  A  saucer  of  clay  or  bone-ash  in  which 
samples  of  ores  or  metals  are  roasted  or  oxidized. 

2.  An  evaporating  dish  of  porcelain  or  other  ware. 

8.  A  gelatinous  envelope  for  offensive  medicine. 

4.  The  shell  of  a  metallic  cartridge. 

Cap'tive  Bal-loon'.  One  which  is  tied  to  the 
earth  by  a  rope,  so  as  to  restrain  its  ascensive  and  wan- 
dering power. 

In  the  summer  of  1868  the  largest  of  its  kind  was 
exhibited  near  London  ;  it  had  a  cubic  capacity  of 
800,000  feet,  an  ascensional  power  equal  to  eleven 
tons,  from  which,  however,  had  to  be  deducted  the 
weight  of  car  and  rope,  the  latter  weighing  about 
four  tons.  It  was  capable  of  carrying  tnirty  people 
with  ballast.  To  render  its  ascending  power  as  great 
as  possible,  pure  hydrogen,  obtained  from  water,  in 
plaice  of  coal-eas,  was  used.  The  resistance  or  ascen- 
sive powe r  of  tne  balloon  required  a  200-horse-po wer  en- 
gine to  overcome  it  and  draw  it  down.    See  Balloon. 

Car.    A  wheeled  vehicle. 

The  invention  is  ascribed  to  £richthonius,  of 
Athens,  about  1486  b.  c.  It  will  not  do.  Pliny,  and 
other  commentators  of  his  day,  knew  but  little  of 


Egypt.  (See  Chariot;  Cart.)  Covered  and  cushioned 
cars  were  used  by  the  EoiBans^  (See  Carriaobi) 
Triumphal  cars  were  introdueed  by  Tarquin  the  Vi- 
der,  616  b.  o.  Csesar  relates  that  Cassioelaunua^  of  * 
Britain,  after  dismissing  all  hi*  other  forces,  retaintd 
4,000  war-chariota  about  his  person  ? 

In  the  United  States  the  term  has  become  re- 
stricted almost  entirely  to  vehicles  designed  for  tmv- 
eling  on  railways.  The  varieties  are  numerous,  and 
are  named  from  their  intended  use  or  from  soone  pe- 
culiarity in  their  construction. 


Adbe^on-car. 

Aerial  car. 

Box-car. 

Coal-car. 

Dummy-car. 

Dumping-car. 

Freight-car. 

Gravel-car. 

Hand-car. 

Irish -car. 

Jaunting-car. 


Petroleum-car. 

Platform -car. 

Provision-car. 

Refrigerating-car. 

Revolving-car. 

Safety-car. 

Sleeping-car. 

Street-car. 

Tank-car. 

Tool-car. 

Wrecking-car. 


The  railway-cars  of  the  United  States  are  canted 
upon  trucks  which  have  a  swiveling  adjustment  be^ 
neath  the  car,  to  assist  in  turning  curves.  This  is 
especially  necessary  with  long  cars  and  on  roads  with 
curves  of  short  radius. 

The  cars  of  street-railways,  being  comparatively 
short,  have  pedestals  for  the  axle-boxes  attached  di- 
rectly to  the  bed-frame. 

The  cars  constructed  in  1880  for  the  Liverpool 
and  Manchester  Railway,  England,  had  four  wheels, 
but  no  springs ;  the  bodies  eonsistinff  of  sills,  to  which 
the  journal-boxes  were  bolted,  and  upon  which  the 
floors  were  laid.  These  cars  were  formed  without 
roofs.  In  1881,  one  Mr.  Joseph  Knight  proposed  to 
employ  springs  under  all  cars,  to  support  tne  body 
of  the  car  and  contents,  and  also  suggested  that  the 
treads  of  car-wheels  should  be  made  conical,  for  the 
purpose  of  facilitating  their  passage  around  the  curves 
of  tne  road. 

Cars  for  the  transportation  of  passengers  in  £ng>> 
land  and  Scotland  consist  of  three  classes,  the  first 
class  being  well  finished,  and  provided  with  seats  for 
the  passengers  to  sit  upon,  which  seats  are  furnished 
with  cushions.  The  second  class  are  of  plain  fin- 
ish, without  cushions  or  ornaments.  The  trrird  class 
are  little  more  than  plain  boxes  set  upon  whe^a  and 
supplied  with  seats,  out  in  many  cases  wttkoui;  any 
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roof.  In  addition  to  these  three  classes,  there  are 
what  are  termed  *'  mixed  carriages,"  which  consist 
of  three  compartments,  the  center  one  being  for  first- 
class  passengers,  and  the  two  end  ones  for  second- 
class  passen^Vs. 

The  Amencan  car  has  a  gangway  lengthwise  of  the 
car,  the  seats  on  each  side  reversible,  so  that  the  car 
may  travel  either  end  forward  and  yet  allow  the 
passenger  to  '*face  the  horses."  It  excites  the  ad- 
miration of  the  average  Briton,  and  will  yet  be  the 
favorite  form  of  car  the  world  over. 


ng.  1086. 


JHsh  Jmmting'Oars, 


S.  A  kind  of  two- 
wheeled  Irish  vehicle 
in  which   the  passen- 

^  gers  on  the  two  seats 
sit  back  to  back,  fac- 

I  ing  forward  and  back- 
ward, as  in  one  of  the 
figures ;  or  else  side- 
ways, the  seats  being 

^  over  the  wheels  and  a 
well  in  the  center  ;  or 
else,  as  in  the  other 

""  fiffure,    a    vehicle    in 

J  which  the  seats  for  the 

passengers    face    each 

other,  while  the  driver 

Such  cars  are  known  as  Irish 


has  a  seat  in  front, 
cars,  or  jaunting-cars. 

Car'ack.  {NatUical.)  A  kind  of  lai^  trad- 
ing-ship, used  by  the  Portuguese  in  the  East  In- 
dies. 

Car'a-cole.  (Carpentry.)  A  term  sometimes 
used  for  a  staircase  in  a  helical  or  spiral  form. 

Car'a-oo-U.  An  alloy  of  gold,  silver,  and  cop- 
per, designed  for  factitious  jewelry. 

Car'a-oore.  {Nautical.)  A  light  vessel  used  by 
the  natives  of  Borneo  and  the  adjacent  islands,  and 
by  the  Dutch  as  a  coast-guard  vessel  in  their  East 
Indian  possessions. 

Car'at.  a.  A  weight  of  3.077  grains,  used  in 
weighing  diamonds. 

h.  A  twenty-fourth  part  of  a  piece  of  gold  under 
assay  or  estimation. 

The  name  is  derived  from  Carat,  the  sweet-pea, 
a  measure  of  weight  among  the  Arabs,  equal  to  four 
grains  of  barley. 

Car'a-van.  (Vehicle}^  a.  A  vehicle  for  convey- 
ing passengers  between  Cairo  and  Suez.  It  is  shaped 
like  a  light  wagon,  with  top  and  curtains.  A  num- 
•  ber  of  them  us«i  to  meet  the  passengers  arriving  by 
the  Red  Sea  or  Mediterranean  steam  vessels,  and  con- 
vey them  across  a  portion  of  the  Egyptian  territory. 
This  route  was  established  by  Lieutenant  Waghom. 

h.  A  large  inclosed  vehicle  for  conveying  wild 
beasts  and  other  objects  of  interest  in  a  traveling 
exhibition. 

e.  A  capacious  covered  vehicle  for  moving  furni- 
ture, etc. 

Car'a-van-boil'er.    A  wagon-shaped  boiler. 

Car'a^veL  {NatUical)  a.  A  small  ship,  gal- 
ley-rigged, formerly  used  by  the  Spanish  and 
Portuguese. 


6.  A  boat  used  by  the  French  in  the  herring* 
fishery. 

Car-azla  (Railway.)  The  shaft  which  passes 
through  the  na/oes  or  hubs  of  the  car-wheeU,  and 
on  which  the  latter  are  shrunk  or  pressed.  In 
the  earlier  forms  of  railway  oar-axles,  the  wheels 
rotated  on  the  axles,  as  in  the  case  of  ordinair  rwui- 
carriages.  The  practice  has  long  since  become 
almost  universal  to  fasten  the  wheels  of  cars  to  their 
axles,  in  order  that  they  may  successftiUy  with- 
stand the  severe  strains  and  jars  to  which  they  are 
exposed  by  the  weight  and  surging  of  the  cars  and 
the  inequalities  of  the  track. 

Axles  have  been  made  hollow,  to  obtain  greater 
strength  with  economy  of  metal,  but  are  not  in 
common  use,  owing  to  the  increased  expense  of  manu- 
facture. 

Fig.  1087,  A  shows  the  form  and  proportions  of 
an  axle. 


Fig  1087. 
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Caar-Axit. 

E,  collar ;  diameter,  SJ  inches, 
i),  collar  ;  length,  |  of  an  inch. 
Bf  journal ;  length,  5  inches. 

C,  journal ;  diameter,  8^  inches. 
Jt  &xle  ;  length,  6  feet  7^  inches. 

F,  hub-seat ;  length,  12^  inches. 
O,  hub-seat ;  diameter,  8}  inches. 
J7,  taper  ;  length,  3  feet  6^  inches. 
/,  middle  ;  diameter,  3^  inches. 

In  addition  to'  the  ordinary  form  of  axle,  many 
devices  have  been  invented,  though  but  few  adoptedC 
to  obviate  special  difficulties. 

The  axle,  constructed  of  one  piece  of  metal,  and 
with  the  wheels  fixed  firmly  thereon,  is  subject  to 
severe  torsional  strain  in  turning  curves,  when  the 
outer  wheel  has  a  circle  of  a  larger  arc  to  traverse, 
compelling  the  wheel  on  the  inner  and  shorter  circle 
to  sup.  The  torsion  of  the  axle  is  veiy  detrimental, 
and  tne  slipping  of  the  wheel  is  equivalent  to  grind- 
ing on  the  raU,  and  retards  the  train.  To  avoid 
these  difficulties,  the  axle  has  been  made  in  two 
parts,  either  by  double  bearings  for  the  shorter 
axles,  as  in 

Fig.     1088,  Pig.  1088. 

in  which  a 
yoke  sur- 
mounts the 
wheels,  and  ^At 
is  secured  to  "^ 
the  axle- 
boxes  by 
screw-bolts, 
or  by  some 
other  equiv- 
alent arrangement,  such  as  Du  Bri's  Patent,  1863. 

Fig.  1089  is  an  illustration  wherein  the  axle  is 
divided  at  the  mid-length,  the  inner  ends  of  which 
are  supported  in  a  box  or  sleeve.  See  also  patent 
of  Hewett,  1865, 

In  another  form  of  the  divided  axle,  one  portion 
of  the  axle  is  hollow,  and  forms  a  sleeve  for  the 
other,  as  in  Fig.  1090. 

Taylor's  car- wheel  (English  patent.  May  11, 1841) 
specifies  an  arrangement  in  which  one  wheel  is  fixed 
to  a  solid  axle,  and  revolves  in  a  hollow  axle  affixed 
to  the  opposite  wheel. 


^ 
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Divided  Car'AxU. 

These  yuions  forms  of  doable  axles,  which  render 
necessary  a  multiplication  of  parts,  and  consequent 

Fig.  1090. 


mem 


^zaaz 


Hollow  Divided-Axle, 


liabiliW  to  get  out  of  repair,  have  never  come  into 
general  use. 

Car-Az'le  Box.  (BaUway  Engineering. )  The 
chamber  which  contains  the  journal  of  a  car-axle, 
its  lubricant,  and  brasses,  and  which  slides  upon 
and  down  in  the  hanger  or  pedestal  as  the  springs 
contract  or  expand. 

In  Fig.  1091,  ^  ^  is  the  box  containing  the  lu- 
bricant and  its  vehicle,  tow  or  cotton.  A  is  the 
journal  of  the  axle,  haxing  a  collar  on  its  end,  to 
prevent  its  pulling  out.  A  saddle  has  its  seat  on  the 
journal,  and  also  forms  a  key  for  the  collar  on  the 
end.  O  H  Bxe  sections  with  semicircular  grooves, 
which  fit  upon  the  shoulder  of  the  journal  and 
keep  out  oirt  and  grit.  The  upper  section  O 
acts  by  gravity,  the  lower  section  hy  means  of 
a  spring  L  L  beneath  it.  /  /  are  guides  for  the 
slide-nlates  G  U,  which  bear  against  the  ring  0 
ahrunk  on  the  shoulder  of  the  axle. 

Fi^.  1092  shows  the 
relation  of  the  box  to 


ng.  1091. 


the  hanger,  which  may 
also  be  clearly  seen  in 
Car-truck.  The  box 
B  has  trunnions  d  d 


Fig.  loes. 


AxU-Boz  and  Hanger. 

fitted  for  sliding  blocks  b,  which  are  adapted  to  guides 
formed  in  the  hanger.  G  is  the  saddle  upon  which 
the  weight  is  imposed  ;  this  rests  upon  a  plate  m,  and 
the  latter  upon  the  bearing-block  or  brass  which  lies 
upon  the  journal,    e  is  the  axle-box  cover. 

The  English  railway  axle-box  has  two  pieces,  di- 
vided at  the  level  of  the  diameter  of  the  axle,  at 
which  point  it  is  fastened  together  by  iron  bolts. 
Brasses  surround  the  bearing  portion  of  the  axle, 
which  receives  oil  from  a  chamber  above.  An  in- 
clined lid  on  the  outside  of  the  box  allows  the  cham- 
ber to  be  replenished  with  oil  when  necessary. 

Car-axle  Box-cov'er.  (Railvxiy  Engineering,) 
The  lid  on  the  upper  outer  portion  of  the  axle-box, 
which  is  lifted  to  renew  tne  oil  and  tow  or  other 

Fig.  109B. 


AxU'Box  Cover. 

lubricating  material,  and  the  tow  or  cotton  waste. 
The  lid,  usually  hinged,  fits  on  an  inclined  seat, 
and  is  secured  by  latches  or  otherwise,  as  in  the 
example,  where  it  is  clamped  against  the  inside  of 
the  box  by  a  bolt  and  an  outer  bridge-piece  over  the 
opening. 
Car-axle  Lathe.    A  lathe  specially  designed 

Fig.  1091 


Ca^'AxU  Boz. 


SeOen^s  Car-AzU  Lathe. 
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for  turning  car-wheel  axles,  being  strongly  geared 
for  heavy  cut.  The  axle  is  hung  upon  tiie  centers 
b  e,  on  the  head  and  tail  stocks  a  d,  and  is  rotated 
by  the  Clement  driver  c  on  the  face-plate,  which  de- 
nves  its  motion  from  the  gear-wheel  h  and  band- 
pulley  t.  The  slide-rest  n,  which  carries  the  cutter 
m,  has  an  automatic  feed-motion  bv  the  rod  J,  wheel 
ib,  pinion  and  connections,  and  also  a  rack-feed  I, 
witn  quick  hand-traverse.  The  working  parts  are 
fended  from  chips,  and  also  from  the  water  which 
drips  from  the  can  g  upon  the  cutting-tool. 
Car-bas'ket.    (Bailway,)    A  shelf  or  rack  in  a 

Fig.  109& 
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Car-Basktt. 

passenger  car  to  contain  small    packages,  shawls, 
satcheb,  hats,  etc. 

Car'blne.  A  small  arm  with  a  short  barrel, 
adapted  for  the  use  of  cavalry,  and  having  a  bore  of 
.44  or  .60  inch,  or  thereabout. 

They  appear  to  have  come  into  notice  in  the  anny 
of  Henry  II.  of  France,  1659.  The  arm  was  3 A 
feet  long,  and  the  practice  was  to  fire  and  fall  back 
behind  the  rear  rank,  who  fired  and  followed  suit. 
The  troops  were  light  cavalry,  and  the  arm  se^iems  to 
have  had  a  wheel-lock. 

The  term  now  is  applied  to  a  short  ^un  adapted 
for  cavalry,  of  which  many  breech-loadmg  varieties 
have  been  tried  in  the  United  States  army  with 
greater  or  less  success.  Previous^to  the  general  in- 
troduction of  breech-loaders,  the  fire-arm  in  com- 
mon use  for  cavalry,  as  well  as  engineers  and  heavy 
artillery,  was  a  species  of  carbine  denominated 
musketoon,  differing  from  the  musket  only 
length  and  in  the  fact  that  the  arm  for  the  cavalry 
was  provided  with  a  sling-bar  for  more  convenient 
carriage  on  horseback  ;  those  for  the  en^neers  and 
artillery  were  generally  furnished  with  sword- 
bayonets.  These  all  appear  to  have  corresponded 
nearly  in  caliber  and  general  dimensions  with  the 
modem  French  carahim. 

The  Spencer  rifle  was  extensively  used  by  the 
cavalry  of  the  Union  aripy  during  the  late  war. 

Car'bine-thim'bla  A  stiff  leathern  socket, 
securiMl  to  a  D-xing  on  the  off-side  of  the  saddle  by 
a  strap  and  buckle.  It  receives  the  muzzle  of  the 
horseman's  carbine. 

Car'boii-bafter-y.  Another  name  for  the 
"Bunaen"  galvanic  battery,  in  which  carbon  or 
gas -coke  replaces  the  platinum  of  the  "Grove" 
battery,  and  a  solution  of  bichromate  of  potash  re- 
places the  nitric  acid.  The  carbon  is  sometimes  in 
the  form  of  a  cup,  and  thus  constitutes  the  porous 
cup  as  well  as  an  element.  Sometimes  known  as 
the  £lectropoion  Battery,  though  this  is  a  generic 
term,  and  is  equally  applicable  to  other  forms.  See 
BuKSEN  Battery. 

Car-bon'io-a'oid  En'gine.  1.  An  engine  driven 
by  the  expansive  powei*  of  condensed  carbonic-acid 


jpa.  Brunel's  gas  engine,  1804,  was  driven  bv  the 
increment  of  pressure  due  to  the  passage  of  hot 
water  through  a  coil  in  the  gas-reservoir.     See  Gas- 

ENGINE. 

2.  A  machine  for  impregnating  water  with  car- 
bonic-acid gas  as  a  beverage.     See  Aerator. 

3.  A  form  of  fire-engine  in  which  water  is  ejected 
by  the  pressure  due  to  the  evolution  of  carbonic 


Carbonic'Aeid  Engine. 

acid  in  a  closed  chamber  over  water  ;  or  in  which 
carbonic  acid  is  ejected  with  the  water,  in  order  to 
assist  in  extinguishing  fire  by  the  exclusion  of 
oxygen  therefrom.  In  the  example  (Fig.  1096),  the 
pumps  are  made  to  dischai^e  Water,  into  which  a 
stream  of  carbonic  acid  is  constantly  driven  by  an 
air-pump  after  the  water  has  left  the  pump-cylinders. 
See  Fire-engine  ;  Fire-annihilator. 

Car'boii-iz'er.  A  tank  or  vessel  containing  ben- 
zole, or  other  suitable  liquid  hydrocarbon,  and 
through  which  air  or  gas  is  passed,  in  order  to  carry 
off  an  inflammable  vapor.    See  Carburetor. 

Car'boii-iz'iiig-ftir'iiaoe.  An  apparatus  for  car- 
bonizing wood,  disintegrating  rocks,  etc.  Composed 
of  a  furnace  or  fire -chamber,  movable  upon  a  station- 
ary frame,  both  vertically  and  horizontally,  and  pro- 


ng. 1097. 


Carbonizing  Fumacf. 

vided  with  a  nozzle,  by  which  the  flame  is  directed 
upon  the  object.  The  furnace  is  connected  to  a 
blast-apparatus  KKhj  means  of  a  flexible  tube  and 
a  pipe  ;  a  fine  stream  of  water  flows  into  this  tube 
from  a  tube  C  connected  with  a  water-reservoir  D, 
and  the  pipe  is  8urrounde<l  by  a  water-chamber,  to 
prevent  the  heat  from  affecting  the  flexible  tube. 
The  wood  to  be  acted  upon  is  pissed  before  the  noz- 
zle ^,  being  supported  on  rollers  attached  to  a  soit- 
able  frame. 
Car^bon-light.  The  light  produced  between  and 
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upon  two  carbon  points,  between  which  passes  a  cur- 
rent of  electricity.     See  Electric  Light. 

Oarl>oii-om'e-ter.  An  instrument  to  detect  the 
presence  of  an  excess  of  carbonic  acid  by  its  action 
ux>on  lime-water. 

Car'bon-print'ing.    In  1888  or  1839,  Mr.  Mun- 

§0  Ponton  first  pointed  out  the  effect  of  light  in  pro- 
ucing  colorable  changes  in  compounds  of  biooro- 
mate  of  potassa  and  organic  matters.  Mr.  Fox  Talbot 
appears  to  have  been  the  first  to  appreciate  the  effect 
of  light  in  rendering  insoluble  the  compounds  of 
bichromate  of  potash  and  gelatine.  Poitevin,  in 
1855,  was  the  first  to  use  carbon,  adopting  the  bi- 
chromate of  gelatine  as  a  vehicle,  avaihng  himself  of 
its  insoluble  character  after  exposure.  The  process 
was  as  follows :  Paper  was  coated  with  a  compound 
of  bichromate  of  potassa,  gelatine,  and  lamp-black, 
in  cold  distilled  water ;  this  is  allowed  to  dry  in  a 
dark  room,  subsequently  exposed  beneath  a  negative 
for  a  few  minutes,  according  to  the  character  of  the 
solution  and  of  the  light,  then  dissolving. off  with 
hot  water  theparts  not  affected  by  the  actinic  action  of 
the  li^ht.  Tne  picture  resulting  from  this  treat- 
ment IS  a  positive  print  in  black  and  white,  of 
which  the  shades  are  produced  by  the  carbon  of  the 
lamp-black.  Poitevin  also  introduced  various  colors 
into  the  same  process. 

Poitevin,  later,  introduced  another  process  for 
carbon-printing  under  a  positive.  The  paper  is  floated 
in  a  bath  of  gelatine  dissolved  in  lulcewarm  water 
and  colored  with  lamp-black.  Such  paper  is  sensi- 
tized in  a  dark  room  oy  immersion  in  a  solution  of 
sesquichloride  of  iron  and  tartaric  acid.  This  ren- 
ders the  gelatine  insoluble,  even  in  boiling  water. 
The  sheets  are  dried  and  exposed  under  transparent 
positives  in  the  printing-frame.  The  parts  of  the 
film  acted  upon  by  light  become  soluble  in  hot  wa- 
ter, the  iron  salts,  under  the  influence  of  light,  be- 
ing reduced  by  tiie  tartaric  acid,  restoring  the  or- 
ganic matter  to  its  natural  solubility.  The  sheet  is 
then  washed  in  hot  water,  which  removes  the  ferru- 
ginous compound  and  develops  the  pictui-e. 

Swann,  of  Newcastle-upon-Tyne,  about  1861,  was 
the  first  to  introduce  into  a  practical  process  the 
transfer  of  the  film,  after  exposure,  to  another  sur- 
face, with  the  face  of  the  film  downwards,  so  as  to  ad- 
mit of  the  dis.solving  off  of  the  unaltered  gelatine 
and  pigment,  without  undermining  the  delicate  por- 
tions of  the  picture.  It  will  be  manifest  that  the 
depth  to  which  the  actinic  rays  penetrate  the  film 
differs  according  to  the  transparency  of  the  negative, 
and  with  the  light  tints  will  penetrate  but  a  very 
short  distance.  With  such  tints,  —  when  the  solu- 
tion takes  place  from  the  face,  —  when  the  free  gela- 
tine comes  to  be  dissolved,  the  thin  coating  of  in- 
soluble gelatine  and  pigment  representing  the  more 
delicate  shades  becomes  undermined  and  floats  away. 
Swann,  to  avoid  this,  transferred  the  film  with  its 
affected  side  downward  on  a  sheet  of  paper,  washed 
from  the  back  of  the  film,  and  transferreabeZck  again 
to  the  paper  on  which  it  remained. 

Argentotype  is  a  modified  fonn  of  carbon  picture 
introduced  by  Wenderoth,  in  which  the  print  is 
backed  by  a  polished  plate,  to  bring  up  tne  high 
lights.  Johnson  proposes  tin  as  a  substitute,  cheaper 
and  less  likely  to  tarnish. 

The  carbon  process  has  been  carried  forward  in 
several  different  directions.  A  hardened  film  of 
bichromated  gelatine  has  been  pressed  in  a  sheet  of 
lead  in  a  hydraulic  press,  and  a  reverse  in  lead  ob- 
tained, from  which  gelatinous  casts  may  be  taken. 
See  WooDBTTRY  Process. 

The  gelatine  film  carrying  the  impression  is  used 
to  print  from  directly  in  ordinary  ink.  See  Hsliottpe. 


Car'bon  Tool-point  An  application  of  the 
diamond  to  mechanical  purposes.  These  point* 
are  used  to  j)oint,  edge,  or  face  tools  for  druling^ 
reaming,  sawing,  planing,  turning,  shapings  oair- 

Fig.  1066. 
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Diekiiwm*8  Carbon  Tool-Poi$Us. 

ing,  engraving,  and  dressing  flint,  grindstonm, 
whet-stones,  emery,  corundum,  tanite,  or  tripoU 
wheels,  iridium,  nickel,  enamel,  crystals,  glass, 
porcelain,  china,  steel,  hardened  or  otherwise,  chilled 
iron,  copper,  or  other  metals. 

1  is  a  triangular  prism-like  cutter  for  turning  or 
working  stone,  etc. 

2  is  a  flat  drill-point  for  drilling  stone,  glass,  or 
metal. 

8  is  a  burin  for  cutting  or  turning  metal. 

4  is  a  quadrangular  prism  for  working  stone, 
etc. 

5  is  a  hexahedron  to  be  inserted  in  the  edge  or 
face  of  a  circular  saw  for  cutting  stone. 

6  is  a  double-sided  trapezoid,  used  in  various 
positions  for  marking  or  turning  stone,  steel,  or 
other  substances. 

7  is  a  chisel  point  or  cutter  for  turning  metal, 
etc. 

8  is  a  drill-faced  parallelogram  for  pointing  com- 
bination drills  for  drilling  and  reaming  stone,  metal, 
etc. 

9  is  a  quadrangular  prism  with  a  planer  cutting- 
point  for  cutting  or  planing  metal,  etc. 

10  is  a  truncated  prism  for  working  stone, 
etc. 

11  is  similar  to  8,  and  used  for  the  same  pur- 
pose. 

12  Is  a  truncated  prism  used  for  facing  or  edging 
ring  or  cylinder  drills  and  circular  saws  for  cutting 
stone,  metal,  etc. 

13  is  a  quadrangular  double-faced  drill-point  for 
drilling  stone,  etc. 

14  is  a  quadrangfular  pyramid  used  for  reamiiig 
stone  or  metal. 

15  is  similar  to  5,  and  is  used  for  the  tame  par- 
poee. 


Digitized  by 


Google 


CARBOY. 


462 


CAR-BRAKE. 


16  is  a  quadrangalar  cube  with  graver- 
edge  for  cutting  metal,  etc. 

17  is  a  flat  octahedron  for  drilling  stone, 
glass,  etc. 

18  is  a  flat  ovoid ;  with  double  drill- 
point,  for  drilling  or  countersinking  stone, 
metal,  etc. 

19  is  a  tetrahedron,  used  the  same  ^lb  18. 

20  is  a  pyramidical  drill-point,  used  the 
same  as  18  and  19. 

21  is  a  truncated  prism,  used  the  same 
as  1  and  10. 

22  is  a  drill-pointed  prism-reamer. 

23  is  similar  to  22,  and  used  in  the  same 
manner. 

24  is  the  same  as  7,  with  angular  edges,  and  used 
for  the  same  purpose. 

25  is  a  double-inclined  plane-wedge  for  cutting 
stone  or  metal. 

26  is  a  quadrangular  wedge  for  turning  stone  or 
metal. 

27  is  an  acute  conical-turned  diamond-point,  used 
for  engraving,  etching  steel  by  bank-note  engravers. 

28  is  a  diamond  in  its  natural  crystallized  state, 
as  found  in  the  mines. 

Car'boy.  A  large  ^lobular  vessel  of  green  glass 
inclosed  by  basket-work  or  a  box  for  protection.  In 
the  latter  form  the  box  has  rope  handles,  and  the 
mouth  and  neck  of  the  carboy  protrude  through  the 
top  of  the  box.  It  is  used  for  carrying  chemicals, 
such  as  sulphuric  acid,  the  miriol  of  commerce,  of 
which  it  contains  160  pounds,  or  12  gallons  of  water. 

It  is  like  a  demijohn  {cUimaghan,  Persian)  except 
in  its  purpose.  The  latter  is  intended  to  contain 
spirits. 

Car-brake.  (Railway  Engineering.)  An  appara- 
tus by  which  pressure  is  appUed  to  the  wheels  of 
railway  cars,  to  check  their  speed  and  eventually  stop 
their  revolution. 

The  usual  accessories  are  the 

Sfu)e. 
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Brake-wheel. 
Brake-lever. 
Brake-bar. 


Bubber. 


1.  The  brake  is  usually  hand-operated  by  the 
brakeman  or  ffuard  on  the  car  platform  or  roof,  as 
the  case  may  be.  Passenger  railway-cars  and  street- 
cars have  on  the  platform  a  brake- wheel  or  lever,  the 
revolution  of  whose  axis  winds  up  a  chain  which  ac- 
tuates the  levers,  rods,  bars,  ana  shoes,  as  in  Fig. 
1099,  and  the  apparatus  is  kept  at  its  tension  by  a 

Fig.  1000. 


click  working  into  a  ratchet-wheel  on  the  stem  of  the 
bnike-lever.  The  illustration  shows  an  arrangement 
of  longitudinal  brake-rods  beneath  the  cars,  connect- 
ed together  by  chains,  so  that  the  brakes  are  brought 
into  operation  if  any  of  the  car-couplings  give  way. 
One  form  of  the  system  of  rods  and  bars  beneath 
the  car  is  shown  in  Fig.  1100,  in  which  a  single  le- 
ver F,  pivoted  at  mid-length,  is  operated  by  chains 


Car-Brake  (Flan). 

and  rods  from  the  brake-wheel  on  either  platfonxu 
To  the  lever  are  attached  rods  O  H,  proceeding  to 
the  brake- bars,  which  carry  the  shoes. 

Fig.  1101,  ^  is  a  plan  of  the  Hodge  brake,  invent- 
ed' in  1849.  The  illustration  shows  the  portions  be- 
longing to  one  truck  ;  the  rod  a  passes  to  the  other 
truck,  where  the  braking -devices  are  repeated,  so 
that  the  action  on  the  wheels  of  both  trucks  is  co- 
incident and  equal,  by  motion  derived  from  the 
brake-wheel  on  the  platform  at  either  end  of  the 
car.  b  is  the  rod  wnich  is  pulled  endwavs  by  the 
winding  of  the  chain  on  the  stem  of  the  brake-wheeL 
This  rcKl  b  pulls  upon  the  lever  c,  which  is  pivoted 
at  mid-length  to  tne  rod  a,  and  at  its  other  end  by 
rod  h  to  the  lever  e,  which  is  a  lever  of  another  or- 
der, and  transmits  to  the  rod /and  brake-bar  g  half 
the  power  exerted  upon  b.  It  will  be  seen  that  the 
end  of  lever  e  attached  to  the  rod  h  is  the  fulcrum 
for  the  attainment  of  effect  on  the  rod  a,  while  the 
latter  is  the  fulcrum  for  rod  h  ;  each  is  a  ttaoving  ful- 
crum, and,  the  effect  upon  each  bein^  equal,  the  force 
of  the  man  upon  the  brake-wheel  is  evenly  divided 
between  the  wiieels  of  the  respective  tmcks. 

Fig.  1101,  ^  shows  the  English  form  of  lever-brdce 
for  coal  or  gravel  cars.  It  has  a  bar  pivoted  to  the 
frame,  and  a  shoe  to  act  upon  each  wheel  as  the  le- 
ver is  depressed. 

Fig.  1101,  C7is  the  Stevens  brake,  1851,  in  which 
the  action  of  the  brakes  on  the  wheels  of  the  respec- 
tive trucks  is  also  coincident  and  equal.    The  draw- 
ing shows  but  one  truck,  but  the  nnl  a  connecto  the 
levers  of  the  respective  trucks,  so  that  the  operation 
from  either  end  is  effective  upon  the  whole,  the  re- 
sult being  more  thorough  if  the  brake-wheel  of  the 
far  end  be  left  locked,  so  as  to  form  an  ultimate  ful- 
crum for  the  system  of  levers  set  in  motion  from  the, 
for  the  time,  operative  end. 
A  pull  on  the  chain  b  vi- 
brates the  lever  c  on  its  ful- 
crum, the  rod  d,  and  brings 
the  shoe  e  against  the  wheel ; 
but  the  fulcrum    is  itself 
moved,  and,  by  drawing  on 
the  rod  rf,  moves  the  lever/ 
and  draws  the  shoe  g  against 
the  other  wheeL     In  effect- 
ing this,  the  upper  end  of  the 
lever  is  made  the  fulcrum ; 
but  this  is  itself  movable, 
transmitting  by  rod  a  one 
half  of  the  force  originally 
expended  to  the  braking  apparatus  of  the  other  car. 
Fig.  1101,  D  is  another  brake  of  allied  nature,  the 
force  of  the  rotation  of  the  brake-wheel  stem  a  in 
winding  on  the  chain  being  transmitted  by  rod  b  to 
a  wheelc  under  the  center  of  the  car,  and  thence  by 
rods  dg\xi  the  levers  which  operate  the  bn^e-bars 
of  the  respective  trucks.    The  course  of  the  connect- 
ing-rod between  the  two  brake-levers  of  a  truck  is 
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car  u^n  another.  In  Fig.  1108,  the  brake-hars  of 
a  train  are  simultaneously  worked  by  means  of 
lonntudinal  counecting-rods  under  the  car-beds  and 
gimbal-joint  connections  between  cars.  The  lonfi- 
tndinal  screw-shaft  turns  in  bearings  in  the  truck, 
and  operates  a  nut  which  is  connected  to  and 
actuates  the  brake-levers. 

8.  Brakes  operating  continuously  throughout  the 
train  are  found  in  the  patents  of  Marks,  1854, 
acting  by  rods  and  chains ;  Stewart,  1859,  having 
rods  and  cog-wheels ;  Burrows,  1862,  by  rods  and 
levers. 

Devlan's  patent  of  1861  acts  by  grasping  the  axle 

Fig.  1108. 
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drawn  in  dotted  lines,  representing  it  as  on  the  other 
side  of  the  wheels. 

2.  The  devices  are  numerous  in  which  the  collid- 
ing of  the  cars,  as  the  rate  of  motion  is  slacked,  or 
as  the  brake  is  put  upon  the  engine  or  forward  car,  is 
made  to  put  the  brakes  of  the  train  in  operation,  the 
effect  of  the  brake-action  being  proportionate  to  the 
energy  with  which  the  forward  car  or  ennne  opposes 
the  momentum  of  the  cars  following.  One  form  is 
shown  in  Fig.  1102.     When  the  engine  is  diedced 

Fig.  1102. 


Oar'Btaie, 


and  the  buffer-bars  come  together,  the  brakes  are 
applied  to  the  cars  by  power  derived  from  the  sliding 
motion  of  the  buffer-bars  and  transmitted  through 
the  medium  of  the  rods  and  levers. 
The  action  in  this  case  is  by  the  bumping  of  one 


of  the  wheels ;  Blanchard's,  1866,  by  a  shoe  on  the 
nil. 

Of  the  car-brakes  exhibited  at  the  Paris  Exposi- 
tion, 1862,  Creamer's  was  automatic,  instantaneous, 
and  simultaneously  applied  to  all  the  wheels  of  each 
car. 

The  machinery  of  the  system  in  common  use  re- 
mains unaltered,  but  there  is  added  to  it  a  reserved 
power  in  the  form  of  a  closely  wound  and  powerful 
spiral  spring,  which  may  be  set  free  by  the  pulling 
of  a  tri^B^er,  and  which,  when  free,  is  a  substitute  for 
the  force  of  the  brakeman.  The  apparatus  is  under 
the  control  of  the  engineer  or  the  conductor,  on  any 
car. 

With  Achard's  electro-maffnetic  brake,  each  car- 
riage in  the  train  is  supplied  with  a  battery  of  six 
Dauiell  cells,  connectea  with  each  other  and  with 
the  engine  foot-plate  by  means  of  four  insulated 
wires  passing  through  the  whole  length  of  the  train. 
By  means  of  these  electric  wires  two  distinct  electric 
currents  may  be  created,  either  of  which  may  be 
closed  or  broken  by  altering  the  position  of  a  handle 
placed  before  the  engine-c&iver.  The  electro-mag- 
netic force  upon  an  armature  on  each  car  is  made  to 
wind  a  barrel  and  draw  upon  a  chain  which  vibrates 
the  levers  and  applies  the  brakes. 

4.  Another  class  of  car-brakes  consists  of  those  in 

which  braking-devices  of  the  cars  individually  are 

operated  by  means  of  an  elastic  fluid,  air  or  steam, 

the  operative  devices  of  each  car  being 

under  the  control  of  the  engineer,  upon 

the  locomotive. 

-r  1     Steam-operated  devices  are  of  different 

■'-'  forms :  — 

a,  steam-pipes  connected  throughout 
the  train  and  operating  a  piston  in  a 
cylinder  on  each  car,  to  work  the  brakes. 

b,  a  rod  and  chain  connected  through- 
out the  train,  the  operative  devices  being 
a  single  cylinder  on  the  locomotive. 

c,  an  air-pipe  connected  throughout 
the  train,  a  cylinder  and  piston  beneath 
each  car  to  operate  the  brakes,  an  air- 
pump  on  the  locomotive  to  condense  air, 

which  is  carried  by  the  pipes  to  all  the  cylinders 
in  the  train. 

The  Westinghouse  Air-Brake  employs  atmos- 
pheric air  as  the  medium  for  transmitting  power  to 
the  brakes.     This  is  condensed  to  the  required  ex- 
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tent  by  a  steam-pump  placed  between  the  driving- 
wheels  or  in  other  convenient  position  on  the  loco- 
motive. The  air  is  forced  into  a  reservoir,  so  that 
a  sufficient  supply  may  be  ready  for  use.  Fi*om 
this  reservoir  it  is  conducted  back  under  the  cars  of 
the  train  by  pipes,  connected  between  the  cars  by 
india-rubber  hose  and  valved  couplings.  Under 
each  car  is  a  cylinder  to  which  the  compressed  air  is 
admitted  forward  of  a  piston,  the  stem  of  which  is 
connected  to  a  bell-crank  attached  to  the  brake- 
levers  by  rods,  so  that,  when  air  is  admitted  in  front 
of  the  piston  in  the  cylinder,  the  brakes  are  at  once 
applied  to  the  wheels.     See  Brake,  p.  366. 

There  have  been  numerous  attempts  to  secure 
automatic  and  simultaneous  action,  throughout  the 
cars  of  a  train,  by  power  derived  from  a  single  im- 
pulstt  or  operation.  Room  cannot  be  spared  for 
their  systematic  description,  but  the  following 
patents  may  be  consultea  :  — 

Bessemer  (English)  1841 
Hancock  (English)  1841 
Nasmyth  (English)  1839 
Petit      .  1840 

Birch  .     1840 

Carr  (English)  1841 
Walber  .  .  1852 
Fuller    .  1859 

Sickels  .  .  1857 
Cuney  .  .  1855 
Goodale  .  .  1865 
Peddle  .  1867 

Car-buffer.  {Railway.)  A  fender  between  cars. 
In  the  English  practice,  the  ends  of  the  car-frames 
carry  elastic  cushions,  or  buffer-heads  with  springs. 
In  our  practice  the  spring  is  usually  behind  the  draw- 
bar.   See  Buffer. 

Car-btunp'er.  An  elastic  arrangement  to  lessen 
the  jerk  incident  to  the  contact  of  colliding  care  as 
the  rate  of  speed  is  slackened.    See  Buffer. 

CarHbu-ret'or.  An  apparatus  through  which  coal- 
gas,  hydrogen,  or  air  is  passed  through  or  over  a 
UQuid  hydrocarbon,  to  increase  or  confer  the  illu- 
mmating  power.  They  may  be  said  to  be  of  two 
kinds,  uiough  the  purpose  difTera  rather  than  the 
construction :  — 

1.  For  enriching  gas. 

2.  For  carbureting  air. 

The  former  of  the  two  was  the  primary  idea  ;  the 
latter  was  suggested  as  the  matter  was  developed. 

By  carbureting  the  gas  you  may  use  poorer  coal. 
Bituminous  coal  gives  off  different  gases,  according 
to  the  quality  of  the  coal  and  the  way  it  is  distilled, 
and  gives  off  different  qualities  of  gas  at  different 
stages  of  the  process  of  distillation.  The  value  of 
the  gas  as  a  lighting  medium  depends  upon  the 
quantity  of  volatile  hydrocarbons;  and  the  object 
of  pajssin^  it  through  the  benzole  of  coal-tar  or  the 
volatile  oils  derived  from  petroleum  is  to  enrich  the 
gas  by  the  addition  of  hyarocarbou  vapora.  Where 
city  gas  is  not  available,  air  mav  be  carbureted,  that 
is,  saturated  with  the  inflammable  vapor,  by  passing 
it  through  the  liquid.  There  are  many  difficulties 
in  perfectly  accomplishing  the  carbureting  of  air  or 
gas:  — 

1.  The  hydrocarbon  vaporizes  more  readily  in 
warm  weather  than  in  cold,  so  that  the  degree  of 
saturation  depends  in  part  upon  the  temi)erature  of 
the  weather. 

2.  The  liquids  used  for  carbureting  air  are  not 
homogeneous,  but  are  a  mixture  of  liquids  of  various 
volatility ;  after  charging  the  carburetor,  the  lighter 
will  pass  off  first  and  leave  a  heavier  and  less  vola- 
tile residuum. 


3.  The  amount  of  vapor  taken  up  will  depend  upon 
the  speed  with  which  tne  air  passes  througn  the  car- 
buretor ;  so  that,  when  the  number  of  bumera  is  va- 
ried, a  certain  change  follows  in  the  quality  of  the 
gas. 

4.  The  material  is  very  inflammable,  and  leaks  oi 
the  liquid  or  the  vapor  are  dangerous,  requiring  spe- 
cial provisions  for  safety  and  the  attention  to  char- 
ging by  daylight. 

5.  The  chief  difficulty  arises  from  the  fact  that 
the  volatilization  of  the  hydrocarbon  is  affected  by 
the  intense  cold  produced  by  the  evaporation  of  the 
liquid. 

The  working  up  of  the  coal-tar  oils  preceded  the 
discovery  of  petroleum  in  commercial  quantities. 

The  primary  idea  was  to  foree  the  gas  through 
the  liquid. 

Carburetore  of  gas  may  be  defined  as  those  in 
which  material  rich  in  carbon  is  added  to  the  usual 
charge  of  coal  in  the  retort. 

Those  in  which  a  liquid  hydrocarbon  is  evapo- 
rated by  the  heat  of  the  burner,  and  mingles  with  the 
usual  carbureted  hydrogen  gas. 

Those  in  which  the  ^  is  exposed  at  atmospheric 
temperature  to  the  liquid  hydrocarbon,  so  as  to 
exhale  from  the  latter  a  vapor  which  pa.sses  with 
the  usual  gas  to  the  burner. 

Lowe,  in  England  (English  patent  6,276,  June  9, 
1832),  was  for  enriching  the  commercial  carburetni 
hydrogen  by  filling  the  meter  with  coal-tar  naphtha 
instead  of  water,  the  meter-wheel  being  driven  bj 
the  force  of  the  gas  from  the  main.  The  nnifonn 
hight  of  the  liquid  in  the  meter  was  secured  by  a 
fountain  arrangement  such  as  is  used  in  lamps,  ink- 
stands, mucilagc-cups,  and  binl-glasses.  He  sub- 
sequently applied  (No.  8,888  of  March  16,  1841) 
power  to  turn  the  meter-wheel.  He  also  proposed 
to  pass  the  gas  through  sponf^e,  or  other  animal  or 
vegetable  stuff  or  fiber,  the  said  matter  being  from 
time  to  time  saturated  with  naphtha.  Also  to  ex- 
pose the  result  to  a  caustic  alk^,  to  remove  the 
sulphur,  and  to  an  acid,  to  absorb  the  ammonia. 

He  also  arranged  a  number  of  troughs  one  over 
another  in  a  box  ;  these  dischai;^  into  each  other 
by  overflow  tubes ;  air  is  admitted  below,  sweeps 
over  the  surfaces  of  the  liquid  in  the  successive 
troughs,  and  posses  out  at  the  top. 

Also  a  box  having  vertical  partitions,  with 
sponges,  fragments  of  pumice-stone,  or  coke  impreg- 
nated with  naphtha,  in  the  compartments,  throu^ 
which  the  gas  passes  in  succession,  up  and  down, 
and  so  on  throughout  the  series. 

Selligue,  1834,  carbureted  hydrogen  gas  produced 
by  the  decomposition  of  water,  and  afterwards  en- 
riched the  products  of  destructive  distillation  oi 
wood,  resins,  oils,  etc. 

This  idea  was  afterwards  followed  out  by  a  num- 
ber of  inventore. 

C.  B.  Mansfield,  who  obtained  on  English  patent 
(No.  11,960,  November  11,  1847),  gave  a  stimulus 
to  the  business  by  the  production  of  a  suitable  liquid. 
He  did  as  much,  apparently,  as  could  be  done  with 
coal-tar  benzole,  and  died  from  the  effects  of  an  ex- 
plosion of  the  saturated  air. 

Drake,  1863,  revolved  a  porous  material,  to  expose 
a  saturated  surface  to  a  blast  of  air. 

Adams  had  a  series  of  overflow  pans  somewhat  as 
in  the  cut  (Fig.  1104).  The  air  is  driven  by  the 
rotary  fan  in  the  chamber  below,  through  the  central 
vertical  pipe  to  the  upper  chamber,  from  whence 
it  passes  in  a  circuitous,  reverting,  downward 
course,  in  contact  with  the  hydrocarbon  liquid  in 
the  successive  trays,  and  thereby  becomes  imjNr^- 
nated  with  vapor. 
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Lecarriere,  in  France,  in  February,  1853,  began  by 
carbureting  hydrogen  produced  by  the  decomposition 
of  water  in  the  presence  of  zinc  and  acid,  and  then 
.passed  to  the  carbureting  of  air.  He  employed  a 
number  of  cylinders  in  a  box,  making  a  sinuous  course 
for  tiiegas,  which  entersatthe  middle,  passesdownand 
out  through  small  holes  into  the  second  cylinder, 
and  so  on.     He  also  introduced  a  regulating-float. 

Marchesson,  in  185S,  had  an  upper  supi)ly-ve8sel 
with  a  lower  chamber,  containing  a  conduit  of  spi- 
ral form,  divided  by  partitions  into  chambers  pro- 
rided  with  absorbents,  and  which  communicate  by 
holes.  A  variation  of  this  was  an  Archimedean 
screw  moved  by  the  gas,  which  was  enriched  by  the 
vaporized  liquid. 

Launay,  1856,  used  cotton  wicks  saturated  with 
oil  by  capillarity,  and  exposing  a  lai^  surface  to  the 
passing  gas. 

Veique,  1857,  has  a  closed  cylindrical  chamber, 
with  inlet  and  outlet  pipes  for  tne  gas,  and  a  revolv- 
ing helix  of  wires  or  a  helical  frame  with  wide-meshed 
cloth. 

Yarmaique,  1858,  has  a  siphon  arrangement  for 
the  supply  of  an  upper  chamoer,  which  discharges 
by  a  pipe  at  the  bottom  of  the  lower  chamber  ;  the 
gaspasses  through  the  chambers. 

Vesian,  1858,  introduced  the  float  operating 
the  valve  of  the  admission  pipe  for  the  liquid. 

Martin,  1858,  added  a  lamp,  to  expedite  the 
vaporization. 

David,  in  1859,  used  a  bulb  of  displacement,  to 
preserve  a  constant  level,  instead  of  an  automatic 
valve  of  admission  ;  and  this  was  so  arranged  as 
to  maintain  a  uniform  hight,  although  the  liquid 
varied  in  density  as  evaporation  proceeded. 

Aahcroft,  1857,  had  a  float  to  govern  the  in- 
ffress  of  air,  and  cause  it  to  pass  through  a  uni- 
form depth  of  liquid. 

Levi  L.  HiU,  1859,  reissued  1863,  modified  the 
richness  by  inlet  of  air,  and  had  a  double  bellows 
for  equable  blast. 

F.  S.  Pease  had  a  separate  tube  to  condense 
an  excess  of  liquid. 

Lowback,  1860,  heated  the  air. 
.    Matters  remained  in  this  condition  until  the 


discovery  of  petroleum  ;  the  first  notice  of  petroleum 
benzine  was  in  a  Boston  paper,  September,  1860. 

John  A.  Bassett,  by  patent  March  2,  1862,  devel- 
oped the  use  of  the  }>etroleum  liquid^  which  nves 
tne  carburetor  its  practical  value,  the  gas-tar  products 
being  exnensive  and  diflicult  to  manage. 

Levi  Stevens,  December  20,  1864,  passed  the  air 
through  a  shower  of  the  liquid,  which  was  dropped 
into  the  vaporizer  in  measured  quantities. 

Irwin  introduced  a  feature  (April  11, 1865)  found- 
ed on  the  fact  that  the  hydrocaiT>on  vapor  confen-ed 
greater  sravity  upon  the  air,  so  that  the  weight  of 
the  carbureted  air  forced  itself  to  the  burner  and 
dispensed  with  a  blowing  apparatus.  He  also  used 
a  caloric  engine  to  produce  a  motive-power  to  gener- 
ate a  blast  of  air,  and  the  escaping  heated  air  was 
carbureted. 

Boynton,    1865,    dis-  Kg.  1106. 

pensed  with  moving  ma- 
chinery in  the  chamber,  J. 
by  making  a  plain  me-  [ 
tallic  box  with  a  fibrous 
material  inside,  through  ^ 
which    air  was    forcM.  [ 
He  also  mixed  the  ben- 
zoles of  gas-tar  and  pe-  [ 
troleum. 

Myer,  1865,  washed 
the  carbureted  air,  to  re- 
move extraneous  matters. 

Pease,  1865,  injected 
air  at  the  lower  portion 
of  the  carburetor,  caus- 
ing it  to  ascend  through 
fluid  in  contact  with  the  ' 
lower  surfaces  of  a  series  Ptase's  Carburetor. 

of  inclined  planes  with 

flanged  edges  and  ends,  passing  from  one  incline  to 
anotner  in  a  zigzag  upward  course  into  the  chamber, 
from  whence  it  is  witndrawn  for  use. 

After  this  the  inventions  became  very  numerous, 
having  reference  mainly  to  detail :  to  regulate  the 
admission  of  air,  the  egress  of  carbureted  air,  the 
graduation  of  the  quantity  of  li(|uid  admitted,  a 
forced  circulation  in  the  carbureting  chamber ;  to 
regulate  the  temperature  of  the  liauid,  the  air,  and 
the  result ;  means  for  drawing  ofi"  tne  heavy  oil. 

As  means  of  forcing  the  air  :  — 

Ba.ssett  and  McAvoy  use  the  weighted  gas-holder, 
the  inverted  cylinder  whose  lower  edge  is  immersed 
in  the  water  of  an  annular  chamber. 

Prichard  forced  the  air  by  water  under  pressure, 
admitted  below  to  expel  the  air  from  tlie  chamber. 

Douglas's  has  a  rotary  fan. 

Levi  Stevens's  has  a  meter-wheel,  whose  shaft  has 

FlK.  11C6. 
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its  bearing  below  the  center  of  the  partition  dividing 
the  meter  and  regulation  chambers,  and  ffears  with 
awheel  on  the  regulator-shaft,  which  has' a  bearing  at 
the  center  of  the  partition.  Both  chambers  are  par- 
tially filled  with  carbureting  liquid.  Air  is  intro- 
duced to  the  top  of  the  meter-chamber.  As  the  air 
is  carbureted  it  is  conducted  to  the  regulating-appa- 
ratus. 

Car-cab.  (Railway,)  The  shelter  on  a  loco- 
motive for  the  protection  of  the  engineer  and  stoker. 

Car'caas.  1.  {Architecture.)  The  naked  shell 
of  a  house,  sides  and  roof  without  floors,  joiner's 
work,  or  plastering. 

2.  {Shiptcrighiing.)  The  keel,  keelson,  stem  and 
stem  posts,  and  ribe  of  a  ship. 

3.  {OrdjiaTiee.)  An  incendiary  projectile  filled 
with  a  composition  of  saltpeter,  sulphur,  resin,  tur- 
pentine, antimony,  and  tallow.  It  has  three  vents 
for  the  flame,  and  sometimes  pistol-barrels  arranged 
to  dischar^  occasionally.  It  is  discharged  from  a 
mortar  or  nowitzer,  and  is  intended  to  set  fire  to. 
buildings,  ships,  or  wooden  defenses. 

Car'oass-roofing.  (Carpentry.)  That  which 
supports  the  covering  by  a  grated  frame  of  timber- 
work. 

Car'oassHUiw.  A  kind  of  tenon-saw.  The  blade 
is  strengthened  by  a  metallic  backing,  which  is  bent 
over,  and  closed  upon  it  with  a  hammer.  It  has 
eleven  teeth  to  the  mch. 

Car'oel-4a]np.  A  lamp  of  French  orisin,  in 
which  the  oil  is  raised  to  the  wick  by  clockwork. 
A  mechanical  lamp,  used  in  lighthouses,  where  the 
wick  is  overflowed  with  oil  as  a  measure  of  equality 
of  supply  and  of  safety  to  prevent  overheating  of  the 
wick  and  wick-tube.    See  Mechanical  Lamp. 

Car-oouoh.  A  chair  which  may  be  converted 
into  a  lounge  for  night-traveling. 

A  bunk  or  lounge  in  a  sleeping-car,  made  up  of 
two  opposite  seats  with  an  intervening  bridge-piece, 
or  of  a  shelf  let  down  from  above. 

Car-ooupllng.  (2iailway. )  A  device  for  con-, 
necting  the  cars  in  a  train. 

In  the  United  States  this  is  usually  a  form  of 
shackle,  but  in  Europe  the  connection  is  more  in- 
timate, the  cars  being  coupled  together  so  firmly  as 
to  prevent  the  jar  as  the  cars  collide  or  jerk  apart  in 
stopping  and  starting.  This  mode  of  coupling  is 
also  found  in  many  United  States  railways,  especudly 
where  the  steam  or  air  brakes  throughout  the  train 
are  operated  by  the  engineer. 

The  English  car-coupling  (Fig.  1107,  A)is  s,  right 
and  left  screw-shackle,  a  on  me  median  line  mak- 
ing a  connection  sufficiently  rigid  to  somewhat 
compress  the  buffers  b  b  on  each  side.  In  some  cases 
the  buffers  of  adjoining  cars  are  connected  by  chains, 
and  their  rods  act  as  pistons  in  tubes  provided  with 
springs ;  the  care  are  thus  coupled  by  the  buffers. 
The  draw-bar  d  of  the  coupling  is  connected  to  an 
elliptic  spring  e,  wliich  diminishes  the  jerk  of  the 
cars  when  starting  the  train. 

Some  of  these  futures  are  also  found  in  B,  which 
is  an  old  form  of  United  States  coupling  with  buf- 
fers, copied  from  the  English,  from  whence  we  early 
received  our  railway  engines  and  cars.  The  drift  is 
now  the  other  way  across  the  Atlantic. 

C  C  are  respectively  plan  and  elevation  of  the 
Miller  coupling,  which  connects  automatically  as 
the  respective  point-headed  hooks  come  in  collision. 
A  sufficient  amount  of  lateral  play  is  allowed  to  the 
hooks  a  a  to  allow  the  wedge-shaped  surfaces  to 
slip  past  each  other,  and  springs  6  6  at  the  rear  of 
each  Keep  them  in  engagement  when  once  connected. 
Special  means  are  used  to  withdraw  the  hooks  from 
each  other  when  they  are  to  be  uncoupled.     The 


Fig.  1107. 
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lower  view,  C*,  shows  the  mode  of  engagement  less 
clearly,  but  exhibits  also  the  spring  buffers  c,  above 
the  hooks,  which  act  as  fenders  to  the  cars,  and  deaden 
the  blow  as  the  cars  sun;e  against  each  other  in 
checking  the  speed  of  the  train.  The  coupling- 
hooks  themselves  have  also  springs  d  for  the  same 
purpose. 

In  Fig.  1108,  Z>  is  a  falling  latch-hook. 

E  has  a  gravitating  hook  a,  with  a  spring  which 
allows  it  to  yield  to  the  thrust  of  the  entering  link  h 
in  the  act  of  conpline.  On  the  back  of  the  hook  a 
is  a  handle  e,  which  is  lifted  to  uncouple  the  link. 

F  has  a  verticallv  sliding  bolt,  which  rises  auto- 
matically as  the  link  collides  with  its  lower  inclined 
portion  when  coupling,  and  then  falls  down  into  en- 
gagement. 

Q  shows  a  pair  of  draw-heads  in  which  the  tum- 
bling-latch a  holds  up  the  pin  until  thrust  back  by 
the  entering  link.  The  pin  &,  when  fixed  for  auto- 
matic coupling,  rests  on  the  toe  of  the  latch,  as  in 
the  left-hand  draw-head  ;  the  link  pushes  back  the 
latch  and  allows  the  pin  to  drop  from  the  toe,  as  in 
the  right  draw-head. 

jy  5*  are  two  draw-heads,  showing  the  respective 
positions  of  the  uncoupled  arid  coupled  pins  a  a.  In 
the  former,  the  left  of^  the  figure,  the  pm  a  rests  on 
a  sliding  latch,  which  will  give  way  before  the  thrust 
of  the  link  rf,—  a  result  already  accomplished  in  iT, 
the  right-hand  figure. 

I  r  axe  two  matching  draw-heads,  corresponding 
in  essential  respects  with  the  one  just  described ; 
sliding  pistons  nolding  up  the  link  and  retiring  be- 
fore the  thrust  of  the  entering  link. 
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A  plate  to  hold  the  pro- 
"  slid- 


J  has  a  double  feature, 
jecting  link  a  in  coupling  position,  and  a  small  sli 
ing'latch  h  above,  to  nold  the  coupling-pin  c,  which 
is  dropped,  when  the  draw-heads  come  into  actual  col- 
lision and  thrust  in  the  latch. 

K  has  a  bell  a,  which  holds  up  the  pin,  and  rolls 
away  before  the  thrust  of  the  link  (,  allowing  the 
pin  to  drop. 

In  Fig.  1109  L  has  the  arrow-head  bolt  &,  which 
is  a  substitute  for  the  usual  link,  and  is  grasped  be- 
tween the  pair  of  jaws  a  a,  which  spring  apart  to  re- 
ceive it.  The  arrow-head  form  of  couphng  has  many 
variations,  which  principally  concern  tiie  modes  of 
retention. 

M  has  a  bar  with  two  slots  instead  of  two  heads, 
the  bar  being  shown  separately  at  tti.  As  the  end  of 
the  bar  m  enters  the  araw-head,  it  thrusts  up  the 
gravitating-latch,  which  immediately  falls  into  the 
dot  of  the  bar.'  To  uncouple  the  link,  the  latch  is 
lifted  by  a  lever  above. 


Fig.  HOB. 


Cfay^  Orapfififfs. 


iV  is  a  plan  view  of  a  coupling  in  which  each  draw- 
head  has  a  link  which  couples  over  a  horn  on  the 
corresponding  draw-head  of  the  other  car.  A  pin' in 
each  case  prevents  accidental  disengagement. 

0  is  an  elevation  of  a  pair  of  draw-neads,  each  of 
which  has  a  link  which  may  be  coupled  over  a  horn 
on  the  other. 

P  has  a  two-homed  tumbler,  one  of  which  carries 
a  link  a  which  may  be  the  means  of  coupling  to  a 
corresponding  draw-head,  and  the  other  forms  a  latch 
for  a  Unk  ai  proceeding  from  the  other  draw-head. 

Kendall's  £nglish  patent,  April  17,  1841,  de- 
scribes an  elastic  coupling  whicn  retains  its  hold 
while  the  pull  is  direct  and  becomes  detached  when 
the  puU  is  oblique,  by  reason  of  one  of  the  carriages 
leaving  the  track,  lliis  feature  has  formed  the  sub- 
ject of  many  United  States  mtents. 

Card.  1.  (CoUan  and  Wool  Manufactwre,)  a. 
An  instnmient  for  combing  wool,  flax,  or  cotton,  to 
disentangle  or  tear  apart  the  tussocks  and  lay  the 
fibers  parallel  in  order  for  spinning. 

The  work  is  analogous  in  some  of  its  effects  to 
that  of  hackling,  in  which  flax  for  the  distaff  is 
brought  into  a  condition  for  being  drawn  out  by 
the  hand,  in  the  old  modes  of  spinning.  With 
cards  and  in  the  carding-machine  shorter  fiber  is 
operated  upon  than  in  the  case  of  hemp  or  long  flax, 
of  which  a  hank  is  taken  and  switched  down  upon 
the  teeth  of  the  hackle. 

A  card  is  a  wire  brush  in  which  the  teeth  are  in- 
serted obliquely  through  a  piece  of  leather,  or  of 
cotton,  linen,  or  india-rubber,  which  is  then  nailed 
to  a  wooden  back. 

With  hand-cards,  they  were  operated  by  drawing 
them  past  each  other,  so  as  to  disentangle  the  bunches 
of  fiber  and  lay  the  filaments  straight.  A  similar 
effect  is  produced  in  the  carding-machine  (which 
see),  but  the  opposing  cards  are  upon  a  large  re- 
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volving-cylinder,  and  a  number  of  circun^jacent 
wire  rollers  and  flat  cards. 

The  leather  or  other  material  to  be  famished  with 
teeth  la  pierced  with  numerous  holes,  in  which  areflxed 
bent  pieces  of  hard  drawn  wire  called  deiUs  or  teeth. 

Each  piece  is  first  beut  at  right  angles  at  a  and  b, 
and  afterwards  a  second  bend  at  c  6^  at  an  obtuse 
angle,  which  must  be  invariable  for  the  same  set  of 


Fig.  1110. 


cards.  Strict  uniformity  is  necessary  as  to  the  size, 
shape,  obliquity,  and  length  of  the  teeth,  and  also 
in  tJie  angle  which  they  bear  to  the  cylindrical  sur* 
face  around  which  they  are  placed. 

The  action  of  the  cards  is  as  follows  :  — 

If  the  two  cards  A  and  B  be  moved  in  opposite 
directions  with  a  tangled  tuft*  of  cotton- wool  be- 
tween them,  the  fibers  will  be  seized  by  all  the 
teeth,  one  card  pulling  them  one  way  and  the  other 
pulling  them  the  other,  until,  by  repeated  ap- 
plications of  the  cards,  the  libers  are  disentangled 
and  laid  in  parallel  lines,  each  card  taking  up  and 
retaining  a  portion  of  the  cotton.  All  the  cotton 
may  be  gathered  on  one  card  by  reversing  the  posi- 
tion of  the  two  and  placing  them  as  when,  by  draw- 
ing the  upper  canT  C  over  the  lower  one  D,  the 
teeth  of  the  lower  one  offer  no  resistance,  but  give 
up  their  cotton  to  the  upper  card. 

Just  as  by  the  persistence  of  application  of  the 
hand-card  the  bunch  of  cotton  is  at  last  reduced  to 
order,  so  in  the  carding-machine  the  operation  is 
repeated  between  a  oentral  carded  cylinder,  and 
several  carded  rollers  and  flat  cards,  so  arranged  as 
to  return  imperfectly  reduced  knots  again  and  again 
to  the  main  cylinder.     See  Cardino-machinb. 

Cards  are  distin^ished  by  quality,  the  form  of 
the  backing,  or  position  ;  as,  — 

Sheet-ca/rd  or  card-sheet, 

Fillet'Cardf  in  form  of  a  ribbon. 

Breakirig-card,  Finishing-card. 

Top-card;  top-flat. 

b.  A  sliver  of  fiber  from  a  carding-machine. 

Oardings  or  rolls  are  delivered  of  the  length  of 
the  card-roller,  the  clothing  on  which  is  in  longitu- 
dinal strips.    See  Rollkr-bowl  ;  Carding. 

2.  (Menaqe.)  A  currying- tool  formed  of  a  piece 
of  canl-clotning  mounted  on  a  back  with  a  handle, 
and  used  as  a  substitute  for  a  curry-comb. 

8.  (Weaving.)  One  of  the  perforated  pasteboards 
or  sheet-metal  plates  in  the  Jacquard  at&chment  to 
looms  for  weaving  figured  fabrics.  Each  perforation 
represents  a  warp-thread  which  is  to  be  lifted,  and 
there  are  as  many  cards  as  there  are  weft-theads  in 
a  single  occurrence  of  the  pattern.  The  cards  are 
presented  consecutively  by  a  revolving  perforated 
bar.    See  Jaoquard  Loom. 

4.  {NatUieal.)  (Prom  cardinal.)  The  dial  or  face 
of  the  mariner's  compass,  in  which  the  needle  and 
dial  rotate  together. 


"Reason  the  card,  but  passion  is  the  g^.**  — 
Pope. 

It  is  marked  with  the  compass-points'  These 
points  or  rhumbs  are  32  in  number :  the  angle  com- 
prehended between  two  points  is  11   15'. 

5.  A  pasteboard.  A  thick  paper  sheet  made  up 
of  several  layers. 

6.  A  pasteboard  cut  to  a  size  and  marked  for  a 
game.  The  playing-cards  are  in  four  suits  of  thir- 
teen each. 

Cards  are  colored  by  stenciling,  an  art  older  in 
Europe  than  that  of  printing  by  relief-blocks.  The 
common  cards  of  one  color,  red  or  black,  are  called 
pips;  the  court  cards,  of  many  colors,  ai-e  tUes.  The  art 
of  stenciling  as  a  mode  of  laying  out  ornamental  de- 
signs for  carving,  frescoing,  and  repetitive  orna- 
mentation is  very  ancient. 

Chatto,  in  his  "Origin  and  History  of  Playing- 
Cards,"  London,  1848,  says  that  the  earliest  play- 
ing-cards which  he  has  haid  an  opportunity  of  exam- 
ining were  evidently  stenciled,  and  of  the  date 
of  1440.  Stenciling  cards  was  quite  a  business  at 
Nuremberg,  1433-77,  as  appears  oy  the  town  books. 
Chatto  regards  cards  as  an  Eastern  invention,  and 
supposes  that  they  became  known  in  Europe  as  a 
popular  game  between  1860  and  1890.  Covelluzzo, 
an  Italian  chronicler  of  the  fifteenth  centuir,  rays 
they  were  brought  to  Viterbo  in  1379.  Charles  VI. 
used  them  1393,  and  thereafter  laws  and  commercial 
notices  and  restrictions  give  evidence  that  they  were 
very  common. 

"There  is  a  great  deal  of  time  lost  in  playing 
cards,"  said  a  moralizing  gentleman.  "Yes,*'  said 
a  lady  devotee,  "in  shuffling  and  cutting.  But 
then,  how  is  it  to  be  avoided  ?  '  Lady  Spencer  .may 
have  been  one  of  the  parties  conversing,  and  Mark 
Isambard  Brunei,  the  philosopher,  another.  This 
talented  mechanician,  at  all  events,  did  invent  a 
machine  for  shuffling  and  cutting  playing-cards 
without  the  aid  of  the  fingers,  and  did  so  at  a  play- 
ful request  of  Lady  Spencer. 

Mr.  Bnnjel's  talent  was  most  versatile.  He  con- 
structed the  Thames  Tunnel ;  the  block-making 
machinery  of  the  Portsmouth  (England)  Dockyard  ; 
a  theater  in  New  York  ;  a  canal  in  New  York 
State ;  the  harbor  defenses  of  New  York ;  veneer- 
saws  ;  shoe-making  machinery ;  nail-making  ma- 
chines ;  paper-ruling  machines ;  machines  for  twist- 
ing, measuring,  and  forming  sewing-cotton  into 
hanks ;  a  hydraulic  packing-press ;  improvements 
in  suspension  bridges,  building  arches  without 
centering,  steamboats,  gas-engines,  etc.  His  son, 
Isambard  Kingdom  Brunei,  was  the  engineer  of  the 
Great  Western  Railway,  of  England,  and  the  de- 
signer of  the  Great  Eastern  steam-ship. 

Cards  are  interesting  in  the  history  of  the  arts  as 
being  among  the  earliest  subjects  of  the  printing 
process.    See  Printing. 

With  the  games  this  work  has  nothing  to  do, 
and  perhaps,  but  for  M.  I.  Brunei,  the  subject 
would  not  have  been  referred  to  here. 

A  good  article  on  the  subject  of  cards  and  dice 
may  be  consulted  in  Harper's  Magazine,  YoL  XXVI., 
pp.  168-176. 

Card'board.  Cardboard  is  produced  by  ] 
a  number  of  sheets  of  paper  together, 
board  is  all  white  paper,  and  is  made  of  two  or 
more  sheets  according  to  the  thickness  required. 
Other  qualities  are  made  by  inclosing  common  thick 
paper  between  sheets  of  white  or  colored  papers  of 
the  required  quality. 

A  surface  of  paste  is  given  between  the  contacting 
surfaces  of  the  outside  paper  and  the  filling,  and  a 
pack  of  pasted  boards  are  subjected  to  a  heavy  pn 
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ore,  which  squeezes  out  the  water.  The  card- 
boiurds  are  then  hung  up  in  pairs  to  dry,  and  in  24 
hours  are  ready  for  the  press,  which  renders  them 
perfectly  smooth  and  pohshed. 

The  cardboards  are  made  up  into  a  pack  alter- 
nately with  polished  copper  plates,  and  the  pack  is 
passed  between  a  pair  of  rolU  under  heavy  pressure. 
This  removes  all  inequalities,  vrrinkles,  and  pro- 
tuberances, the  result  being  a  highly  polished  glazed 
surface. 

Card'board-preflB.  A  press  having  a  pair  of 
rolls  adapted  to  be  closed  together  with  great  force, 
and  used  to  smooth  and  polish  sheets  of  card  passed 
there-through. 

Card-oloth'ing.  The  garniture  of  a  carding- 
machine. 

Card-cut'ter.  A  machine  for  reducing  card- 
board to  pieces  of  uniform  and  proper  size  for  cards. 


ng.iui. 


Card-Cutter. 


In  that  shown,  the  paper  is  held  by  the  af^ustable  I 
guge^domp  a,  and  is  cut  by  the  knife  6,  which  is 
elevated  by  the  spring  c  and  connections,  and  de- 
pressed by  hand. 

Card  Qrind'ing-ma-ohine'.  A  machine  hav- 
ing a  rotary  emery-wheel  D  revolving  in  a  central 
position  relatively  to  the  flats  and  card  cylinders, 
which  are  arranged  around  it.  The  grinding  emery- 
wheel  has  longitudinal  reciprocation  on  its  slotted 

Fig  1112. 


Card-GrmiUr, 

shaft  by  an  inclosed  screw  therein,  and  grinds 
simultaneously  two  or  more  top  flats  and  two  or 
more  workers^  strippers,  or  ticker-in  cylinders. 
Each  top  flat  reciprocates  in  a  guide  tangential  to 
the  wheel  by  a  connecting-rod  j&  to  a  crank-pin. 
The  bearings  /  for  the  ends  of  the  flats  and  of  the 
cylinders,  as  at  a;,  are  adjustable  radially  to  the 
ipinding-shaft.     The  cylinders  are  rotated  on  their 


axes  by  bands  tnm  pulley  B  on  the  lo#er  ^aft, 
reaching  to  the  pulleys  on  the  cylinder-shafts,  as 
at/. 

Card'ing.  A  roll  of  wool  as  it  comes  from  the 
carding- machine.  The  doffing^linder  has  longi- 
tudinal bonds  of  canls,  the  wool  on  which  is  re- 
moved by  the  doffitig-kni/e  in  the  form  of  separate 
slivers,  the  length  of  the  doffing-cvlinder.  These- 
slivers  fall  into  a  roUer-bowl,  which  gives  them  a 
slight  rolling  and  compacts  them  into  cardings. 
These  have  but  little  strength,  as  their  fibers  are 
only  held  tocrether  by  being  interlaced.  They  next 
receive  a  slignt  twist  in  the  slubbing-iruickiTU. 

Card'in^Hoia-ohine'.  {Fiber.)  A  machine  con- 
sisting of  a  congeries  of  toothed  cylinders  for  draw- 
ing out  and  placing  in  parallel  line  the  fibers  of 
wool,  cotton,  or  other  staple. 

The  hand-card,  which  preceded  the  cardinr-ma- 
chine,  consisted  of  two  brushes  furnished  with  snort, 
slanting,  wire  teeth,  which  all  pointed  in  one  direc^ 
tion.  The  wires  were  passed  through  leather,  and 
the  leather  was  nailed  to  a  board.  The  brushes 
were  grasped,  one  in  each  hand,  and  drawn  past 
each  other,  so  laying  straight  the  fiber  which  was 
placed  between  them.  The  action  is  explained  under 
Cakd  (which  see). 

in  1748,  Lewis  Paul  patented  two  different  ma- 
chines for  carding.  In  one  of  them  the  cards  are 
arranged  on  a  flat  si^rface,  and  in  the  ojiher  they  are 
arranged  on  the  periphery  of  a  drum.  From  what 
cause  we  know  nq^  tne  invention  seemed  to  have 
no  repute  or  success  at  the  time,  but  came  out  asndn 
twelve  years  afterward  as  the  invention  of  Har- 
greaves,  under  the  auspices  of  Robert  Peel,  of  Bamber 
Bridge,  the  grandfather  of  the  statesman,  Sir  Robert 
Peel.  Haigreaves  fixed  one  of  the  cards  in  a  block 
of  wood,  and  the  other  was  slung  from  hooks  fixed 
in  a  beam.  The  hooks  remained  in  the  kitchen  at 
"  Peel  Fold  "  in  1860,  but  the  cards  were  destroyed 
by  a  mob  who  came  fix>m  Blackburn, — a  part  of  the 
same  wretched  story  of  ignorant  men  opposing  the 
introduction  of  machinery. 

The  same  Robert  Peel,  or  his  son  of  the  same 
name  and  the  father  of  the  statesman,  employed 
Uai^CTeaves  in  1762  to  erect  the  cylinder  carding- 
machines  in  a  mill  at  Blackburn. 

Though  the  carding-machine  was  well  and  efli- 
ciently  constructed  in  the  time  of  Arkwright,  it 
was  not  till  after  several  attempts  by  different  men, 
Paul,  Hanreaves,  and  Arkwnght,  worked  in  such, 
a  manner  uiat  it  is  difficult  now  to  determine  what 
share  each  had  in  the  matter.  It  was  not  till  twenty 
years  after  PauFs  invention  that  the  cylinder  card- 
mg-machine  came  into  extensive  use ;  and  even  then 
it  performed  intermittingly,  and  did  not  yield  a  con- 
tinuous sliver. 

The  cards  were  arranged  on  the  surface  of  the 
drum,  parallel  to  its  axis,  a  space  being  left  between 
each.  The  cotton-wool  was  put  on  by  hand,  and 
when  the  cards  were  full  the  machine  was  stopped, 
the  cardings  taken  off  separately  by  a  movable 
comb,  the.  spaces  between  the  cards  regulating  the 
substance  of  each  carding.  The  cardings  were  then 
joined  end  to  end,  to  nu&e  a  continuous  sliver.  A 
more  systematic  and  equable  mode  of  feeding  was 
adopted  when  a  weighed  quantity  of  cotton  was 
made  to  cover  a  certain  area  of  the  travelling  feed- 
apron,  which  moved  at  an  even  rate  towaras  the 
tnroat  of  the  machine. 

Arkwright  invented  the  plan,  yet  in  use  in  some 
cases,  of  rolling  up  the  feeder  with  the  cotton  spread 
upon  it,  and  allowing  it  gradually  to  unroll  to  feed 
the  cylinder. 

Another  improvement  was  to  obtain  a  continuous 
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sliTer  from  the  cylinder.  This  was  accomplished  by 
the  ixiffir^  but  the  next  ijoint  was  to  get  it  from  the  doff- 
er.  After  many  experiments,  it  appears  that  Ark- 
Wright  hit  upon  the  plan  which  is  m  use  to  the  pres- 
ent time,  the  cratik  and  comb.  It  is  fair  to  say, 
howeyer,  that  the  invention  is  also  claimed  for  Har- 
greaves.  There  seems  to  have  been  a  rivalry  of 
feeling  between  the  two  men,  who  were  each  highly 
meritorious,  and  we  are  much  indebted  to  both.  It 
is  stated  that  Hai^^reaves  obtained  a  sketch  of  it 
from  one  of  Arkwnght's  men.  Not  likely ;  Har- 
greaves  seems  to  have  been  made  of  better  stuif. 

The  comb  is  a  plate  of  metal  toothed  at  the  edge, 
and,  reciprocating  perpendicularly,  detached  the  fleece 
from  the  teeth  by  slight  reiterated  strokes. 

The  action  of  the  machine  is  substantially  similar 
to  that  of  the  hand-cards,  so  far  as  the  functional 
character  is  concerned  ;  but  it  enables  a  number  of 
cards  to  act  upon  a  continuous  lap  and  deliver  con- 
tinuous slivers. 

The  machine  has  a  horizontal  cylinder,  whose  en- 
tire oircumfei'ence  is  covered  with  narrow  fillet-cards 
wound  spirally  around  it,  a  blank  space  intervening 
between  each  fillet,  or  is  covered  with  strips  length- 
wise of  the  cylinder.  The  cylinder  revolves  beneath 
a  concave  shell,  whose  face  is  also  lined  with  cards, 
and  the  teeth  of  each  act  coincidentlv  upon  the 
bunches  of  fiber  to  draw  them  apart  and  lay  the  in- 
dividual fiben  parallel,  as  explained  under  Card. 

The  first  caraing-machines  built  in  America  were 
made  for  Mr.  Orr,  of  East  Bridgewater,  Mass.,  in 
1786. 

The  carding-machine  consists  of  a  number  of  roll- 
ers and  drums,  and  one  large  cylinder  all  clothed 

Fig.  1118. 


Qtrding'Maehine. 

with  eardSf  which  are  so  arranged  as  to  feed,  card, 
doff,  and  deliver.  A  portion  of  the  circumference  of 
the  large  cylinder  A  is  inclosed  by  smaller  toothed 
rollers  D  JS  F  O  ;  theu  succeed  wooden  slats  lying 
lengthwise  of  the  cylinder,  and  supported  by  the 
side  at  such  distance  as  to  allow  the  wire  teeth  to 
come  into  the  required  proximity.  These  slats  are 
called  carcUops,  top-cards,  or  top-JUUs.  Beyond  the 
flats  is  a  toothed  drum  L,  called  a  doffer,  from  whence 
the  fleece  is  removed  by  the  doffing-knife  ;  the  wide 
ribbon  is  then  gathered  in  a  thimble,  consolidated 
by  iron  rollers,  and  delivered  into  a  can. 

The  operation  is  as  follows  :  — 

The  lap-cylinder  is  placed  in  the  bearings  /,  and 
rests  on  the  roller  K;  the  end  h  of  the  lap  is  brought 
to  the  rollers  by  which  it  is  presented  to  the  toothed 
drum  Z),  which  draws  the  cotton  into  the  machine, 
and  is  called  the  licker-in.  The  filaments  thus  torn 
from  the  end  of  the  lap  are  immediately  seized  by  the 
large  cylinder  A,  which  revolves  at  a  much  higher 
speed,  and  are  teased  out  by  the  teeth  of  the  second 
roller  E,  which  moves  more  slowly  than  D,  and  picks 
the  knots  off  the  cylinder.  These  knots  are  carried 
round  by  E  and  are  caught  by  D,  which  presents 


them  again  to  E  aloug  with  fresh  material  from  the 
lap.  This  is  the  first  round  which  the  knots  take, 
but  several  more  are  in  store  for  them  if  they  are 
obdurate  or  if  they  escape  the  first  attack. 

The  tufts  or  luiots  which  pass  the  first  pair  of 
rollers  D  E  are  arrested  by  the  fourth  roller  G,  which 
is  placed  closer  to  the  cylinder  A,  and  moves  with 
the  same  speed  as  E.  The  knots  caught  by  G  are 
teased  out  by  F^  and  returned  to  the  cylinder  A^  and 
may  be  again  caught  by  G^  if  they  exist. 

rassing  the  combination  of  rollers,  the  fibers  are 
next  brought  into  contact  with  the  cards  of  the  top 
fiatSy  which  arrest  knots  and  hold  them  till  the  en- 
tanglement is  removed,  or  till  the  flat  is  taken  out 
and  cleaned,  which  is  occasionally  done. 

After  all  these  obstacles  have  been  passed,  the  fila- 
ments lie  in  parallel  rows  among  the  teeth  of  tlie 
cylinder  card,  and  are  removed  therefrom  by  the 
doffer  Z,  which  is  covered  with  a  spiral  fillet  of 
cards,  revolving  at  a  much  slower  rate  than  the 
cylinder  and  in  a  different  direction.  The  fine 
fleece  thus  stripped  from  the  cylinder  by  the  doffsr 
is  removed  from  the  latter  by  a  vertically  reciprocat- 
ing comb,  called  the  doffer-knife,  which  has  a  rapid 
vertical  motion  tangentially  to  the  points  of  the 
teeth.  A  fine  fleece  the  whole  length  of  the  cylin- 
der is  thus  obtained,  and  is  gathered  up  into  a  rib- 
bon, and  passed  in  at  the  funnel,  whence  it  passes 
to  three  consecutive  pairs  of  condensing  rollers,  which, 
revolving  at  a  relatively  (greater  velocity  as  the  sliver 
proceeds,  slightly  draw  it,  and  tend  to  parallelize 
the  fibers.  It  thence  passes  as  a  light,  downy,  cohe- 
rent sliver  into  the  can,  in  which  it  is  transported 
to  the  throstle,  dotibler,  or  bobbin  and  fly  frame,  as 
the  case  may  be. 

For  fine  spinning,  the  operation  is  repeated,  the 
first  machine  being  called  a  breaker-card  and  the 
second  &  finishing-card. 

For  the  preparation  of  fine  yams,  the  cards  have 
closer  set  wires  than  is  necessary  for  ordinary  or 
coarse  work. 

The  carding-machine  as  just  described  is  par- 
ticularly adapted  for  cotton,  but  does  not  differ  ma- 
terially from  the  wool-carding  machine. 

There  are  some  adjuncts  to  the  latter,  however, 
which  have  no  place  in  the  cotton-carding  machines. 
Among    these 

are  the  devices  ^-  HI*, 

foroilingwool, 
which  is  neces- 
sary to  keep 
the  fibers  loose 
and  prevent 
theirbecoming 
felted. 

The  wool' 
oiling  machin- 
ery for  card- 
ing -  machines 
has  a  dripping 
oil-tank  wnich 
has  a  trans- 
verse and  ro- 
tary motion 
above  the  feed- 
apron  of  the 
machine,  so  as 
to  drop  oil  up- 
on the  wool  as 
it  proceeds  to- 
wards the  card. 

The  transverse  motion  is  given  by  a  crank  and 
pitman,  and  the  reciprocating  rotary  by  a  toothed 
wheel  acting  against  the  edge  of  the  trough. 
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The  wool  carding-machine  has  a  large  cylinder 
surmounted  by  onaller  ones  called  urchins,  which 
work  in  pairs,  and  are  called  toorkers  and  deaners. 
These  act  in  succession  to  remove  knots  and  tangles 
from  the  main  drum,  and  return  the  fiber  to  the 
latter  acain  to  undeigo  the  action  of  the  next  set,  if 
still  obaurate. 

In  the  feeder  shown  in  Fig.  1115,  the  material 
thrown  into  the  box  A  is  carried  forward  and  upward 
by  the  aprons  B  C  F  to  the  feed-rolls  H.     w  is  a 
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Cktrding-Maehine  Feeder. 

picker-roll,  which  serves  to  prevent  the  fan  D  from 
becoming  fouled,  and  also  to  prevent  flocks  of  wool 
from  passing  unopened  between  the  plate  /  and 
apron  F,  The  fan  D  blows  the  wool  into  the  pas- 
saffe  ^,  whence  it  passes  to  the  carding-machine. 

The  vafious  rollers  in  a  carding-machine  are 
known  by  names  which  indicate  their  functions,  — 
or  perhaps  we  may  say  appearance,  in  one  case. 

Feeding-rollers.  Urchins. 

Distributing-rollers.  Clearers. 

Workers.  Doffers. 

Strippers.  Fly-rollers. 

The  material  which  went  in  as  a  lap  comes  out 
as  a  fleece  or  as  slivers. 

Car'do.  A  pivot  and  socket ;  an  apparatus  by 
means  of  which  the  doors  of  the  ancients  were  fixed 
in  their  places,  and  made  to  revolve  in  opening  and 
shutting. 

Car-<loor  Lock.  For  railway-cars  ;  one  with 
a  latch  opened  by  a  key  from  either  side. 

Card-press.  {Printing.)  A  small  press  adapted 
for  printing  cards,  etc.  A  preferred  form  hte  an 
inclined  bed,  for  convenience  of  feeding ;  the  im- 
pression is  given  by  a  cam,  and  is  regulated  by 
means  of  platen  screws.  The  press  has  adjustable 
feed-guides,  a  large  distributing-cylinder,  two  ink- 
ing-rollers,  a  card  rack  and  receiver,  and  is  capable 
of  making  from  1,000  to  2,000  impressions  per  hour. 

CardHMt'ting  Ma-ohlne'.  A  machine  for  set- 
ting the  bent  wire  teeth  (dents)  in  the  bands  or  fillets 
of  leather,  or  alternate  layers  of  cotton,  linen,  and 
india-rubber,  which  form  the  backing  of  the  wire 
brush  of  the  cardinf^-machine. 

For  the  card-setting  machine  the  leather  is  first 
prepared  by  a  planing-machine,  which  cuts  it  into 
fillets,  which  are  then  stretched  and  pared  to  an 
even  thickness.  This  is  wound  upon  a  roller  and 
fed  to  the  machine,  where  it  is  held  by  a  clamp 
while  the  wires  are  inserted.  These  are  containea 
in  a  drum  at  the  side.  Two  prickers  advance  and 
make  holes  through  the  leatner ;  a  pair  of  sliding 
pinchers  seize  the  wire,  and  wind  off*  from  the  drum 
a  length  sufficient  for  a  tooth  ;  a  steel  tongue  holds 
this  piece  by  the  middle  while  it  is  cut  off.  Steel 
fingers  bend  it,  and  csLTvy  it  forward  to  the  holes 


made  by  the  prickers.  Pinchers  on  the  opposite 
side  of  the  leather  seize  the  wires,  and  a  bar  rises 
up  and  bends  the  two  limbs  so  as  to  form  a  knee  in 
each.  A  pusher  at  the  back  then  sinks  the  bight 
of  the  wire  into  the  leather,  which  is  then  shifted 
by  the  euide-rollers,  and  the  process  is  repeated, 
llie  car£  are  finished  and  niaae  true  by  grmding. 
(See  Card-grinding  Machine.  )  These  wire  brushes 
are  termed  cards,  and  such  fillets  form  the  clothing 
of  the  drums,  cylinders,  or  strips  to  which  they  are 
fastened. 

Ca-raen'ins.  (Nautical.)  The  operation  of  ex- 
posing a  part  of  a  ship's  bottom  by  a  purchase  ap- 
plied to  the  masts  to  tilt  them  laterally  from  the 
perpendicular.  It  was  careening  that  upset  the 
"  Royal  George  "  in  1782  at  Spithead  :  — 

"  Ther 

H«d  made  the  Teatel  heel, 
And  bid  her  on  her  dde." 

Ca'ret  (Printing.)  A  mark  ("A")  indicating 
an  insertion  ;  interlinear  or  marginal. 

Car'go-Jaok.  (Nautical.)  An  implement  like 
a  lifting-iack,  but  sometimes  used  upon  its  side  for 
stowing  heavy  cargo. 

Car'go-port  (Nautical,)  An  opening  in  the 
side  of  vessels  having  two  or  more  aecks,  through 
which  the  lading  is  received  and  delivered.  It  is 
closed  by  a  shutter ;  and  made  water-tight  before 
proceeding  to  sea. 

Car-heafer.  An  arrangement  for  warming  a 
railway-car.  A  stove  or  a  system  of  pipes  from  one 
heater,  which  communicates  in  turn  with  each  of  the 
cars  in  the  train. 

In  Fig.  1116  is  shown  the  end  of  a  car  in  which 
is  a  stove  D  inclosed  in  an  air-heatinff  chamber.  A 
is  a  hood  with  a  swinging  valve  V,  the  latter  beins 
placed  in  such  position  as  to  direct  the  air  downward 
by  pipe  B  in  ^'nichever  way  the  car  may  be  moving. 

Fig.  1116. 


Car- Heater. 

The  air,  on  its  way  down,  is  washed  in  the  cistern  C, 
and,  after  heating  in  the  chamber  around  the  stove, 
is  conducted  by  pipes  beneath  the  floor,  and  escapes 
at  registers  R  into  the  saloon.  The  outward  current 
is  induced  by  an  a<^'u8table  cowl  UK,  which  is  set 
with  its  flaring  mouth  towards  the  rear  of  the  car  for 
the  time  being. 

Fie.  1117  snows  an  arrangement  in  which  the  cars 
of  the  train  are  heated  by  steam  from  the  locomotive, 
or  by  heated  air ;  pipe-couplings  between  the  cars 
being  the  means  of  connecting  the  system  of  pipes 
and  radiators  of  the  respective  cars. 

When  the  cars  are  in  motion,  the  steam-pipe  is 
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Fig.  1117. 
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dosed,  or  nearly  so,  and  the  fan  set  in  operation  to 
force  air  through  the  fiimace-pipe  and  register  into 
the  different  cars.  The  air  may  oe  moistened  by  the 
admission  of  a  small  amount  of  steam.  In  case  of  a 
detention  of  the  cai^s,  the  air-pipe  near  the  fan  is 
closed  by  a  valve,  the  other  air-valves  are  closed, 
and,  the  steam- valve  being  opened,  steam  is  forced 
through  the  coil  in  the  heater  and  into  the  radiators. 

Another  form  for  heating  street-cars  is  a  stove 
beneath  the  bed  and  registers  in  the  floor,  or  hot-air 
distributing-pipes  throughout  the  car. 

Car'U-lon.  (Music,)  A  chime  of  belk,  originally 
consisting  of  four,  and  played  by  keys.     See  Cuimk. 

One  form  of  carillon  machinery  has  barrels  with 
pins,  which  first  effect  the  elevation  of  the  liaumier 
and  then  deliver  the  blow  ;  but,  by  an  improvement, 
the  work  of  the  pins  is  confined  to  releasing  detents 
and  causing  the  hammer  to  strike  the  bell,  simulta- 
neously throwing  forward  a  spring  finger  in  the  [uith 
of  peculiar  cam-wheels,  continuously  revolving, 
which  thei-eby  immediately  elevate  the  hammer 
again  into  the  striking  position. 

Car-in'di-oa'tor.  A  registering 
device  operated  by  a  revolving  wheel 
or  axle  of  the  car,  to  indicate  the  dis- 
tance run.  In  one  case,  the  indicator 
is  ouei-ated  partly  by  clock-work  and 
partly  by  the  i-evolving  wheel  or  axle 
of  the  street-railway  car  to  Vhich  it 
is  applied.  It  determines  at  the  end 
of  a  trip  whether  the  car  has  been  run- 
ning regularly,  and,  if  not,  at  what 
points  on  the  road  improper  stoppages  have  been 
made,  or  where  the  speed  of  the  car  has  been  in- 
creased or  retarded. 

Car'i-ole.    ( Vehicle.)    a,  A  small,  open  carriage. 

b.  A  covered  cart. 

c.  A  kind  of  calash. 

Car-jack.  {Railtoay,)  A  powerful  form  of 
screw-jack  by  which  a  car  or  locomotive  is  lifted, 
to  replace  it  on  the  track,  to  run  a  truck  beneath, 
or  for  other  purpose  in  the  shop  or  on  the  road. 

The  hydraulic-jack  is  the  more  efficient  imple- 
ment, and  is  now  made  in  very  com|)act,  portable, 
and  powerful  form.     See  Hydkaulic-jack. 

Car-lamp.  One  for  lighting  the  inside  of  a  rail- 
way-car at  night  or  in  tunnels.  Candles  are 
frequently  employed  in  the  place  of  oil,  to  avoid  the 
danger  of  adding  tire  to  the  other  disasters  in  case 
of  the  overturning  of  the  car. 

In  street  cars  the  lamps  are  frequently  made  to 
illuminate  a  sign,  which  indicates  to  pedestrians  the 
destination  of  the  car  ;  or  a  colored  glass  may  indi- 
cate to  habitual  patrons  the  same  thing. 

Car-Ian'tem.  One  adapted  to  be  carried  on  the 
arm,  to  leave  both  hands  free.     See  Lanteun. 

A  signal-lamp  indicating  destination,  raised  above 
the  roof  of  the  car. 

Carlet.  A  three-square,  singlt-cui  file,  or  floaty 
used  by  comb-makers.     See  Comb. 

Car'^ling.  (Shipbuilding.)  One  of  the  longitu- 
dinal beams  which  are  framed  into  the  transverse 


deck-beams  and  aid  in  trussing  the  frame  of  the 
ship. 

The  coamirigs  of  a  hatchway  are  bolted  to  the  top 
of  the  carlings,  and  the  head-ledges  to  the  top  of 
the  beams. 

Carling-knee.  (Shipbuilding.)  A  knee  in  a 
ship  lying  across  from  the  sides  to  the  hatchway 
beneath  the  deck. 

Car-lounge.  A  car-seat  or  sleeping-chair,  no 
contrived  as  to  assume  a  reclining  position  when 
desired.  The  illustration  shows  the  lounge  of  one 
passenger  and  the  foot-i^est  of  the  person  immediately 
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Car-Lounge. 

behind  him.  The  body  of  the  seat  is  hinged  at  a  to 
the  frame,  and  the  more  or  less  reclining  position  is 
obtained  by  means  of  the  knuckle-ioint  E  E*.  The 
foot-rest  is  an  extension  piece,  which  is  projected 
when  needed  ;  the  motions  of  the  back  and  1^-rest 
are  coincident. 

Ca-roohe'.  (Vehicle.)  A  kind  of  two- wheeled 
pleasure-carriage. 

Car'oL  (Building.)  A  seat  fitted  within  the 
opening  for  a  window ;  a  bay-stall.     Caroll;  carrol. 

Car'pen-ter's  Chia'eL  Chisels  for  wood- 
workers' use  are  made  of  moderately  hard  steel, 
have  one  plane  and  one  beveled  edge,  and  are  di- 
vided into  Jirmer  and  framing  or  mortise  chisels. 

The  former  have  a  tang  inserted  into  the  handle, 
the  lower  end  of  which  rests  against  a  flange  on  the 
stem,  while  in  some  of  the  latter  the  handle  is  insert- 
ed into  a  socket  at  the  upper  part  of  the  stem. 

Joiner* 8  and  paring  chisels  are  names  of  grades, 
rather  than  of  kinds.     See  Chisel. 

Car'pen-ter's  Clamp.  A  frame  in  which  work 
such  as  doora,  sashes,  shutters,  etc.,  is  forced  up 
into  place,  and  held  while  being  nailed  or  pinned. 

A  kind  of  vise  for  grasping  several  parts  and  hold- 
ing them  while  the  glue  set^  or  for  other  purposes. 

Car'pen-ter's  Gage.  A  scribing-tool  for  depth 
or  width,  according  to  construction  and  uses.  It 
commonly  has  a  pomt  projecting  from  the  shank  B, 
and  a  movable  head  or  fence  A,  which  is  adjusted 
for  distance  fi-om  the  point,  and  secured  by  a  .«(^- 
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fig.  1119. 


QxrpenUr^s  Gag^. 

screw.  In  the  example,  revolving  rollers  with 
sharp  edges  are  used  inst^  of  marking  points,  and 
the  roller  L  is  adjustable  towards  and  from  the 
roller  E  for  making  two  parallel  scribes  at  a  deter- 
minate distance  from  the  fence  j4. 

Car'pen-ter'ft  liev'eL  An  implement  for  de- 
termining horizontality  and  verticalitv. 

It  has  a  base  piece,  standard,  and  plumb-line,  and 
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Carpenter's  Levets. 

is  used  by  builders  and  road-makers  in  testing  sur- 
faces, to  ascertain  Whether  they  are  level. 

The  feet  may  be  so  adjusted,  to  suit  the  required 
grade  or  pitch,  that  the  level  becomes  a  means  of 
determining  a  slope. 

Car'pen-tdr'ft  Plane.  Carpenter's  planes  are 
of  Yarious  descriptions,  adapted  to  the  different 
kinds  of  work  they  are  intended  to  perform,  —  as, 
the  jack-plane,  for  rou^h-dressing  a  surface;  the 
smoothing-plane,  for  finishing  it  off ;  and  grooving 
and  molding  planes,  tome  of  which  have  special 
names,  for  malcing  grooves  or  elevations  of  various 
forms.     See  Plane. 

Car'pen-ter'ft  Plow.  A  plane  for  making  a 
groovd  m  the  edge  of  a  board,  to  be  occupied  by  the 
matching  tongue  of  another  board,  or  by  the  edge 
of  a  panel. 

Car'pen-ter'ft  Rule.  Ordinarily,  a  two-foot 
rule,  jointed  in  the  middle  and  divided  to  eighths 
or  sixteenths  of  an  inch. 

fig.im. 


Ca^ptnttr'^f  Ruft. 


That  shown  in  the  figure  has  a  pointed  swinging 
ann,  and  also  a  curved  scale  and  pointed  index,  so 
that  the  instrument  may  serve  ttie  purposes  of  a 
level,  square,  and  bevel,  any  angle  of  inclination 
being  noted  by  the  pointer  upon  said  scale. 

Car^pen-ter'ft  Square.  An  L-shaped  steel  nile 
having  two  arms  meeting  at  a  right  angle,  and 
graduated  to  feet,  inches,  and  fractions.  It  is  used 
by  carpenters  and  other  mechanics  for  laying  off 
perpendiculars  to  a  line  or  surface,  and  setting  off  the 
distances  thereon  at  the  same  time.   See  Tby-squark. 

Car^^-ter's  Tools.  In  the  reign  of  Henry 
II.  of  iLngland,  the  whole  stock  of  a  carpenter's 


Roman  Tools. 


tools. was  valued  at  one  shilling,  and  consisted  of  a 
broadaxe,   an  adze,   a  square,  and  a  spoke-shave. 
The  number  has  laively  increased 
since.  See  specific  index.  Wood-  Fig.  1128. 

WORKING. 

Fig.  1122  shows  a  variety  of 
old  Roman  implements  of  this 
kind,  as  represented  on  existing 
monuments. 

Ill,  compasses  and  calipers. 

2  2,  plumb-bobs. 

8  3  5,  templet  and  squares. 

4  4,  sincle  and  jointed  rules. 

6  6,  mallets. 

7,  adze. 

8  8,  scriber  and  soldering-tool. 

9  9,  chisels. 
10,  hatchet. 
Car'pen-ter's  Vise.    Ade- 

vice  with  a  stationary  jaw  at* 
tached  to  the  bench,  and  a  mov- 
able jaw  operated  by  a  screw, 
used  for  clamping  a  board  or 
timber  while  being  operated  on 
by  the  plane  or  chisel. 
Car'pen-try.    See  under  the  following  heads : — 
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Abat-jour. 

Abat-voix. 

Abutment. 

Accouplement. 

Ajamoe. 

Ambe. 

Angle-bar. 

Angle-tier. 

Ante-venno. 

Apron. 

Apron-piece. 

Arched-beam  roof. 


Architrave. 

Arris. 

Arris-fillet 

Arris-^tter. 

Ashlenng. 

Astragal. 

Attic. 

Awning. 

Badigeon. 

Balk. 

Baluster. 

Bai^-board. 
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Baige-ooaple. 

CorbeL 

Half  timbered. 

Plumb. 

Baai. 

Comioe. 

Halving. 

Plummet. 

Batten. 

Couples. 

Hammer  beam-roof. 

Pole-plate. 

Bay. 

Coved-ceiling. 

Hand-rail. 

Post. 

Bek 

Cradle. 

Hatchet. 

Prick-post. 

Bead  and  butt  work. 

Crenelated  molding. 

Heading-course. 

Principal. 

Bead  and  quirk. 

Cribbing. 

Heading-joint. 

Pugging. 

Bead,  butt,  and  aqoare 

Cripple-timbers. 

Heel-post. 

Punch. 

work. 

Cross-beam. 

Herring-bone. 

Puncheon. 

Beaking-joint. 

Crown-post. 

High  roof.     • 

Purlin. 

Beam. 

Culver-tail. 

Hip. 

Quarters. 

Bearer. 

Curb-beam. 

Hip-knob. 

Queen-post 

Bench-vise. 

Curb-plate. 

Hip-rafter. 

Quirk. 

Bent. 

Curb-roof. 

Hip-roof. 

Rabbet. 

Bevel. 

Curtail-step. 

Hoarding. 

Rafter. 

Binder. 

Current. 

Hollow  newel. 

Raising^plate. 

Binding-joist. 

Cushion-rafter. 

Housing. 

Ramp. 

Binding-rafter. 

Dado. 

Impages. 

Reason-piece. 

Bird's-mouth. 

Dais. 

Inter-ties. 

Reglet. 

Blind. 

Deadening. 

Interligneum. 

R^sh. 

Blocking. 

Deal. 

Jack-timber. 

Reveal. 

Bolection. 

Dental  cut. 

Jalousie. 

Riser. 

Bolster. 

Diagonal. 

Jamb. 

RoU  and  fiUet 

Box-frame. 

Dimension-lumber. 

Jib-door. 

Roof. 

Box-girder. 

Dished-out 

Joggle-poet. 

Rule. 

Boxing. 

Dog-leg  stairs. 

Joist. 

Run. 

Brace. 

Dome. 

Jut-window. 

Sarking. 

Bracket. 

Door. 

Key. 

Sash. 

Breast-summer. 

Door-case. 

King-poet. 

Sash-frame. 

Bridge-board. 

Door-step. 

King-truss. 

Scaffold. 

Bridging-joist. 

Door-stnp. 

Knee. 

Scaffold-bracket 

Bridging-piece. 

Dorman-tree. 

Ladder. 

Scantling. 

Brob. 

Dormer. 

Lagging. 

Scarf. 

Brog. 

Dovetail. 

Ijaminated-rib. 

Scraper. 
Scribe. 

Brow-post. 
Built-beam. 

Dragon-beam. 

Landing. 

Draw-bore. 

Uth. 

Severy. 

Built-rib. 

Dwarf-rafter. 

Lathing-clamp. 

Shaker. 

Butment-cheeks. 

Eave. 

Lattice. 

Shutter. 

Button. 

Eave-board. 

Leaf. 

Shutting-post 

Cafie. 

Eave-trough. 

Lean-to. 

Shear-legs. 

Caisson. 

Estrade. 

Side-plane. 

Camber-beam. 

False  raU. 

Ledger. 

Shingle. 
Shook. 

Cam^-ceiling. 
Cantilever. 

False  roof. 

Level. 

Faying  out. 

Line-winder. 

Shooting-board. 

Carcass. 

Feather-edged. 

Lining. 
Lintel. 

Shore. 

Carcass-roofing. 

FemerelL 

Side-plane. 

Carpenter^s  clamp. 
Carpenter's  square. 

Fender-beam. 

Listing. 

SiU. 

Filling-in  pieces. 

Luffer  (Louvre). 

Sinking. 

Carpenter's  tools. 

Fishing. 

Lumber. 

Skirting. 

Carriage. 

Fkp. 

Main-couple. 

Skylight. 

Carriage-piece. 

Flight. 

MaUet. 

SUb. 

Cartouch. 

Flitch. 

Mansard-roof. 

Sleeper. 

Case-bay. 

Floor. 

Match- boarding. 

Soffit 

Casemate. 

Floor-clamp. 

Mitered  border. 

Sound  boarding. 

Casement. 

Fox-tail  wedging. 

Molding. 

Span-roof. 

Cavetto. 

Frame. 

Mopboiud. 

Splice. 

Ceiling. 

Franking. 

Mortise. 

Spring-beam. 

Ceiling-joist. 

French-root 

M-roof. 

Staging. 

Chain-timber. 

French-window. 

Mud-siU. 

Staircase, 

Chalk-line. 

Fret-work. 

Muntin. 

Stair. 

Chantlate. 

Fuor. 

Needle-beam. 

Standard. 

Chevron-molding. 

Furring. 

Newel. 

Sticking. 

Clamp. 

Gable. 

Nogging. 

Stile. 

Clamp-screw. 

Gage. 

Norma. 

Stirrup. 

Ckpboard. 

Gain. 

Nosing. 

Stock. 

Cleading. 

Gambrel-roof. 

Notch-board. 

Story-post. 

Clear-stuff. 

Garret. 

Notching. 

Stoiy-rod. 

Coak. 

Geometric  staircase 

Pale. 

Straming-beam. 

Cocket-oenteiing. 

Girder. 

Panel. 

Straining-sill. 

Cocking. 

Grafting. 

Partition. 

Strap. 
Striking-plate. 

Cockle^itairs. 

Ground-plate. 

Pitch. 

Coffer. 

Grounds. 

Pitching-piece. 

String-board. 

Collar-beam. 

Ground-sill. 

Plane. 

Stringer. 

Compass-window. 

Gutter. 

Plugging. 

Strut. 
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Stab-tenon. 

Summer. 

Sonkcoak. 

Snnk-panel  ceiling. 

Snrbase. 

Swing-beam. 


Tabling. 

Templet. 

Tenon. 

Tension-rod. 

Tie. 

Tie-beam. 

Tilting-fillet. 

Tongue. 

Toob.  Carpenter's  and 
joiners  (see  WooD- 
woBXiKO  Tools) 

Torsal. 

Trap-door. 

Trefiis. 


Trenail. 

Trestle. 

Trimmer. 

Truncated  roof. 

Truss. 

Trussed  roof. 

Turnpike-staircase. 

Tusk. 

Upright. 

Venetians. 

Veranda. 

Wainscot. 

Wall-plate. 

Wane. 

Wash-board. 

Weather-boarding  clamp. 

Weather-boarding  gage. 

Weather-strip. 

Well-staircase. 

Wind-beam. 

Window. 


Car'pet    A  cloth  or  rug  to  cover  a  floor. 

The  use  of  rugs  is  of  great  antic^uity  in  Ggypt,  In- 
dia, and  China ;  later,  those  of  Persia  and  Tu^ey  have 
been  the  more  celebrated.  They  were  anciently 
spread  upon  the  ground  or  floor,  in  the  tents  or  in 
apartments,  and  in  the  Orient  am  still  small,  used  for 
sitting  or  reclining  upon,  or  beneath  the  couches ;  as 
the  Sardinian  carpets,  mentioned  by  a  Grecian  poet, — 
*  *  Beneath  the  ivory  feet  of  purple-cushioned  couches. " 

**  Fbttnida  fends  oi  dates  aoroee  the  blUows, 
And  Oartham,  carpets  rich,  and  well-stofiMl  pUlowi.^' 
Hmnppus,  quoted  by  Athenaeoe  (▲.  d.  2S0). 

At  the  supper  of  Iphicrates,  purple  carpets  were 
spread  on  the  floor  ;  and  at  the  magniflcent  banquet 
of  Ptolemy  Philadelphus,  an  account  of  which  is 
given  bv  Callixenus  of  Rhodes,  we  learn  that  under- 
neath 200  golden  couches  **  were  strewed  purple  car- 
pets of  the  finest  wool,  with  the  carpet  pattern  on 
iwth  sides  ;  and  there  were  handsomely  embroidered 
rugs,  very  beautifully  elaborated  with  figures.  Be- 
sides this,"  he  adds,  "thin  Persian  cloths  covered 
all  the  center  space  where  the  ^ests  walked,  having 
the  most  accurate  representations  of  animals  em- 
broidered on  them.** 

The  Babylonians  were  very  skillful  in  weaving 
cloths  of  divers  colors  ;  we  rwid  of  **  a  goodly  Baby- 
lonish garment"  as  long  ago  as  the  time  of  Joshua, 
B.  c.  1451,  as  among  the  spoils  of  Ai.  The  Baby- 
lonish carpets  had  renresentations  of  human  figures 
and  composite  animals,  such  as  winged  bulls  with 
human  neads,  griffins  and  dragons.  These  were 
numbered  among  the  luxuries  of  Heliogabalus.  On 
the  tomb  of  Cyrus  was  spread  a  purple  Babylonian 
carpet,  and  another  covered  the  bed  whereon  his 
body  was  placed.  These  carpets  were  exported  in 
considerable  quantities  to  Greece  and  Rome.  Re- 
searches in  Pompeii  show  that  they  were  used  in 
that  city  in  the  time  of  Imperial  Rome. 

Sir  J.  Gardner  Wilkinson  gives  an  account  of  one 
carpet  rug  of  Egyptian  manufacture.  '*  It  is  made 
like  many  cloths  of  the  present  day,  with  wooUn 
threads,  on  linen  strings.  In  the  center  is  the  fig- 
ure of  a  boy  in  white,  with  a  goose  above,  the  hiero- 
glvphic  of  a  '  child,*  upon  a  green  ground,  around 
which  is  a  border  composed  of  red  and  blue  lines.'* 
He  also  mentions  some  fine  specimens  of  worked 
worsted  upon  linen,  now  in  the  Turin  Museum,  in 
which  the  linen  threads  of  the  weft  have  been  picked 
out  and  colored  worsted  sewed  on  the  warp.  These 
are  specimens  of  tapestry-weavinff,  and  resemble  the 
present  work  of  Persia  and  Turkey.  The  tapestry 
consists  of  woolen  threads  sewed  on  the  strings  of 


the  warp  by  means  of  small  shuttle-needles.  The 
Persian  carpet  is  formed  by  knotting  into  the  warp 
tuft  after  tuft  of  woolen  yam,  over  each  row  of  which 
a  woof-shot  is  passed,  the  fingers  being  here  em- 
ployed instead  of  the  shuttle-needles,  as  the  fabric 
IS  of  a  coarser  description.  Such  carpets  are  formed 
in  looms  of  very  simple  construction;  the  warp- 
threads  are  arranged  in  parallel  order,  whether  up- 
right or  horizontal,  and  the  fabric  and  pattern  are 
produced  by  colored  threads,  hand-wrought  upon 
the  warn.  This  may  be  desijgnated  the  hand-wroi^t 
or  neeolework  method,  which  only  makes  one  stitch 
or  loop  at  a  time,  in  contradistinction  to  the  machine- 
wrought  process,  the  result  of  mechanical  appliances, 
whereby  a  thousand  stitches  are  efiected  at  once. 
Herein  lies  the  essential  difference  between  the  an- 
cient and  modem,  the  simple  and  complex,  carpet- 
manufacture. 

In  Persia  there  are  entire  tribes  and  families 
whose  only  occupation  is  that  of  carpet-weaving. 
These  dispose  of  their  productions  at  the  bazars  to 
native  merohants,  who  remove  them  to  Smyrna  or 
Constantinople,  where  they  meet  with  European 

Eurchasers.  The  trade  in  real  Persian  caroets  is, 
owever,  very  limited,  owing  to  their  small  size. 
They  are  seldom  larger  than  nearth-rugs,  long  and 
narrow.  Felted  carpets,  or  nurmttda,  are  also  made 
in  Persia,  but  are  not  considered  worth  exporting. 
One  specimen  of  carpet  from  Persia  had  tufts  of 
worsted  inserted  in  a  felt  back. 

Carpets  are  manufisLctured  in  many  of  the  provinces 
of  Asiatic  Turkey.  In  none  of  these  places,  how- 
ever, does  any  laige  manufactoiy  exist ;  the  carpets 
are  the  work  of  families  and  households.  They  are 
woven  in  one  piece,  and  there  is  this  notable  pecu- 
liarity in  their  manufacture,  that  the  same  pattern 
is  never  again  exactly  reproduced ;  no  t¥fo  carpets 
are  quite  alike.  The  patterns  are  very  remarkaole, 
and  their  origin  is  unicnown  even  to  Mussulmans. 
The  Turkey  carpet  pattern  represents  inlaid  ieweled 
work,  which  accoros  with  Eastem  tales  of  jewels 
and  diamonds. 

In  British  India  the  carpet  manufacture  is  carried 
on  extensively.  At  Benares  and  Moorshedabad 
are  produced  velvet  carpets  with  gold  embroidery. 
A  very  elaborate  carpet  sent  from  Cashmere  to  the 
London  exhibition  by  Mahangah  Goolah  Singh  was 
composed  entirely  of  silk,  and  excited  great  ad- 
miration. In  every,  square  foot  of  this  carpet,  we 
are  informed,  there  were  at  least  10,000  ties  or 
knots.  Silk  embroidered  hookah  carpets,  cotton 
carpets,  or  scUimnjeeit  printed  cotton  carpets,  printed 
flooreloth,  woolen  carpets,  are  made  in  different  dis* 
tricts  of  British  India.  Of  late  years,  linen  warp 
has  been  introduced  instead  of  cotton,  and  the 
fabric  is  thereby  much  improved.  The  designs  of 
the  Indian  carpets  have  more  regularity  than  those 
of  Turkey,  and  the  colors  are  mostly  warm  nega- 
tives, enhvened  with  brilliant  hues  interspersed. 

Carpets  were  introduced  into  England  at  the  time 
of  the  Crusades. 

In  the  times  of  Edward  VI.  and  Elizabeth  of 
England  the  floors  of  palaces  were  strewn  daily  with 
rushes.  This  frequent  change  of  rushes  was  con- 
sidered to  betoken  an  effeminacy  which  augured  but 
poorly  for  the  stability  of  the  dynasty  and  tne  ruling 
families. 

The  walls  were  hung  with  tapestry  and  cloths 
long  before  the  floors  were  carpeted.  In  Hampton 
Court  Palace,  built  by  Cardinal  Wolsey,  the  beau- 
tiful floors  are  yet  bare  and  the  walls  covered  with 
tapestry. 

In  the  Middle  Ages  carpets  were  used  before  the 
high  altar  and  in  certain  parts  of  the  chapter. 
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Bedaide  carpets  are  noticed  in  1801,  and  carpets 
for  the  royal  tnrones  in  the  fifteenth  century. 

Turkey  carpets  before  the  communion-table  were 
used  in  the  reigns  of  Edward  VI.,  Elizabeth,  and 
the  Stuarts. 

The  manu&cture  of  carpets  was  introduced  into 
France  from  Persia,  in  the  reign  of  Henry  IV.,  about 
1606  ;  a  manufactory  being  established  at  Chaillot, 
near  Paris. 

Workmen  from  France  introduced  carpet-making 
into  England  about  1750.  A  carpet-factory  was 
established  at  Axminster,  1755,  the  year  of  the 
Lisbon  earthquake. 

There  are  several  characteristic  processes  in  the 
manufacture  of  carpets. 

1 .  The  web  is  formed  of  a  warp  and  weft  of  flax,  aftd 
the  wool  or  worsted  is  inserted  in  tufts  which  are 
twisted  around  each  of  the  warp-threads,  the  color 
of  the  tuft  being  determined  by  its  position  in  the 
pattern.  The  tufts  are  locked  in  position  by  a  shoot 
of  the  weft,  the  crossing  of  the  warp,  and  the  beat- 
ing of  the  batten  or  lathe.  The  Persian,  Turkey, 
and  Axminster  carpets  are  thus  formed. 

2.  The  web  is  formed  of  a  warp  and  weft,  as  stated 
above,  and  the  colored  worsted  yams  are  laid  alons 
with  the  linen  warp,  and  drawn  into  loops  which 
project  above  the  surface.  Each  yam  passes  through 
an  eyelet  which  depends  from  a  cord,  whereby  it  is 
drawn  up  to  form  a  loop  at  the  point  where  its  color 
is  required.  This  is  the  Body-Brussels  carpet. 
They  are  usually  27  inches  wide,  with  two  threads 
of  linen  for  the  shoot,  one  above  and  the  other  be- 
low the  worsted. 

When  the  loops  thus  made  are  cut 
to  form  a  nap,  tne  carpet  is  known  as 
a  pile  or  Wilton  carpet. 

8.  Tapestry  Bmssels  differs  from  reg- 
ular or  body  Bmssels  in  being  woven  m 
a  common  loom  and  printed  in  the  warp. 

4.  Tapestry  velvet  or  pateivt  velvet 
differs  only  from  tapestry  in  being  cut 
like  Wilton. 

5.  The  carpet  is  formed  by  an  amplifi- 
eationofthe  ordinary  weaving-processes ; 
two  or  three  webs  being  woven  at  the 
same  time,  the  warps  being  interchange- 
able and  being  brought  to  the  surface  ac- 
cording to  the  color  required,  and  form- 
ing two-ply  carpet  or  three-ply  carpet, 
respectively,  llie  carpet  is  woven  by  a 
figure-work  or  ordinaiy  loom,  with  some 
peculiarities,  such  as  the  exposure  of  the 
weft  (Ingrain),  the  warp  ( Venetian),  or 
a  peculiar  weft  {Chenille). 

6.  The  carpet  is  formed  of  a  body  of 
fibers  felted  together  with  a  fabric  with- 
out spinning  or  weaving.  The  product 
is  generally  printed,  and  forais  drugget. 

7.  The  carpet  is  woven  in  plain  colors  and  after- 
wards printed. 

8.  The  carpet  is  dyed  in  party-colors,  nicely  ad- 
justed so  as  to  fall  into  ttieir  right  places  when 
woven  into  a  fabric. 

9.  A  pile  b  cemented  to  a  backing-fabric.  See 
Cbmented-back  carpet. 

For  the  varieties  of  carpets  see  the  following :  — 


Scotch  carpet. 
Tapestry  carpet. 
Three-ply  carpet. 
Triple-ingrain  carpet 
Turkey  carpet. 


Two-ply  carpet 
Velvet-pile  carpet 
Venetian  carpet 
Wilton  carpet 


Car'pet-bag  Frame.  The  iron  frame  which 
distends  the  cloth  covering  of  a  traveling-bag  or 
satchel.     The  two  jaws  are  pivoted  to  the  hinge-rod 


Carp9i-Ba%  Phtmt, 


and  shut  beneath  the  cap-piece  of  the  fnune,  which 
is  I -shaped  in  cross-section.  The  varieties  and 
shapes  are  numerous. 

Car'pet-beat'er.    A  machine  in  which  carpets 
are  beaten  and  brushed.     The  breadth  of  carpet 


Pig.  1125 


Axminster  carpet. 
Bmssels  carpet. 
Cemented-back  carpet. 
Chenille  carpet. 
Damask  carpet. 
Drugget. 
Felt  carpet. 


Ingrain  carpet. 
Kidderminster  carpet. 
Persian  carpet. 
Pile  carpet. 
Printed  carpet. 
Rag  carpet. 
Rng. 


OarpeUBeater 


is  wound  on  the  roller  B,  passed  over  an  inclined 
bed  formed  of  a  steam-coil  G  G,  and  subjected  to 
the  action  of  the  beaters  ff  H,  which  are  tripped  by 
the  tappets  n  n  on  the  wheel  F.  The  caroet  is 
stretched  on  the  rollers  e  c,  thence  passes  unoer  a, 
is  exposed  to  a  revolving  brush-cylinder  J*,  and  is  re- 
wound on  the  roller  B'. 

Car'pet-olean'iiig  Bflarohine'.  A  bmshing- 
roachine  for  carpets,  which  is  unrolled  from  the  beam 
D,  and  re-roUea  on  the  beam  at  the  other  side  of 
the  machine,  PJ^ning  on  its  way  the  varioos  cleans 
ing-devices.  These  are  the  cords  B,  which  whip  it 
on  the  outside  ;  the  canes  /,  which  whip  it  on  the 
inside ;  a  succession  of  revolving  brnsnes,  whidi 
sweep  it,  and  a  revolving  fan,  whicn  blows  away  the 
dust.     (Fig.  1126.) 
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rig.  1136. 


In  Fig.  1129  the  paper  is  contaioed  on  two  lolls 
*>  jy^  and  the  webs  are  fed  beneath  the  roller  B^ 

vig.  112a 


Carpet' Cleaning  Machine 

C&r'pet-fEUit'en-er.    A  screw-knob  and  screw- 
socket  inserted   in    the 
Fig.  1127.  floor  with  the  carpet  be- 

tween them. 

Car'pet-lin'ing.  A 
material  for  placing  be- 
neath a  carpet,  to  increase 
its  elasticity  and  decrease 
-  the  wear.  It  usually 
consists  of  a  thickness  of 
felt  between  two  layers 
of  paper,  but  there  are 
Qxrpet'Fastener.  many  kinds.    In  the  ma- 

chine represented,  the 
fibrous  material  from  the  roller  h  is  formed  into  a 
fleecy  mass  by  the  carding-cylinder  C,  and  collects 


Carpet'Lining  htaeMne. 

the  gauze  as  a  bat  on  the  gauze-covered  cylinder  d ; 
a  doner  takes  it  from  this  cylinder ;  it  is  caught  be- 
tween the  thicknessesand  pressed  beneath  the  roller  o. 
The  lower  sheet  of  paper  is  the  wider,  and  is  gummed 
on  one  surface  by  the  gum-roller  Ji;  the  edges  of 
the  wide  strip  are  bent  over  the  narrow  one  and 
stuck  fast.     The  fabric  is  delivei-ed  into  the  box  8. 


Carpet'IAning  Machine 

with  an  intervening  thickness  of  felt  shown  as  oom« 
ingover  the  roller  B*.  From  the  smoothing-plate 
the  fabric  passes  through  a  series  of  sewinf^-machmes, 
bv  which  It  is  quilted  previously  to  passing  between 
the  measuring-rolls,  and  is  pressed  and  delivered  by 
rollers  C  C. 
Car'pet-loom.    One  for  weaving  carpets.    See 

PiLE-FABBIC;   RRU88ELS-CABPET  Loom  ;  /aCQUABD, 

etc. 

Car'pet-rag  Loop'er.  A  stabbing-tool  with  a 
laige  eye,  to  carry  one  end  of  a  carpet -strip  through 
the  end  of  the  strip  preceding,  wnen  one  is  looped 
over  the  other,  to  save  the  trouble  of  sewing. 

Car'pet-Btretc^'^dr.  A  toggle-jointed  frame  to 
stretch  carpets  on  floors  preliminary  to  tacking  down. 

ng.iiao. 


Oairpt'Stntehtr, 


id  bar  at  one  end  of  the  jointed  staff  en- 
oarpet,  and  the  point  at  the  other  end 
extends  through  to  the  floor.  A  ratchet- 
bar  is  pivoted  to  one  leg,  and,  passing 
througn  a  staple  upon  the  other,  engages 
one  Bide  thereof,  to  keep  the  legs  spread. 


Fig.  1181. 


Car'pet- 
mwevgfvt,  A 
mechanical 


Carpet-Sweeper. 


broom  for  sweeping  carpets  and  collecting  the  dust 
and  dirt  in  travs.  The  brush-shaft  is  rotated  by  a 
corrugated  pulley  driven  by  contact  with  the  rubber 
peripnery  of  one  of  the  sustaining  wheels. 


Digitized  by 


Google 


CABQUAISE. 


478 


CARRIAGE. 


Car-quaiM'.  (OUus.)  The  annealing  arch  of 
the  plate-glass  manufactore,  heated  by  a  fireplace 
callea  a  tiaar, 

CSar-reg'is-ter.  {Railway.)  A  device  for  keep- 
ing account  of  all  persons  entering  a  car,  so  as  to 
form  a  check  on  the  receipt  of  fare  by  the  conductor. 
It  has  various  forms,  none  of  which  are  in  much 
favor. 

1.  A  turnstile  at  the  entering  side  of  a  platform, 
the  revolutions  being  transmitted  by  a  train  of  gear- 
ing to  an  indicator. 

2.  A  similar  traiii  actuated  by  the  opening  of  the 
door. 

S.  A  train  actuated  by  the  pressure  of  the  foot  on 
a  step  at  the  mounting  and  entering  side  of  the 
platform. 

Car-re-plao'er.  {Bailuxiy,)  An  instrument  or 
means  for  restoring  to  the  rails  a  car  which  has  run 
off  the  track. 

This  operation  is  ftequentl^  accomplished  by  the 
jack-screw,  aided  by  such  thm^  as  handspikes  and 
timbers  which  may  be  convenient.  A  full  assort- 
ment belong  to  the  appendages  of  a  '*  wrecking"  car, 
whose  use  is  to  remove  obstructions  on  the  track, 
Replace  cars,  and  lift  the  cUbris  of  an  accident  on  to 
the  platform-cars,  which  bear  them  to  the  shop  for 
repairs  or  for  use  aa  material. 

A  number  of  devices  have  been  patented  for  the 
purpose  of  enabling  a  car  to  aseand  to  its  position  on 
the  rails  when  drawn  or  driven  by  the  locomotive. 
The  general  feature  in  which  these  agree  consists  of 


Car^Rfplacer, 

two  inclined  planes,  one  forming  a  bridge  with  a 

Slate  2),  to  let  the  outer  wheel  ci-oss  the  rail  and 
rop  into  place  ;  the  grooved  ^late  A  forming  a 
bridge  up  to  the  other  rail.  C  is  a  bar  to  lead  the 
wheel  towards  the  bridge-piece. 

CSar'riage.  1.  A  wheeled  vehicle  especially  for 
the  conveyance  of  passengers.  The  vehicles  of  the 
nomads  of  Asia  were  carts  and  wagons,  two  and  four 
wheeled,  in  ancient  times.  (See  Cart  ;  Wagon.) 
The  war-vehicle  of  the  ancients  is  considered  under 
Chariot  (which  see). 

The  toagons  sent  by  Joseph  from  Egypt  to  Canaan, 
to  fetch  his  father,  were  no  doubt  plaustra  ;  that  is, 
carts  drawn  by  yokes  of  oxen.  Horses  were  not 
used  for  draft,  except  in  chariots,  and  the  vehicles 
of  Egypt  were  two-wheeled.  This  form  of  carriage 
is  known  to  have  been  in  use  as  long  ago  as  2000 
B.  c,  and  its  origin  is  lost  in  the  obscurity  of  the 
remote  past.  Tne  Greek  tradition  that  wheeled 
vehicles  were  invented  by  Erectorius,  the  fourth  king 
of  Athens,  about  1400  B.  c,  is  due  to  the  vanity  of  a 
nation  who  considered  themselves  ne  plus  uUra^  in 
willful  foigetfuluess  of  their  great  instructor,  Egypt, 


from  whose  fugitives  they  received  so  much.  Wit- 
ness Cecrops  and  Danaus,  and  the  fact  that  Thales, 
Pythagoras,  Aristotle,  Plato,  Solon,  Herodotus, 
and  others  of  their  sages,  were  indebted  to  the  land 
of  the  Nile  for  their  eminence  in  science  and  arts. 
It  is  also  quite  evident  that  they  improved  upon 
their  instructors  in  both. 

The  natives  of  China  and  India  used  carts  from 
an  earlv  date,  which  cannot  now  be  deteimined ; 
the  modem  Indian  cart  is  a  good  deal  like  its  prede- 
cessor. So  clumsy  are  they  that  the  palanquin  is 
likely  to  maintain  its  hold  for  a  while  yet. 

The  wandering  3cythiaus  from  time  immemorial 
covered  their  wagons  with  felt  and  with  leatiier. 
(See Cart;  Wagon.)  Athensus,  in  the  Deipnoao- 
phists,  refers  to  **  Polemo,  in  his  jtreatise  on  the 
wicker-carriage  mentioned  by  Xenophon." 

The  hamaxa  {*ama  ax6n,  of  two  axles)  was  a  four- 
wheeled  covered  wagon  of  Persia  and  Greece,  similar 
to  the  carpetUum  of  the  Romans.  The  body  of 
Alexander  was  transported  in  a  hamasoa. 

The  Romans  had  vehicles  with  one  wheel,  adapted 
to  be  drawn  bv  slaves,  and  also  had  two  and  four 
wheeled  vehicles.  They  also  had  carriages  adapted 
for  two,  three,  and  four  horses. 

The  use  of  pleasure-carriages  in  the  city  of  Rome 
was  forbidden  during  the  republic 

Carts  disposed  as  a  circumvallation  were  the 
ordinary  field  and  camp  fortifications  of  many 
nations  of  antiquity,  —  the  Scythians,  CHmbri,  Hel- 
vetii,  Goths,  Gauls,  Britons,  etc.  .The  name  is  from 
the  Celtic,  appearing  with  its  Latin  termination 
as  carrujs  or  carra. 

Such  a  fortification  was  known  to  the  Romans  aa 
a  carrago. 

The  Roman  areena,  of  which  mention  is  made  in 
the  Twelve  Tables,  was  a  covered  carriage  used  by 
the  sick  and  infirm. 

The  carpentum,  seen  on  antique  coins,  was  a  two- 
wheeled  car  with  an  arched  covering. 

The  camuxe,  mentioned  bv  Pliny,  nad  four  wheels, 
and  was  ggigeously  trimmed.     No  springs. 

When  Rome  fell,  carriages  and  that  peculiar  form 
of  luxury  fell  into  disuse,  and  eventually  into  dis- 
repute. 

Smith's  "Dictionary  of  Greek  and  Roman  An- 
tiquities" will  enable  the  student  to  pursue  the 
matter.  See  in  that  work,  in  addition  to  the  above, 
Pilentum,  Rhedat  Cieium,  Covinus,  Eaaedwn^  Currua, 
Plaustrum,  Sarracum,  PetarrUum, 

Down  to  the  sixteenth  century,  kings,  popes, 
ministers,  and  magistrates  made  their  progresses  and 
journeys  on  the  backs  of  animals.  During  tibe 
fifteenth  and  sixteenth  centuries  covered  carriages 
were  used  by  women  of  rank,  but  it  was  considered 
disgraceful  effeminacy  for  men  to  use  them.  In 
1545  we  read  of  a  certain  duke  who  was  permitted, 
as  a  favor  on  account  of  his  sickness,  to  nde  to  the 
baths  in  a  covered  carriage. 

In  1550,  three  coaches  werft  used  by  three  of  the 
dignitaries  of  the  city. 

During  the  sixteenth  century  carriages  were  intro- 
duced into  Spain,  Portugal,  England,  and  other 
countries. 

The  practice  gradually  became  more  general,  and 
in  1613  we  find  that  ambassadors  appeared  in 
coaches  at  a  public  solemnitv  at  Erfurth. 

The  carriage  of  Henry  IV.  of  France  had  no 
springs  or  suspension-straps.  The  roads  were  neither 
ffradc^  nor  graveled,  and  were  almost  impassable  in 
bad  weather.  Horseback  and  pack-horses  were  the 
order  of  the  day  for  passengers  and  freight.  The 
magnificent  Ronian  paved  roads  were  foivotten. 

The  modem  coach  is  claimed  by  the  Hungarians, 
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who  say  that  it  derived  its  name  from  kotaee,  and 
that  their  king,  Matthias  Cenrinus,  was  the  first  who 
rode  in  one.  An  edict  of  Philip  the  Fair,  1294,  re- 
fers to  their  use,  and  forbids  them  to  the  wives  of 
citizens.  They  were  for  a  while  restricted  to  the 
sick,  to  royalty,  and  to  ambassadors. 

A  nam1)er  of  instances  are  cited  in  English  history 
where  they  were  used,  but  the  roads  were  so  execra- 
ble that  the  hack  and  pack-horse  were  used  in  Eng- 
land until  about  1700.  The  making  of  roads  pre- 
ceded the  extensive  use  of  carriages,  and  rendered  it 
possible.  The  Romans  knew  how  important  an  a^ent 
m  civilization  were  the  roads,  and  tne  memorials  of 
their  ^nius  yet  remain  in  Europe.  Facility  of  trans- 
portation is  necessary  to  progress,  and  the  early  na- 
tions were  either  maritime  or  dependent  upon  some 
great  river  which  was  the  artery  of  the  empire.  Wit- 
ness the  Mediterranean,  the  Nile,  Euphrates,  and 
Tigris  ;  these  waters  washed  all  the  lauds  of  historic 
interest  from  Noah  to  Constantine.  We  must  except 
*•  far  Cathay,"  —  China. 

Stowe  dates  the  making  of  coaches  in  England 
from  1555,  and  credits  Walter  Rippin  with  the 
making  of  the  same.  The  canopies  of  these  coaches 
were  supported  by  pillars  on  the  bodies,  surrounded 
by  curtains  of  cloth  or  leather,  which  were  folded 
up  when  so  desired.  They  were  heavy,  clumsy,  and 
destitute  of  springs.  They  were  driven  by  a  pos- 
tilion, and  wnere  four  horses  were  used,  the  man 
who  rode  Xhe  near  wheel-horse  drove  the  leaders 
with  reins.  The  driver's  seat  was  added  at  a  later 
period.  Glass  windows  were  added  in  1631  in  the 
carriage  of  Mary  of  Spain,  the  queen  of  the  Emperor 
Ferdinand  III.  If  the  carriage  of  Henry  Iv.  of 
France  had  been  furnished  with  windows  in  1610, 
Ravaillac  would  have  been  obliced  to  choose  another 
mode  of  assassinating  him.  Tne  carriage  of  Louis 
XI y.  of  France,  1643,  was  suspended  from  springs. 
The  first  state  coach  in  England  was  that  oi  Eli^- 
beth.     See  Coach. 

Stage  toagons  were  introduced  into  fln^land  in 
1564,  and  coaches  for  hire  plied  in  London  in  1625. 
Stage  coaches  were  introduced  into  England  by 
Jethro  TuU,  about  1760,  and  were  employed  to  carry 
the  mail  in  1784.  Before  this  time  it  was  carried 
on  horseback.    See  Coach. 

See  Vehicles  for  list  of  devices  for  land  locomo- 
tion, which  are  treated  under  their  respective  heads. 

For  water  locomotion,  see  Vessels. 

Vehicles  are  now  proposed  to  be  made  of  india- 
rubber,  tdl  but  the  axles  and  tires. 

The  wood  in  England  differs  from  our  own. 
While  both  countries  possess  oak,  beech,  ash,  and 
elm,  the  two  latter  differ  considerably  from  our  tim- 
ber having  the  same  names,  and  the  English  forests 
are  destitute  of  many  varieties  which  are  useful  to 
us  in  making  the  wheels,  hounds,  bodies,  tongues, 
panels,  etc.  of  carriages.  Such  are  hickoiy,  black 
and  white  walnut,  cherry,  maple,  yellow  poplar, 
locust,  gum,  etc. 

In  England,  ash  is  used  for  the  skeleton  of  the 
body  of  superior  carriages,  and  beech  for  inferior ; 
elm  is  used  for  strong  planking  and  hubs  ;  oak  for 
spokes  ;  mahogany  or  cedar  for  panels  ;  pine  andjir 
for  floor  and  roofing ;  fustic,  lancevxHfd,  birchy  syca- 
more,  chestnut,  and  plane-toood  are  also  used. 

In  Australia  the  naves  are  made  of  blue  gum,  the 
spokes  of  the  iron-bark  tree. 

2.  {Garpenlry.)  The  timber  frame  supporting 
the  steps  of  a  wooden  stair.  A  rough-string  /  a  ca/r- 
riage-pieee. 

8.  The  pendants  from  which  a  sword  is  suspended 
from  the  belt.     Sling ;  sioord^ing, 

4.  {Printing,)    a.  The  frame  on  rollers  by  which 


the  bed,  carrying  the  form,  with  the  tympan  and 
frisket,  is  run  in  and  out  from  under  the  platen. 

b.  The  frame  which  carries  the  inking-rollers. 

5.  (Maehiiwry,)  A  portion  of  a  machine  which 
moves  and  carries  an  object ;  as,  — 

a.  The  log-carriage  of  a  sawing-machine. 

The  bit-carriage  of  a  boring-machine,  which  car- 
ries the  bit  and  is  advanced  to  the  work. 

b.  The  carriage  of  a  mule-spinner,  which  travels 
towards  and  from  the  creel  on  which  the  bobbins 
are  skewered. 

c.  Of  a  horizontal  shaft :  the  bearings  in  which 
it  turns. 

Car'riage-bolt  A  screw-bolt,  usually  with  a 
chamfered  head,  square  neck,  and  threaded  shank, 
for  use  in  carriage-making.    See  Bolt,  Fig.  767. 

CSar'riage-brake.  A  retarding  arrangement  for 
carriages  when  descending  a  hill,  to  prevent  horses 

ng.  1188. 
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from  startiii^  too  readily  or  moving  too  fast.  It 
usually  consists  of  a  foot-lever  connecting  by  rods 
to  the  brake-bar,  which  applies  the  shoes  to  the 
wheels. 

Car'riage-bridge.  A  roller-bridge  to  be  moved 
up  a  glacis  and  form  a  bridge  from  counterscarp  to 
scarp,  for  the  passage  of  the  attacking  column. 

It  has  beams  and  uprights.  The  latter  act  as 
posts,  to  rest  on  the  bottom  of  the  ditch,  and  are 
shiftable  to  adapt  them  to  the  depth  of  the  ditch  or 
fosse. 

Car'riage-ooup'linK.  1.  The  coupling  of  a  car- 
riage unites  the  fore  and  hind  carriages.  U  is  called 
the  perch  or  reach  in  carriages  that  possess  it,  but  in 
many  modem  carriages  is  dispensed  with,  the  bed 
resting  on  the  fore  and  hind  carriages,  forming  the 
the  only  coupling. 

In  wagons,  the  coui>ling  is  a  pole,  whose  forward 
end  is  held  by  the  king-bolt  in  the  fore-carriage  ; 
the  hind  end  passes  through  an  opening  between  the 
hind  axle  and  bolster,  and  the  hounds  of  the  hind 
axle  are  fastened  to  the  pole  by  a  pin. 

2.  A  means  of  uniting  the  bed  to  the  fore-carriage. 
It  usu&lly  consists  of  a  king-bolt,  which  forms  tne 
pintle  on  which  the  fore-carriage  turns,  and  the  fifth 
wheel,  which  is  bolted  to  keep  the  portions  from 
bouncing  apart. 

CSar'mge-gaard.  A  plate  on  the  bed  of  a  car- 
riage  where  the  fore- wheel  rubs  in  turning  short. 

war'riage-jaok.  A  lever-jack,  made  in  various 
ways,  designed  to  lift  an  axle,  so  as  to  raise  a  wheel 
above  the  ground,  in  oi-der  that  it  may  be  removed 
from  the  spindle  for  greasing  or  repair.  The  illus- 
trations are  self-explaininff.     (Fig.  1133.) 

Car'riage-look.  {Vehicle.)  A  fastening  for  a 
carriage-wheel,  to  restrain  its  rotation  or  ini^e  its 
freedom  of  movement  in  descending  a  hill.   A  braJce. 


Fig.  1184 


Carriagt'LyMoator. 


Car'xlage-lu^ri-oa'tor.  A  means  for  lubricat- 
ing a  carriage-wheel  hox  and  spindle  without  remov- 
ing the  wheel  from  the  axle  ;  a  self-feeiling  device, 
which  will  supply  the  wheel  for  a  considerable 
time. 

Fig.  1184  shows  five  different  forms  of  the  device. 
The  upper  one  on  the  left  has  a  movable  screw-stop- 
per ;  alongside  of  it  is  one  which  has  a  reservoir  and 
cotton  vricK  to  supnly  oil ;  another  has  a  spring  lid 
to  the  oil-supplv  hole  ;  the  lower  two  are  reached 
by  unscrewing  the  stopper-lids  of  the  reservoirs. 

Car'riage-pieoe.  {Carpeiitry.)  One  of  the  slant- 
ing pieces  on  which  the  steps  of  a  wooden  staircase 
are  mijwsed.  A  rough-siring.  The  upper  end  rests 
against  the  apron-piece  or  pitching-piece,  which  is 
secured  to  the  joists  of  the  landing. 

Car'riage- 
shaokle.  The  _     _         Fig-  im 
bar    C,    which ' 
connects  the 

axle-clip  to  the  "^ii^      ^      c 
thill   or  shaft;  Carriage-ShaekU. 

d  is  the  pintle. 

CSar'nage-aprlng.  An  elastic  device  interposed 
between  the  bed  of  a  carriage  and  its  running-gears, 
to  lessen  the  jar  incident  to  inequalities  in  the  road. 


Cbntage'SpHngx 


and  the  saltatory  and  roHine  motion  of  the  bed 
itself.    Several  examples  are  shown,  of  which  — 

a  has  semi-elliptical  springs  hung  upon  the  ends 
of  C-springs  attached  to  the  axles. 
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b  has  the  usual  elliptical  springs  between  the 
bolster  and  axle. 

chas  elastic  wooden  springs  which  connect  the 
axles  and  also  support  the  be<i 

d  has  semi-eUiptical  springs  which  also  couple  the 
axles. 
e  has  a  bolster  hung  upon  (!?-sprin^. 
/has  a  system  of  curved  springs  with  three  points 
of  connection  to  the  bed  ana  two  to  the  axles. 

Car^riage-step.  A  step,  usually  on  a  jointed 
dependent  frame,  to  afford  means  for  mounting  into 
a  carriage. 

A  carriage-step  to  be  let  down  and  raised  by  the 
openine  and  closmg  of  the  carriage-door  was  patented 
in  England  by  Thomason  in  1799. 

Car'riage-top.  1.  The  cover  of  a  carriage. 
Permanent  in  coaches  ;  double  calash  in  barouches 
and  landaus  ;  calash  in  some  gigs,  bugles,  phaetons, 
etc.  ;  curtained  in  ambulances  and  spring-wagons. 

2.  A  shifting-rail  on   the   back  and  ends  of  a 
buggy-seatj  to  make  a  high-back,  or,  by  removal, 
a  low-back  buggy. 
Car'xlag^-^vheeL    This  has  usually  a  hub  or 

nave,    spokes, 
yig- 1187.  fellies,        and 

tire.  A  box 
fitted  in  the 
hub  runs  in 
contact  with 
the  spindle  or 
arm  of  the 
axle,  and  the 
wheel  is  held 
on  the  spindle 
by  a  linen-pin, 
nut,  or  other 
device. 

Carriage- 
wheels  are  va- 
riously con- 
structed. In 
the  usual  form 
the  radial 
spokes  are 
planted  in  the 
hub  and  dis- 
tend the  rim. 
In  the  suspen- 
sion-wheel, 80 
called,  thecast- 
ii-on  hub  and 
wrought -iron 
rim  are  con- 
nected by  rods 
tightened  by 
nuts. 

The  illustra- 
tion gives  sev- 
eral forms  of 
the  suspension-wheel.  The  upper  figure  has  curved 
steel  spokes,  which  provide  in  the  wheels  the  spring 
or  elasticity  necessary  for  the  vehicle. 

The  other  figures  show  modes  of  Securing  the 
rims  to  the  hubs  by  curved,  crossed,  or  broad-based 
spokes.  The  run  of  improvement  now  is  in  the  hubs 
and  the  modes  of  securing  the  spokes  therein.  See 
Hub  ;  Spoke  ;  Felly. 

Car'rlok-43end.  {NarUical.)  A  knot  formed 
on  a  bight  by  putting  the  end  of  a  rope  over  its 
standing  part,  so  as  to  form  a  cross  ;  reeve  the  end 
of  the  other  rope  through  the  bight,  up  and  over  the 
cross  and  down  through  the  bight  again,  on  the 
opposite  side  from  the  other  end.  See  Bend. 
Car'riok-bittB.      {Shipbuildiiig,)    The  vertical 
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posts  or  cheeks  which  support  the  barrel  of  the 
windlass. 

Car'rler.  {Turning.)  1.  A  driver  in  a  lathe,  to 
impel  the  object  which  is  supported  on  the  frofU 
and  Inick  spindles,  otherwise  called  the  live  -and 
dead  spindles.  It  is  attached  by  a  set-screw  to  the 
shaft  to  be  turned,  or  to  a  mandrel  on  .which  a 
round  object  is  driven  for  the  purpose  of  being 
turned.  The  carrier  is  driven  around  by  a  projec- 
tion on  the  cejUer-eh-uck  or  face-plate.   .  A  UUhe-dog. 

2.  A  distributing-roller  in  a  carding-machine. 

3.  A  roller  between  the  drum  and  the  feeding- 
rollers  of  a  SGribbling-mAchine  for  spinning  wool. 

4.  A  spool  or  bobbin-holder  in  a  braiding-ma- 
chine wWch  follows  in  the  curved  path  which 
intersects  the  paths  of  other  bobbins,  and  thus 
lays  up  the  threads  inti^  a  braid.  See  Braid- 
ing-machine. 

Car'ron-ade'.  A  short,  light  species  of  cannon 
intended  for  firing  solid  shot  at  short  ranges,  with 
comparatively  small  charges. 

It  has  no  tnmnions,  but  is  secured  to  its  carriage 
by  a  bolt  passing  through  a  lug  or  "  navel "  cast  on 
its  under  side.  This  form  of  gun  was  formerly 
much  used  on  shipboard,  but  is  now  nearly  obso- 
lete. 

So  named  from  the  foundry  on  the  river  Carron, 
Stirlingshire,  Scotland,  where  they  were  first  cast  in 
1779. 

Car'ry-alL  (Vehicle,)  A  light,  four-wheeled 
family  vehicle  drawn  by  one  horse. 

Car-seat.    A  seat  in  a  railway-car.    The  bock  is 
usually  reversible,  so  as 
to  adapt  it  for  passengers  Pfg- 1138. 

in  either  direction  of  mo- 
tion of  the  car,  the  pref- 
erence being  to  **  face  the 
horses,"  as  it  is  called. 
The  facility  for  reversing 
is,  moreover,  useful  in 
throwing  two  seats  into  a 
"section  "  for  a  party. 

Car-seats  are  also  made 
reclining,  for  night  travel ; 
such  are  termed  "sleep- 
ing-chairs." 

The  occupant  of  the 
chair  can  ac^just  the  back 
to  any  desired  angle  by 
means  of.  a  hand-lever  c, 
which,  on  being  released, 
allows  the  pawl  G  to  drop 
into  the  nearest  notch  in  the  plate  />,  and  hold  the 
seat    stationa- 

rily  in  the  de-  Fig.  1189. 

sired  position. 

For  this  pur- 
pose,  back, 
seat,  and  arm 
are  pivoted  to- 
gether, the  sta- 
tionary point 
on  which  they 
oscillate  being 
at  the  apex  of 
the  A-snaped 
support.  As 
the  seat  slides 
to  the  rear,  the 
back  reclines, 
and  the  leg- 
boanl  is  pro- 
jected in  front. 

Other      car-  Redming  Car-Snt, 


Reversible  Car- Seat. 
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SHits  are  cabbie,  by  addition  of  partK,  of  being 
transformed  into  coaches. 

Car-seat  Arm-look.  {Bailtoay,)  A  lock  at- 
tached to  the  bar  of  a  seat-back,  to  prevent  its  being 
reyersed  by  uuaathorized  persons.  The  bolt  is'with- 
drawn  by  a  key. 

CSarnqpit^toon.    A  spittoon  inserted  in  the  floor 

Flg.U4a 


Cttt-l^ittoon. 

of  a  car  and  discharging  beneath.  It  has  a  valv<% 
operated  by  a  trigeer  under  the  control  of  the  foot. 

Car-spring.  A  resilient  or  yielding  structure  or 
material,  interposed  between  the  car  and  the  axle  to 
prevent  the  jar  of  the  wheel  being  communicated  to 
the  car ;  or  to  moderate  the  effect  of  the  rolling  or 
pitching  motion  of  the  car. 

Car-springs  are  of  various  forms  and  materials, 
and  are  variously  placed.  In  railway  passen^r-cars 
there  are  several  sets,  usually  of  different  kinds,  at 
different  places  between  the  point  of  jar  and  the 
car-bed.  A  good*  instance  may  be  seen  in  Car- 
truck,  where  the  various  parts  are  exhibitwl,  and 
-the  transference  of  the  jar  from  one  point  to  another 
is  explained.     See  Car-truck. 

Car-springs  may  be  classed  as  :  — 

Elliptical.  Spiral. 

Pneumatic.  Helical. 

Torsional.  Circular  plate  ;  plane,  cor- 

Rubber.  rugated,  and  segmental. 

Rubber  and  steel.  Square  plate. 

Rubber,  steel,  and  air.  Bow.^ 

In  the  series  of  illustrations  the  parts  and  struc- 
ture are  so  evident  that  a  short  description  only 
will  be  given. 

Fig.  1141. 


Car-Spnnis, 


Fig.  1141,  a  is  a  double  elliptic  spring,  the  bear- 
ing of  whose  end-leaves  are  so  shaped,  that,  as  the 
spring  bends  beneath  its  load,  additional  leaves  re- 
ceive a  bearing  upon  the  ovoid  bars. 

&  is  an  elliptic  spring  whose  principal  leaves  are 
made  of  a  continuous  plate  wound  round  and  round. 
Auxiliary  plates  above  and  beneath  extend  the  area 
of  bearing  of  the  boxes  or  bars. 

c  is  an  elliptic  spring  made  of  a  single  plate 
wound  around  a  mandrel  of  the  shape  indicated.  It 
is  designed  to  be  used  with  upper  and  lower  ban  as 
at  6,  or  in  a  box,  a.s  at  d. 

d  shows  an  elliptic  spring  in  a  box,  and  a  follower 
above,  npon  which  the  weight  is-  imposed.  The 
position  of  the  spring,  in  the  box,  is  maintained  by 
bolts,  and  the  upwaixL  motion  of  the  follower  is  re- 
strained by  two  long  bolts 'as  shown.  These  keep 
the  followers  from  bouncing  out  of  the  box. 

e  shows  a  series  of  plates  which  assume  the  ellip- 
tical form  e'  when  the  weight  bears  upon  them 
heavily.  The  box  above  the  spring  has  a  series  of 
steps  beneath,  adapted  to  the  lengths  of  the,  leaves 
of  the  spiing,  so  tnat  as  the  weight  increases  addi- 
tional leaves  obtain  bearings  in  tne  box.     The  ob- 
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ject  is  to  give  elasticity  with  light  loads  and  strength 
for  heavy  loads,  by  bringing  additional  plates  into 
work  as  the  load  increases.  This  feature  of  cumu- 
lative parts  is  found  in  several  other  forms  of  springs, 
which  will  be  noticed  in  turn. 

/  is  one  form  of  pneumatic  spring,  in  which  the 
weight  is  impo.sed  upon  a  box  whose  central  plunger 
bears  upon  the  surface  of  the  water  in  the  lower 
box.  A  body  of  air  is  imprisoned  in  the  annular 
portion  of  the  lower  box,  and  is  compressed  by  the 
pressure  on  the  water,  the  latter  serving  merely  as 
an  interposed  material  to  transfer  the  pr^snre,  as  in 
the  air-compressing  machines  (Figs.  71  and  72,  p. 
32).  The  central  rod  has  a  disk  on  its  lower  end, 
which  is  tightened  by  a  screw  against  the  lower  end 
of  the  plunger,  to  compact  the  ])acking. 

In  Fig.  1142,  (/  is  a  torsional  sprint,  in  which 
the  weight  of  the  tmck-frame  a  is  thrown  upon 
spring-rods,  whieh  are  placed  transversely  beneath 
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the  truck.  The  ends  of  these  rods  are  shown  at 
e  e,  and  firmly  attached  to  them  are  arms  b  6,  whose 
ends  rest  on  bearing-blocks  above  the  axles.  As 
the  track-frame  sinks  with  its  superincmubent  load, 
a  torsional  pressure  is  brought  upon  the  rods  and 
by  them  transferred  to  the  axle-boxes. 

/»  is  a  pneumatic  spring  iu  which  the  air  is  con- 
tained in  an  india-rubber  baf  in  the  box,  forming 
an  air-cushion  beneath  the  foUower. 

i  is  a  hollow  india-rubber  ball  in  a  box  with  a 
polished  interior. 

j  has  a  number  of  disks  of  india-rubber  or  cork  ih 
the  box,  beneath  the  follower. 

k  has  a  combiuation  of  steel  elliptic  springs,  with 
auxiliary  rubber  blocks  at  the  ends. 

I  has  concavo-convex  plates  fitted  upon  a  spindle, 
with  interposed  vulcanized  india-rubber  disks.  The 
plates  are  cruciform  in  plan. 

In  Fig.  1143,  m  is  a  compound  spring,  having  a 
cylinder  of  vulcanized  rubber,  with  an  interior  coil 


Car-Springs, 

to  keep  it  from  binding  against  the  spindle,  and  an 
exterior  spiral  coil  to  keep  it  from  spreading  too  far. 
The  illustration  shows  it  in  its  compressed  condition. 

n  is  a  spring  of  combined  steel,  rubber,  and  air. 
The  air  is  inclosed  in  the  rubber  tnlie,  and  the 
•  latter  yields  with  the  spiral  envelope  to  the  imposed 
weight. 

0  has  an  india-rubber  cylinder  inclosing  a  spiral 
steel  spring,  and  having  a  bolt,  to  limit  the  extent 
of  upward  movement  of  the  cover.  The  flan^d  rim 
of  tne  cover  affords  a  bell-mouth,  into  which  the 
nibber  expands. 

p  has  the  spiral  steel  spring  contained  in  an  annu- 
lar case. 

'     q  has  a  pair  of  concentric  spiral  springs  on  the  re- 
spective sides  of  a  dividing-cylinder.     In  the  illus- 


tration, the  spring  is  shown  as  extended,  in  which 
position  the  follower  is  not  in  contact  with  the 
nibber  cylinder,  so  that  the  latter  comes  in  as  aux- 
iliary to  the  spiral  screws  when  they  have  attained 
a  certain  point  of  depression. 

r  is  a  combination  of  spiral  and  rubber  springs, 
with  telescopic  tubes  which  form  walls. 

5  is  a  concentric  arrangement  of  several  spiral 
springs  coiled  in  diverse  directions  alternately. 

t  shows  a  closer  coil  of  the  same  general  construc- 
tion, but  diflerent  proportions. 

u  is  a  congeries  of  spiral  springs,  one  in  the  cen- 
ter, six  in  a  hexagonal  ari-angemeut  around  the  ceu- 
ti-al  one.  Each  set  has  a  pair  of  spirals  concentrically 
arranged,  diversely  coiled,  and  inclosed  in  its  cylin- 
drical sheath. 

V  consists  of  a  steel  plate  folded  and  then  bent  in- 
to a  spiral  form  around  a  mandrel. 

t^  is  a  volute  or  helical  spring,  in  which,  differing 
from  the  spiral,  the  plate  is  wound  on  itself,  and 
does  not  preserve  the  same  diameter.  The  inner 
fold  of  the  volute,  being  projected  iu  the  line  of  its 
axis,  is  made  to  sustain  the  load. 

X  is  another  helical  spring,  shown  iu  elevation. 


FiK.  1144. 
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In  Fig. 


o-  1144,  y  yf  are  respectively  a  sectional  view 

in  isometrical  projection  ana  in  simple  elevation  of  a 
car-spring  formed  of  a  number  of  circular  plates,  of 
which  those  in  each  seriea  are  of  graduated  diame- 
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ters.  In  y  the  spring 
is  a  pair  of  such  series  ; 
in  y^  two  pairs  of  such 
are  allied.  j 

z  has  annular  dish- 
shaped  disks  arranged  < 
in  pairs  and  united  by 
means  of  a  rod  passing 
through  them. 

a  has  plates  formed 
of  segments  of  spheres, 
and  alternating  with  _ 
flat  plates  in  groups ; 
the  whole  placed  in  a 

box  in  which  it  is  subjected  to  the  pressure  of  a  fol- 
lower. 

In  6,  the  spring  is  composed  of  a  pile  of  circular 
plates  corrugated  radially  and  arranged  round  a  stem. 
In  c,  the  spring-plates  are  of  gradually  increasing 
lengths  upward  and  downward  from  the  middle 
diaphragm,  and  are  inclosed  in  a  case  whose  top  and 
bottom  plates  are  movable  and  have  bearings  on  the 
ends  of  the  longer  and  outer  spring-plates.  Rubber 
springs  are  interposed  between  the  movable  plates 
or  the  case  and  the  spring-plates. 

d  has  several  pairs  of  concavo-convex  i-adially  cor- 
rugated plates  ;  oetween  the  two  plates  of  a  pair  is 
an  interposed  disk  of  vulcauizea  rubber.  ^  is  a 
sectional  view  of  the  same. 

e  shows  a  box  having  several  metallic  plates,  com- 
pressed from  opposite  directions  and  shortening  be- 
tween bearings  as  they  are  bent.  This  has  the  effect 
of  making  them  less  pliable  as  they  recede  before 
the  weight. 

/  has  square  or  rectangular  plates  curved  diago- 
nally and  fastened  together  at  the  comers,  thus  form- 
ing alternate  pairs,  which  bear  upon  each  other  at 
the  corners  and  diagonally  througn  the  centers  ;  the 
bearing- points  of  the  platen  are  changed  by  being 
lengthened  and  shortened  when  the  spring  vi- 
brates. 

g  has  square,  rhombic,  oval,  or  circular  plates,  bent 
bow-shaped,  and  interposed  between  the  Dolsters. 

h  has  a  plate  or  plates  so  disposed  between  the 
bearing-surfaces  that  with  a  light  load  it  rests  upon 
its  ends  and  has  its  weight  at  the  mid-length.  When 
.  the  weight  increases,  the  load  is  transferred  to  points 
on  the  upper  block  nearer  to  the  ends  of  the  spring, 
and  the  rest  of  the  latter  is  transferred  to  points 
nearer  the  mid-len^h,  so  as  to  shorten  the  portion 
of  spring  involved  m  the  support. 

Numerous  modifications  and  applications  of  the 
foregoing  examples  might  be  shown.  The  trouble 
is,  not  that  matter  fails  for  more  copious  illustra- 
tion, but  that  there  is  not  room. 

Car-staka  (Bailway.)  A 
standard  set  up  in  iron  loops 
or  sockets  on  the  side  of  a 
platform-car,  to  hold  a  loose 
load,  such  as  lumber  or  the 
like. 

Car  -  Btart'er.  {RaUtoay, ) 
A  device  to  assist  in  starting  a 
street-car  from  the  dead-stop. 
These  are  of  two  kinds  :  — 

1.   Those  in  which  the  mo- 
mentum of  the  car  when  the 
motion  is  arrested  is  made  to 
J  accumulate  a  starting  force. 
In  Fig.  1146  the  pressure  on 
the  br^e-treadle  G  causes  a 
frictional  contact  between  the 
driving-wheels  B  and  the  fric 
Dv-'Staite.  tion  -  wheels  D  on   the   same 
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axle,  which  retards  the  motion  of  the  drivers  and 
condenses  the  spiral  spring.  When  the  pressure  of 
the  foot  is  withdrawn,  the  strength  of  the  sprTng  is 
permitted  to  actuate  the  ratchet  on  the  wheel  B  and 
assist  in  giving  the  initial  impulse,  after  which  the 
parts  assume  their  normal  position,  leaving  the  driv- 
ing-wheels free.  There  are  numerous  modifications 
of  the  general  idea. 

2.  A  device  in  which  the  power  of  the  team  b 
temporarily  applied  to  give  a  direct  impulse  upon 
the  Wheel,  so  as  to  start  the  latter  rolling,  and  then 
transfer  the  power  to  the  car  as  usual. 

In  Fig.  1147  this  form  of  car-starter  is  shown. 
The  draft-pole  is  connected  to  a  lever  and  pawl,  and 
the    latter  engages  a    ratchet-wheel    as   the    axle. 

Fig.  1147. 


One  specifically  adapted 
Fig.  1148. 


Oar-Stttrter. 

After  say  a  sixth  of  a  revolution  of  the  wheel,  the 
pawl  is  disengaged  and  the  usual  draft  condition  of 
the  car  is  resumed. 

Car-stove.  (Itailway,) 
for  railway  cars,  having 
certain  means  for  seci^r- 
ing  in  place,  prevention  ] 
of  scattering  of  fire  in 
case  of  upsetting,  or  ar- 
rangements for  the  in- 
duction of  outside  air, 
and  transmission  of  the 
warmed  air  to  the  inte- 
rior of  the  car. 

Stoves  are  fastened  by 
sockets  in  the  floor,  an- 
chor-bolts, and  guys. 

Fig.  1148  shows  a  stove 
which  has  an  air-induc- 
tion pipe  surrounding  i\w 
flue-pipe  of  the  stove. 
Hooas  above  the  car-top 
catch  the  air,  which  pass- 
es down  and  occupies  the 
air-j^ket  around  the 
stove,  and  from  whence 
it  is  dischai^ged  into  the 
car  through  registers. 

Cart  Carts  and  wag- 
ons were  used  by  the 
Scythians  in  the  time  of 
Herodotus  (450  B.  c), 
and  are  mentioned  a  cen-  . 
tury  later  by  Hippoom-  Qn-Sioik. 
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Hg.lliS.  tea.      The   latter    de- 

scribes them  as  either 
four  or  six  wheeled. 

"  Their  wagons  are 
the  only  houses  they 
possess. '  —  Herodo- 
tus, IV.  46. 

These  vehicles  are 
drawn  by  oxen,  as  rep- 
resented in  the  cut  at 
a  b  c.  The  bodies  of 
these  carts  are  perma- 
nent or  detachable ;  in 
the  latter  case  consti- 
tuting a  tent -frame 
with  a  felt  covering, 
which  was  readily 
placed  on  or  off  the 
running -^ar  of  the 
vehicle.  Thes«areyet 
in  use  amon^  some  of 
the  Tartar  tnbes,  while 
others  use  carts  like 
the  gypsy  habitations, 
ScijtJuan  Carts.  Unfortunately  so  com- 

mon in  England  and 
the  United  States.    See  Wagon. 

Hesiod's  cart  had  low  wheels,  and  was  ten  spans, 
about  7h  feet,  in  width. 

**  In  default  of  camels,  merchandise  is  generally 
transported  through  the  deserts  of  Tartary  by  means 
of  little  two-wheeled  carts.  A  few  spars  of  rough 
timbers  are  all  the  material  employed  in  their  con- 
struction ;  and  they  are  so  light  that  a  child  can 
raise  them  with  ease.  The  oxen  which  draw  them 
have  a  small  ring  of  iron  passed  through  their  nos- 
trils, to  which  a  cord  is  attached  that  links  the  ox 
to  the  cart  which  precedes  him  ;  thus  all  the  carts 
are  held  together,  and  form  an  uninterrupted  file." 
—  Hue*8  Travels  in  Tartary,  1844  -  46. 

As  Strabo  (19  b.  c.)  says  :  **  The  rest  of  the  coun- 
tries of  Asia  are  principally  inhabited  by  Scenites 
(inhabitants  of  tents  j  Scythians)  and  nomads  {ha- 
maxceci,  dwellers  in  vxigoiis),  who  dwell  at  a  gi-eat 
distance." 

Sometimes  a  wave  breaks  over  the  boundary,  and 
the  West  sees  an  irruption  of  Huns,  Turcs,  or  Tartars  ; 
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sometimes  the  head  of  the  horde  becomes  a  conquer- 
or, as  when  Genghis  the  Khan  con- 
quered   China,    rersia,   and    Central 
Asia,  A.  D.  1206  ;  or  Timour  (Tamer- 
lane) conquered  Persia,  founded  a  dy- 
nasty in  India  1402-1749,  and  broke  | 
the  power  of  the  Turcs  in  Asia  Minor. 
Tne  Chilian  cart  rf  is  a  good  illus- 
tration  of   the    primitive   vehicle  on 
wheels.     Its  wheel  consists  of  disks  ^ 
sawn  or  chopped  from  a  log  and  bored  i 
for  the  axle.     The  tongue  or  pole  is  ^^ 
secured  to  the  axle  and  forms  the  frame 
of  the  bed,  somewhat  like  a  city  dray. 


Enlargements  on  the  centers  of  the  wheels  outside 
form  hubs,  to  prevent  the  wobbling  of  the  wheels  on 
the  spindles.  The  hub  and  spindles,  being  of  wood, 
and  having  a  plentiful  lack  of  grease,  make  music, 
—  such  as  it  is. 

The  French  E^igineer  Perronet,  who  executed  so 
many  heavy  public  improvements  during  the  last 
century  (b.  1708 ;  d.  1794),  seems  to  have  been  ca- 
pable of  great  projects,  original  devices,  fanciful  or- 
namentation, graceful  designs,  and  effective  details. 

His  ingenuitv  was  manitested  in  the  centering  of 
his  arches,  cofi(er-dams,  hydraulic  and  hoisting  ma- 
Fig.  1151. 


PtrroneVs  Carts. 

chines,  and  in  many  other  departments  which  we 
have  had  occasion  to  refer  to  in  their  proper  places. 

For  removing  the  earth  excavated  in  constructing 
the  foundations  of  his  numerous  bridges,  he  used 
carts  in  [uiirs,  coupled  together. 

Each  cart  had  a  bed  capable  of  holding  half  a  cu- 
bic yard  of  earth,  and  so  suspended  from  the  axle 
that  a  part  of  the  contents  was  below  the  same,  near- 
ly biJancing  the  load,  so  that  the  earth  was  easily 
dumped.  In  the  rear  of  the  forward  cart-frame  was 
a  shackle,  by  which  another  cart  was  attached. 
Each  cart  could,  therefoi*e,  be  separately  loaded  and 
drawn  into  the  regular  track  along  which  it  was  con- 
veyed. 

The  shafts  and  frame  were  of  timber,  and  the  axle 
of  iron.     The  wheels  were  large,  and  were  placed  far  . 
apart,  to  avoid  upsetting.     The  rear  carts  had  poles, 
the  ibrward  ones  shafts. 

The  modem  cart  in  England  is  adapted  for  many 
uses.  With  wide-spreading  raves  it  is  much  used 
on  the  farms,  especially  in  some  parts  of  the  country. 
The  carts  of  the  various  trades,  as  coal-merchants, 
butchers,  market-men,  and  others,  cannot  be  more 
than  referred,  to  here.     The  cart  Fig.  1152  is  a  low 
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body  adapted  for  freight  or  express  boxes,  night-soil, 
or  city  drayage.  The  hind  axle  is  bent,  and  the 
fore-end  of  the  cart  rests  on  a  fore-carriage,  consti- 
tuting it  a  wagon,  or  very  nearly  so. 

Damping-carts  for  removine  earth  have  a  bed 
hinged  to  Uie  axle,  and  adapted  to  tilt  up  and  dis- 
cha^  the  load  when  so  desired. 

Manure-carts  are  made  in  Britain  specially  adapted 
for  distributing  liquid  or  partially  liquid  manure 
either  broadcast  or  in  drills.  They  are  fitted  with 
Dumjps  so  as  to  be  loaded  from  the  tanks,  and  the 
oistnbution  is  made  by  perforated  pipes  or  travel- 
inff-buckets.  ' 

Manure  dumping-carts  are  also  used,  the  barrel- 
shaped  reservoir  turning  on  its  axis  to  dischaige  its 
contents. 

A  manure-cart  is  also  sold  in  England,  having  a 
rotating  spiked  roller  which  distributes  the  barn- 
yard manure  from  a  cart  or  wagon  as  the  vehicle 
passes  over  the  gi-ound. 

Car'thoun.  {Ordnance,)  The  old  cannon-royal, 
carrying  a  66-poaud  ball.  It  was  12  feet  long,  and 
had  a  caliber  of  8}  inches.    , 

Cart-lad'der.  (Vehicle.)  A  rack  thrown  out 
at  the  head  or  tail  of  a  cart,  to  increase  its  carrying 
capacity.     Called  raves  in  some  places. 

Carlton.    Pasteboard  for  paper-boxes. 

Car'ton-pi-erre'.  1.  A  species  of  papier-mache, 
imitating  stone  or  bronze  sculpture.  It  is  composed 
of  paper-pulp  mixed  with  whiting  and  glue.  This 
LB  pressed  into  plaster  piece-molds,  backed  with 
paper,  and  when  sufficiently  set,  removed  to  a  dry- 
mg-room  to  harden.  It  is  used  for  picture-frames, 
statuettes,  and  architectural  ornaments. 

2.  Very  hard  pasteboard. 

Car-toon'.    A  sketch  in  chalk  made  on  rough 

iper,  to  be  transferred  by  pricking  through  on  to  a 
'reshly  plastered  wall  to  be  painted  in  fresco.  Among 
the  most  celebrated  are  those  of  Raffaelle. 

Car-touch'.  1.  (Architecture.)  A  modillion  or 
console  supporting  the  cave  of  a  house. 

2.  (Fire-arms.)  a,  A  cartridge ;  a  roll  of  i>aper 
containing  a  charge. 

b.  A  case  filled  with  shot  to  be  fired  from  a  can- 
non.    (Obsolete.) 

Car-touch'-boz.  A  portable  case  in  which 
cartridges  are  carried.     A  cartridge-box.     See  Ac- 

OOUTER.MENTS. 

Car'trldge.  A  "round"  of  ammunition,  in- 
cluding the  ball  with  the  sabot,  if  any,  and  its  pro- 
jecting charge,  enveloped  in  a  single  case. 

This  is  a  modem  institution,  it  having  beeu 
oriMnally  customary  to  employ  loose  powder  and 

Then  followed  a  cartridge  containing  a  measured 
quantity  of  powder,  the  bullets  being  carried  sepa- 
rately in  a  b^.  The  end  of  the  paper  cylinder  was 
bitten  off  and  the  paper  used  as  a  wad.  Gustavus 
Adolphus  (killed  at  Lutzen,  1632)  is  said  to  have 
been  the  first  to  have  made  up  the  cartridge  with  a 
measured  quantity  of  po^vder  and  a  ball  fastened 
thereto. 

Sir  James  Turner,  in  the  time  of  Charles  II.  of 
£ngland,  speaks  of  cartridges  employed  by  horse- 
men, carried  in  a  "patron"  which  answered  to  the 
modem  cartridge-box.  After  this  time  it  appears 
that  cartridges  were  carried  in  cases  suspendea  from 
bandoliers,  equivalent  to  the  more  modem  bayonet 
soabbard-belt. 

Soon  afterward  the  great  improvement  —  the 
cartridge-box  —  was  adopted,  which  still,  under 
various  modifications,  continues  in  use.     See  Ac- 
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are  now  practically  obsolete.  These  were  formed  of 
a  paper  cylinder,  which  was  partially  filled  with 
powder  and  choked  near  its  mid-length  by  twine, 
the  powder  occupying  one  end  and  the  ball  the 
other.  Other  substances  than  paper,  as  animal  in- 
testines prepared  in  a  peculiar  way,  were  sometimes 


employed.  Colt  covered  his  cartridges  with  tin- 
foiC  and  afterwards  a  paper  saturated  with  nitrate 
of  potassa  was  inti-o- 
duced.  This  might 
be  placed  in  the  gun 
as  it  was,  the  cov- 
ering .  facilitatiuKi 
rather  than  retard- 
ing, the  ignition  of 
the  .  powder.  In 
Fig.  1153,  a  is  a 
htick  and  ball  car- 
tridge, b  one  having 
buckshot  only,  c  the 
Pmssian  needle-gun 
cartridge  (see  Fire- 
arm). In  this  the 
bullet  £  has  a  sabot 
Af  se|)arating  it  from 
the  powder  D,  and 
having  at  its  base  a 
cavity  C,  for  the  re- 
ception of  fulminate. 
The  case  of  this  car- 
tridge is  made  of 
paper. 

a,  Snider's,  for 
the  muzzle-loading 
fjifield  rifle  con- 
verted into  breech- 
loading  (see  Fire- 
arm), is  made  up  of 
a  sheet-brass  cylin- 
der Af  into  which 
is  inserted  the  bullet 
B,  having  at  its  base 
a  recess  E,  which 
contains  a  plug  of 
cluy.  Back  of  this 
is  the  powder-cham- 
ber, having  at  its 
base  a  sabot  O,  into 
a  cavity  of  which 
fulminate  is  insert- 
ed and  exploded 
through  the  action, 
of  the  firing-jdunger 
on  a  cap  C. 


Metallic  Vartridt^e-OufJ 


It  may  be  remarked  that  the  American  process  of 
drawing  out  the  blanks  for  metallic  cartndge-cases 
into  tubes  is  now  generally  adopted  into  the  Euro- 
pean services. 

Tills  .style  of  cartridges  is  divided  into  two  classes 
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—  rim  fire  and  center  fire,  —  the  fiwt  having  the 
fulminate  arranged  within  a  cavity  around  the  in- 
terior of  the  Hange,  and  the  latter  havine  it  arranged 
at  the  center  of  the  head  or  base  of  the  cartri(&e. 
Each  kind  recjuires  the  hammer  or  firing-pin  uf  the 
gun  to  be  specially  arranged,  in  order  to  strike  the 
cartridge  at  the  proper  point,  though  cartridges 
have  been  devised  in  the  United  States  to  be  both 
rim  and  ceiUer  fire,  and  ffuns  have  also  been  made 
to  fire  either  or  both  kinds  of  cartridges. 

The  idea  of  using  sheet  metal  for  this  purpose 
seems  to  have  originated*  with  the  French. 

In  1826,  Cazalat  pitented  a  cartridi^e  of  this  kind 
{a,  Fig.  1154),  having  a  receptacle  with  a  covering 
patch  of  water-proof  paper  for  fulminate  at  its  base. 
A  hole  in  the  bottom  or  the  cup  admitted  fire  to  Uie 
chaige.  This  appears  to  have  been  in  advance  of 
the  age,  being  drawn 
Fig.  1166.  from  a  single    piece  of 

copper,  and  Deing  center- 
fire,  h  and  c  represent 
two  forms  of  the  Lefau- 
cheux  cartridge, —  one  of 
the  earliest  of  this  kind. 
In  6,  the  cap  is  secured 
to  an  anvil-block  ;  in  c, 
a  plunger,  struck  by  the 
hanuner,  explodes  a  ful- 
minate placed  in  a  cham- 
ber at  tne  base. 

dy  e,  show  modifica- 
tions of  this,  the  anvil 
and  cap  principle,  in 
which  the  pin  is  dis- 
pensed with. 

/.  One  of  the  earliest- 
known  cartridges  is 
that  of  Roberts,  of  Paris, 
1834,  in  which  an  an- 
nulus  was  formed  at  the 
base  to  contain  fulmi- 
nate. 

g  is  the  Flobert  car- 
tridge, in  which  is  a 
ball  with  a  charge  of 
fulminate  at  the  base, 
which  does  the  duty  at 
once  of  priming  and  pro- 
pelling, adapted  for  tar- 
get-practice at  short 
ranges. 

h,  if  Smith  and  Wes- 
son patents,  1854,  1860. 
In  tne  first  of  these  the 
fulminate  was  contained 
jn  a  capsule  at  the  base, 
and  in  the  latter  in  an 
annulus  within  the 
flange  surrounding  the 
base  of  the  cartridge, 
MetaUie  Oartridgfft.  and  secured  in  place  by 

H  pasteboard  disk. 
ft  y»  jy  show  some   other  forms  of  metallic  car- 
tndge  as  now  commonly  used. 

k  18  the  Berdan  cartridge  ;  this  has  an  exterior 
central  recess,  a  bottom  to  receive  the  cap,  which  is 
exnloded  upon  an  anvil  turned  up  on  an  interior  me- 
tallic lining.  The  case  is  adapted  to  fit  a  chamber 
lareer  in  diameter  than  the  bore  of  the  barrel. 

The  mode  now  generally  adopted  for  forming 
metallic  cartridges  is  to  punch  the  blank  out  from 
a  sheet  of  bra-ss,  and  to  draw  it  between  successive 
roUs  and  punclies  until  it  assumes  the  required 
shape.     The  shape  which  the  cartridge -case  assumes 


during  the  different  stages  of  the  process  is  shown 
in  the  figures  I  tor. 

Cannon -cartridges  for  6  and  12  pounder  smooth- 
bored  field-guns,  the  former  of  which  may  now  be 
considered  obsolete,  have  the  powder-charge,  con- 
tained in  a  woolen  or  silken  bag,  and  the  projectile 
united  together  by  twine.  For  lai^r  smooth-bored 
and  all  rifled  guns,  the  powder  is  put  up  in  a  sepa- 
rate, bag,  still,  however,  retaining  the  name  of  car- 
tridge. 

Car'tridge-bag.  (Ordnance.)  A  flannel  bag 
holding  a  charge  of  powder  for  a  cannon. 

Cartridge-belt  A  belt  for  the  waist  or  to  go 
over  the  shoulder, 

havingpockets  for  Fig.  1166. 

fixed  anmiunition. 

Car'tridge- 
box.  Gustavus 
Adolphus  (killed 
at  Lutzen,  1632) 
reduced  the  i 
weight  of  the  | 
musket  from  fif- 
teen pounds  to  ten. 
He  also  intro- 
duced  the  paper 

cartridge,     which  Oanridtt-BOt. 

at  first  only  con-      ' 
tained  the  powder,  the  ballets  being  kept  in  a  1 

Cartridge-boxes  at  first  were  very  small,  but  the 
Germans  soon  enlarged  them  so  as  to  contain  forty 
rounds.  Nevertheless,  for  a  long  time  after,  prim- 
ing was  done  with 

a    powder-horn,  Fig.  1167. 

until  at  length 
the  plan  of  using 
some  of  the  pow- 
der of  the  car- 
tridge was  hit 
upon. 

Uartridge-boxes 
are  made  to  con- 
tain such  number 
of  rounds  as  may 
suit  the  service. 
Some  are  spe- 
cially adapted  to 
certain  kinds  of 
ammunition,  as 
the  Spencer,  for  instance.  (See  Accouterments.) 
Some  are  desigfiitnl  to  give  each  cartridge  a  pocket, 
to  prevent  their  jumbling  about.  One  of  them  is 
cireidar,  having  radial  pockets  ;  another  has  flaps 
and  loops,  like  a  homoeopathic  dispensary. 

Car'tridgeFill'er.  A  device  for chai^ng  cartridge* 
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\  with  the  pro]>er  quantity  of  powder.  In  that 
ahown,  the  two  filUng-tubes  a  a  are  naitially  rotated 
by  the  lever  6,  so  as  to  brinj(  each  of  tnem  alternately 
nnder  the  funnel  c,  and  over  the  dischai^-aperture 
d;  while  one  is  being  filled,  the  other  is  discharging  its 
contents  into  a  cartridge-case  through  the  pipe  e. 

Car'trldge-pa'per.  A  strong  paper  of  which 
cartridges  ai-e  made.  It  is  of  various  sizes  and  thick- 
nesses, according  to  the  kind  of  cartridge  to  be  made, 
ranging  from  a  quality  similar  to  bank-note  paper, 
employed  for  small-anu  cartridges,  to  that  used  for 
cannon  cartridges,  which  is  about  the  thickness  of 
thin  pasteboam,  but  rougher  and  more  flexible. 
The  latter  is,  however,  now  seldom  or  never  used.  The 
different  qualities  are  in  the  United  States  service 
numbered  from  1  to  6,  the  latter  being  the  coarsest 
aiid  thickest. 

Car'tridge-prixn'ing  Ma-chine'.  A  machine 
by  which  the  fulminate  is  placed  in  the  copper-cap- 
sule of  the  metallic  cartridge.  The  fuhninate  is  dif- 
ferently disposed  for  center-tire  and  for  rim-fire  car- 
tridges ;  in  the  latter  the  cartridge-case  is  rotated  on 
its  longitudinal  axis,  to  dispose  by  the  centrifugal 
action  the  fulminate  at  and  about  the  flange. 

Car'tridge-re-traot'or.  That  part  of  a  breech- 
loading  fire-arm  which  catches  the  empty  cartridge- 
capsule  by  its  flange,  and  draws  it  i^earwardly  from 
the  bore  of  the  gun. 


Car'tridga-i^Tire.  1.  (Blasting.)  The  priming- 
wire  whereby  the  cartridge  is  connected  to  the  con- 
ducting-wire  of  the  voltaic  battery. 

2.  {Ordnance.)  The  needle  whereby  the  cartridge- 
envelope  is  pierced,  in  order  that  the  priming  may 
connect  with  the  powder  of  the  cartridge. 

Car-truck.  (Railway.)  A  wheeled  carriage  be- 
neath a  railway  car.  The*  first  railway  cars  had 
wheels  on  axles,  arranged  similarly  to  those  of  a  wag- 
on. It  was  afterwards  found  more  convenient  and 
efficient  to  shrink  the  wheels  on  to  the  axle,  so  that 
they  might  revolve  together ;  but  even  then  the  ped- 
estals of  the  axle-boxes  were  attached  to  the  bed  of 
the  car,  as  is  yet  the  case  generally  in  Europe. 

The  American  practice  £as  long  been  to  support 
the  car  on  two  four-wheeled  trucks,  and  latterly 
six-wheeled  trucks  have  been  used  under  a  superior 
class  of  passenger-cars.  The  capacity,  duty,  and  en- 
durance of  car-wheels  is  alluded  to  under  Cab- 
wheel  ;  but  it  may  be  here  stated  that  the  addition 
of  the  two. wheels  to  the  truck  increases  by  one  half 
the  number  of  parts  involved  iu  the  duty  of  support- 
ing the  load. 

There  are  manv  kinds  of  trucks,  but  they  asree 
in  the  feature  of  swiveling  beneath  the  car-bed  aa 
the  car  rounds  a  curve,  and  in  having  a  oei-tain 
freedom  of  motion  which  is  not  as  necessarily  trans- 
mitted to  the  car  as  it  would  be,  on  a  truck  of  a  giv- 


Fig.  1168. 


en  quality,  were  the  axle-boxes  on  pedestals  attached 
to  the  car-bed  directly. 

In  the  illustration,  a  a  are  the  longitudinal  tim- 
bers of  the  frame  of  a  passenger-car  truck,  such  as 
may  be  found  on  some  of  the  best  of  our  railways,  d  is 
one  of  the  transverse  timbers  of  the  frame.  Within 
this  frame  is  suspended  the  swinging-boUtUr  c,  having 
at  its  mid-length  the  center-cfisting  rf,  which  forms 
the  bushing  for  the  king-bolt,  and  also  what  may  be 
called  the  **  fifth  wheel, '  on  which  the  car-end  oscil- 
lates as  it  swerves,  rolls,  and  pilches.  The  car-frame 
a  6,  while  supporting  the  car-end  through  the  medium 
of  the  swinging-bolster  as  described,  is  itself  sup- 
ported through  the  medium  of  the  gum-springs  c  e^ 


a  pair  on  each  side  of  the  truck  upon  the  equalizing 
bar/,  whose  ends  rest  upon  the  upper  boxra  of  the 
axle-bearing.  This  is  the  account  m  short,  but  there 
are  several  other  parts  involved,  as  will  appear  by 
tracing  the  sequence  of  the  impositions  from  the  car 
to  the  rail. 

The  car-end  rests  upon  the  center-casting  d,  which 
is  in  a  position  mid-length  of  the  swvnging-holsUr  c  ; 
this  i-ests  upon  the  upper  membere  of  the  ell^ie 
springs  g  g,  which  are  toxxnded  upon  the  suspensicn- 
har  A,  which  connects  the  two  pom ts  of  imposition  of 
the  springs  g  g,making  each  a  brace  for  the  other. 
The  su8i)ension-har  h  is  suspended  by  yokes  i  t,  from 
hanyers  k  k,  which  are  bolted  to  the  transverse-lim- 
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ben  6  6  of  the  truck -^raww,  of  which  they  form  a 
part.  The  longitudinal  timbers  a  a  of  the  frame, 
on  each  side  of  the  truck,  rest  upon  the  gvm-springs 
««,  and  these  upon  the  equalizing-bar  f^  whose  ends 
are  upon  the  upper  boxes  m  m  of  the  axle,  outside 
of  the  wheel  p.  For  the  4etail  of  this  portion  see 
Axle-box. 

The  upper  illustration  of  Fig.  1159  is  a  side  ele- 
yation,  and  the  lower  one  is  a  section,  the  respective 
halves  of  the  view  being  taken  on  different  section- 
lines,  r  is  a  tension -bar  or  tie  to  strengthen  the 
frame ;  «  «  are  M/ety-stirrups,  to  catch  the  suspen- 
sion-bar h,  if  anything  should  give  way  ;  « is  a  bra4X' 
rorf  between  the  two  pedestals  t*  w,  in  which  the 
axle-box  works  up  and  down  as  the  gum-springs  con- 
tract or  expand,  w  to  are  the  braJce-stwes,  on  the 
end  of  the  brake-bars  x  x,  which  are  moved  by  a  rod 
and  lever  arrangement.     (See  Car- brake.)     y  y  are 

Fig.  iieo. 


axle-boxes  ascend  and  descend,  as  the  springs  give 
way  and  recover  themselves.  Within  the  side  trusses 
are  bolted  the  ends  of  the  transverse  frames  ABB', 
P  is  the  center-casting,  which  rests  on  a  post  J,  and 
this  upon  the  elliptic  springs  in  the  frame  ^  ^,  as 
shown  in  the  upper  portion  of  Fig.  1160,  and  on  an 
enlarged  scale  in  the  lower  left-hand  comer  of  the 
same  figure.  The  springs  rest  on  the  bar  L,  and  the 
weight  is  transferred  bv  hansers  M  M  to  the  main 
frame  and  trusses,  which,  as  has  been  said,  rest  on 
the  axle-boxes.  The  mechanism  for  operating  the 
brake-shoes  need  not  be  particularly  described. 

Fig.  1161  represents  a  vertical  longitudinal  sec- 
tion and   side  elevation  of  *   six-wheeled   truck. 
This  has  a  rigid  frame,  maintaining  the  wheels  in 
the  same  line  at  all  times,  but  allowing  them  to 
run  over  curves  in  the  track  by  having  the  fl^ge 
removed  from  the  middle  wheel  of  each  trio.     The 
truck  is  so  supported  that  the  weight  is 
equally  distributed  .upon  all  the  wheels,  by 
resting  it   upon  a  support  over,   but  not 
upon,  the  middle  axle,  said  support  beii^ 
sustained  by  springs  placed  on  each  side  of 
and  equidistant  from  the  middle  axle,  and 

Ithe  wnole  weight  l)eing  transferred  to  the 
axles  through  a  rigid  frame. 
The  weignt  of  the  car-end,  in  this  case 
as  in  the  pi^vious  examples,  is  taken  upon 
the  central  beam,  and  is  then  transferrea  to 
swinging-bolsters  ff  H,  which  rest  on  gum- 
springs,   and   these   upon   transverse    oars, 
which  are  suspended  oy  stimms  from  the 
main  frame,  which,  in  the  example  before  us,  is  an 
iron    truss-frame.     The   truss-frame    is    suspended 
from  elliptic  sprinp^s,   which  rest  eventually  upon 
the  axle-boxes.   JNT  is  a  side-bearing  block,  to  restrain 
undue  lateral  oscillation  of  the  car. 

Fig.  1162  shows  a  portion  of  an  eight- wheeled 
truck  which  is  composed  of  two  independent  four- 
wheeled  trucks  connected  together  by  means  of  a 

Fig.  1161. 


Car- Truck 


diagonal-brace  rods  for  the  pedestals,  z  z 
are  the  relieving-springs  which  throw  the 
shoes  away  from  the  wheel  when  the  ten- 
sion on  the  brake-mechanism  is  with- 
drai^ni.  v  v  are  the  safety-stirrups^  to 
catch  the  brake-bars  if  the  swing-bars 
jj  should  give  way. 

Thus  it  will  be  seen  that  two  sets  of 
springs  intervene  between  the  car  and  the 
rail ;  the  car-end  rests  upon  a  swinging- 
bolster  which  has  elliptical  springs 
beneath  it,  and  these  are  suspended  from  a  frame 
which  itself  rests  upon  gum-springs  on  the  equaliz- 
ing-bar which  rests  on  the  axie-boxes. 

There  are  many  modifications  of  the  general  form 
shown  in  Fig.  1159,  but  the  feature  of  a  spring-sup- 
ported bolster  "swinging"  within  a  frame-spring 
supported  on  the  wheel-axles  is  generally  maintained. 

In  Fig.  1160  is  shown  one  modification,  in  which 
the  sides  of  the  frame  are  iron  trusses,  each  composed 
of  a  plate  F  F,  tie  H  ff,  and  braces  O  G,  having 
guides  D  Z>,  which  act  as  pedestals  in  which  the 
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platform  j4,  which  is  supported  upon  and  connected 
by  pivots  to  laterally  swinging  lilsters  2>  on  each 
sub-tnick  (one  only  shown).  The  end  of  the  coach 
is  supported  on  the  middle  transverse  swinging- 
bolster  K  of  the  frame  A,  and  the  swinging-bolsters 
in  the  middle  of  the  sub-trucks  abut  upon  rubber 
blocks  at  their  ends,  and  rest  upon  rubber  blocks 
whose  supports  are  swung  from  the  sub-truck  frames 
b  1/  Cf  and  by  them  transferred  to  the  elliptic  side- 
springs/,  which  rest  upon  saddles  over  the  axle-boxes. 
J  J  are  truss-rods  which  strengthen  the  main  frame. 
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Fig.  1163. 


Car-Jhtek. 


With  lighter  cars,  such  as  those  of  street  railways, 
this  combination  of  great  strength  and  elasticity  is 
not  required. 

In  Fig.  1163  is  shown  a  car  whose  bed  is  sup- 


ported, on  each  side,  at  foar  pointy 

by  means  of  four  pedestals,  as  many 

rods,  and  two  semi-elliptic  springs. 

Car-4aiick  Frama    The  s^ong 

-.     wooden  frame  which  rests  upon  the 

/  i  ,-i-Tr— -J  c   ^^*^®®^8  ^y  intermediate  springs  and 

nrTJp—"    i»arts,  and  which  by  other  inteimedi- 

"^TTni  If  I""  ate  springs  supports  the  swinging-bol- 

[▼^  ster  upon  which  the  car  directly  rests. 

L- "       ^— '     See  Car-truck. 

Car-tniSB.  That  combination  of 
sills,  plates,  braces,  and  tie-rods  which 
forms  the  skeleton  of  the  car,  and 
upon  which,  as  a  frame,  the  floor, 
sides,  roof,  etc.,  are  fastened. 

CartHUid'dla  The  saddle  upon 
which  resti  the  chain  which  goes  over 
the  horse's  back,  and  whereby  the 
shafts  of  a  cart  are  supported. 

Car'^el  -  built     {Shipbuilding. ) 

a.  A  mode  of  building  in  which  the 

timbers  are   cut  out  of   the   solid, 

^    as  in  ships  and  the  larger  description 

of  boats,  such  as  launches,  long-boats, 

and  barges.    (See  Boat.)  The  planks 

make  flush  seams  instead  of  lapping, 

as  ill  the  clincher-buili.     The  seams 

are  calked.     The  frame  of  a  carvel- 

I  built  boat  generally  consists  of  a  floor  and  two  fut- 

I  tocks. 

'      6.  A  mode  of  joining  the  plates  of  iron  vessels,  in 
i  which  the  edges  of  the  plates  are  brought  flush  to- 


Fig.  1163. 


CaT'Trurk. 


gether  and  riveted  to  a  lap  or  weU  in  the  rear.  In 
dincher-built  iron  vessels  the  plates  overlap,  and  are 
secured  together  by  one  longitudinal  row  of  rivets. 

Car'^el-joint  A  Jliuh  ioint ;  said  of  ship's 
timbers  or  plates,  in  contradistinction  to  clincher. 
See  Carvel-built. 

Car-^en'ti-la'tor.  (Railioay.)  A  device  for 
bringing  fresh  air  into  a  car  and  removing  noxious 
air  therefrom.  Fig.  1165  is  one  form, 
in  which  a  cowl  or  hood  2>  on  the  roof 
catches  the  air,  which  is  filtered  through 
a  gauze  screen  and  led  down  through 
the  roof  of  the  car.  Crescent-shap^ 
openings  c  deflect  the  air  into  the  car. 

Fig.  1164. 


and  other  openings  lead  up  the  foul  air,  which  is 
dischaived  through  the  vertical  pipes  E.  The  mouths 
of  the  dampers  ^  Z>  are  presented  fore  and  aft  ro- 
spectively,  and  one  of  the  dampers  a  is  moved,  to 
close  the  pipe,  according  to  the  direction  in  whidi 
the  cai'  is  moving. 

The  device  shown  in  Fig.  1166  is  desired  to  open 
or  close  simultaneously  all  the  alternating  shntten 

Fig.  1165. 


Cart-Snddie. 


Otr-  Ventilator. 

on  one  side  of  the  turret  of  ''monitor  can.*'    Afi 
the  shutters  may  be  closed  at  once,  yet  it  is  tht 
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ng.  1166. 


H  = 


Car-  Ventilator. 

practice  to  have  one  half  of  the  shutters  open  while 
the  carriage  is  moving  in  one  direction,  and  to  re- 
.  verse  the  position  of  the  shatters  —  i.  e.  open  those 
which  are  closed  and  close  the  open  ones  —  when  the 
carriage  moves  in  the  opposite  direction. 

The  mechanism  for  operating  the  shatters  consists 
of  the  slide-bar  ff  and  its  operative  lever  /,  and  a 
series  of  slotted  and  bent  levers  F,  and  their  con- 
necting links.  The  slide-bar  ff  runs  the  length  of 
the  c^r-tarret.  In  the  upper  figure,  which  is  a 
horizontal  section,  the  rear  shutter  B  is  shown 
open,  and  A  closed.  In  the  lower  figure,  which  is 
in  elevation,  the  lever  is  clearly  shown  by  which 
the  series  of  ventilating-shutters  are  operated. 

In  Fig.  1167  is  shown  an  adjunct,  con5usting  of  a 
means  <»  removing  the  dust  from  the  air  entering 
the  induction-openings  2). 

The  paddles  a  on  the  rotating  shaft  dip  into  a 
water-bath  at  the  bottom  of  the  ventilator  when 

Fig.  1167. 


Oir-rnUilaior. 

actuated  by  the  draft  on  the  fans.  Tlie  dust  in 
the  entering  air  is  collected  in  the  water.  The  air 
passes  through  a  screen  £  before  admittance  to  the 
car.    See  Air-filter. 

Carreer.  A  large,  pointed  knife  for  cutting  up 
meat  and  poultry.    See  Carving-knife. 

Garvlng.    The  art  of  cutting  wood,  etc.,  to  oma- 


mental  forms  by  means  of  chisels,  gravers,  scorpeta, 
etc.  With  metals,  it  becomes  chaaing ;  with  plas- 
tic material,  inolding. 

It  is  a  very  ancient  art,  having  been  employed  in 
Assyria,  Babylon,  Persepolis,  Egypt,  and  Greece 
upon  chariots,  furniture,  weapons,  and  many  other 
objects. 

It  was  about  1491  b.  c.  that  Bezaleel,  of  the  tribe 
of  Judah,  was  specially  selected  for  his  skill  as  a 
workman  in  gold,  silver,  brass,  gem  cutting  and  set- 
ting, and  carving  in  wood,  and  was  commissioned 
to  execute  the  work  upon  the  Tabernacle  and  its  fur- 
niture. Aholiab^  of  tne  tribe  of  Dan,  was  his  first 
assistant,  and  he  had  other  coadjutors  not  mentioned 
by  name.  The  Egyptians,  among  whom  Moses, 
Bezaleel,  and  others,  had  been  educated,  were  justly 
renowned  for  their  skill  and  taste  in  carving,  as  is 
abundantly  shown  by  their  chairs,  biers,  couches, 
anns,  chariots,  musical  instruments,  and  other  arti- 
cles cited  under  their  respective  heads  in  this  work. 
To  mention  one  specially,  their  chairs  left  little  to 
be  desired  or  attempted  either  in  comfort,  beauty, 
or  upholstering.     See  Chair. 

The  ornamentation  of  the  Temple  of  Solomon,  and 
its  furniture,  about  1005  B.  c,  called  for  the  skill 
of  a  workman  who  was  of  a  mixed  Tyrian  and  Is- 
raelitish  descent.  His  skill  in  carving  and  casting 
was  derived  from  his  father,  who  followed  the  busi- 
ness of  a  pattern-maker  and  bronze-founder  in 
Tyre. 

The  ornamentation  of  the  d/iy  consisted  of  copies 
of  natural  objects,  formally  associated,  resembling 
that  which,  frozen  into  conventional  forms,*  gave  a 
severe  grace  to  the  Grecian  architecture.  The  capi- 
tals of  the  bronze  columns  erected  by  Hiram  Abiff 
were  ornamented  by  "  nets  of  checker  work,  and 
wreaths  of  chain  works,"  lilies  and  pomegranates  be- 
ing strung  upon  the  pillars  and  their  capitals. 

"Hiram  made  the  lavers,  and  the  shovels,  and 
the  basins.  The  two  pillars,  and  the  bowls  of  the 
chapiters  on  the  top  of  the  two  pillars,  and  the  two 
networks  to  cover  the  two  bowls  of  the  two  chapi- 
ters, —  and  four  hundred  pomegranates  for  the  two 
networks,  even  two  rows  of  pom^ranates  for  one 
network,  —  and  the  ten  bases,  and  ten  lavers  on 
the  bases  ;  and  one  sea,  and  twelve  oxen  under  the 
sea  ;  —  all  these  vessels  were  of  bright  brass  " 
(bronze),  and  were  cast  in  the  plain  of  Jordan,  "  in 
the  clay  ground  between  Succoth  and  Zere- 
dathah.*' 

These  utensils,  together  with  the  great  sea 
of  bronze  which  held  2,000  baths,  required 
^reat  skill   in  carving  and  casting,  and  are 
deemed  very  remarkable  for  the  time  at  which 
they  were  executed.    The  surprise  expressed 
arises  from  our  own  vanity  and  depreciation 
of  the  skill  of  those  who  preceded  us  a  few 
thousands  of  years.     The  bath,  as  estimated 
by  Josephus,was  equal  to  8}  gallons  (8.6606) ; 
according  to  the  Rabbinical  writers,  4}  nillons 
nearly  (4.4286) ;  Smith  estimates  it  at  7}  gal- 
lons.    Taking  the  lowest  estimate,  the  brazen 
(bronze)  sea  of  the  temple  court  held  over  9,000 
gallons.    The  Chaldees  broke  it  in  pieces  to 
remove  it  to  Babylon,  about  690  B.  c.    They 
estimated  it  only  as  so  much  metal;  thev 
"carried  the  brass  [bronze]  of  them  to  Babylon.  * 
This  was  a  large  vessel,  and  may  well  be  believed 
of  the  time  when  works  of  art  were  estimated  by 
their  colossal  proportions.     The  stones  of  Egypt  and 
Baalbec  are  yet  unrivalled  in  modem  times.     See 
Stone-cutting. 

The  doors  of  Solomon^s  Temple  were  of  olive-tree 
wood,  and  on  them  ^ere  carved   "cherubim  and 
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palm-trees  and  open  ilowera."  The  carving,  was' 
overlaid  with  gold.  Other  doors  were  of  fir,  simi- 
lariy  carved  and  plated. 

The  doors  of  the  temple  of  the  Indian  idol  Som- 
nauth  were  of  sandal-wood  elaborately  carved. 
They  were  taken  by  Mahmoud  of  Ghizni,  A.  D. 
1024,  and  were  made  the  entrance-doors  to  his  tomb 
in  Afghanistan.  They  were  retaken  by  the  British  in 
1842,  and  the  Governor-General,  after  a  peean  in 
their  praise  worthy  of  a  fakir,  ordered  them  to  be 
restored  **with  all  honor"  to  the  obscene  idol, 
"avenffing  the  insult  of  800  years."  Good  sense 
stepped  in  and  countermanded  the  absurd  order. 
See  Door. 

Carv'ing-ohis'eL  A  chisel  having  an  oblique 
edge  and  a  basil  on  both  sides.  A  sluw  chisel. 
'  Carv'ing-knife.  A  laige-sized  knife  used  for 
cutting  meat  at  table.  It  is  usually  handsomely 
mounted.  The  carving-knives  of  two  centuries  since 
were  a  part  of  the  state  service  of  the  refectory. 

Fig.  U68. 


Those  'represented  had  the  grace  before  meat  and 
that  after  meat,  with  the  music  of  the  intonation. 

Achilles  carved  for  his  visitors,  and  each  was  ex- 
pected to  eat  his  mess  without  grumbling.  Joseph 
sent  to  Benjamin  a  larger  mess  than  to  either  of  tne 
other  brothers. 

As  to  behavior  at  table,  we  learn  from  Plutarch 
and  others  that  paring  the  nails  at  table  was  the 
height  of  vulganty ;  speaking  loud,  spitting  and 
coughing,  were  unreganied  trifles.  As  the  guests 
had  no  forks,  they  wiped  their  greasy  fingers  on  soft 
bread,  which  they  then  threw  to  the  dogs.  "The 
dogs  eat  of  the  crumbs."  Napkins  came  into 
fashion  later. 

In  after  ages  each  man  grasped  the  joint  and 
carved  for  hin^lf.  (See  Cask-knife.)  Table-forks 
are  a  much  later  thought ;  they  came  from  Italy  to 
England  in  the  time  of  the  Stuarts.     See  Fork. 

Bread,  meat,  and  beer  formed  the  usual  feed  of 
our  ancestors  in  England  down  to  and  during  the 
reign  of  Elizabeth,  and  the  people  busied  uiem- 
selves  curiously  in  the  modes  of  carving,  inventing 
a  whole  category  of  technicals.  Juliana  Bemers, 
lady  prioress  of  the  nunnery  of  Sopewell  in  the 
fifteenth  century,  the  reputed  author  of  the  **  Book 
of  St.  Albans,"  gives  the  following  as  the  terms  ap- 
plied to  carving  the  respective  ammals  :  — 

"A  dere  was  broken,  a  gose  reryd,  chekyn 
frusshed,  a  cony  unlaced,  a  crane  dysplayed,  a  cur- 
lewe  unioynted,  a  quayle  wyngged,  a  swanne  lyfte, 
a  lambe  sholdered,  a  heron  dysmembryd,  a  peacock 
dysfygured,  a  samon  chynyd,  a  hadoke  syndyd,  a 
sole  loynyd,  and  a  brerae  splayed." 

Carv'mg-ma-chlne'.  One  for  carving  wood,  or 
roughing  it  out  preparatory  to  the  chisels,  gouges, 
and  scorpers  of  tne  carver. 

As  early  as  1800,  a  Mr.  Watt,  of  London,  built  a 
machine  that  carved  medallions  and  figures  in  ivorv 
and  ebony,  producing  some  very  handsome  wort; 
with  great  rapidity  ;  in  1814  and  1815,  Mr.  John 
Isaac  Hawkins,  of  the  same  city,  produced  a  similar 
machine  for  the  same  purposes  ;    in   1828,   a  Mr. 


Cheverton  built  a  machine  for  similar  purposes,  the 
operations  of  which  attracted  considerable  attention 
throughout  Europe. 

Braithwaite  8  carving  process  (English),  Novem- 
ber, 1840.  This  process  is  not  dependent  upon  cut- 
ting-tools, but  the  wood  is  burned  away,  or  ra^er 
converted  into  charcoal.  Tlie  wood  is  steeped  in 
water  for  about  two  hours,  and  the  cast-iron  die,  or 
mold  containing  the  device,  is  heated  to  redness  or 
sometimes  to  a  white  heat,  and  applied  against  the 
wood,  either  by  a  handle,  as  a  branding-iron,  by  a 
lever,  or  by  a  screw-press,  according  to  circumstances.  • 

The  molds  are  cast  from  plaster  casts  of  the  origi- 
nal models  or  carvings. 

The  saturation  of  the  wood  with 'water  prevents 
its  ignition.  It  gives  off  volumes  of  smoke,  but  no 
flame,  the  wood  being  charred.  After  a  short  time, 
the  iron  is  returned  to  the  furnace  to  be  reheated, 
the  blackened  wood  is  well  rubbed  with  a  hard  brush 
to  remove  the  charcoal-powder,  which,  being  a  bad 
conductor  of  heat,  saves  the  wood  from  material  dis- 
coloration. Before  the  reapplication  of  the  iron 
the  wood  is  again  soaked  in  water,  but  for  a  shorter 
time,  as  the  wood  now  absorbs  water  with  greater 
facility. 

The  rotation  of  burning,  brushing,  and  wetting  is 
repeated  10  or  20  times,  or  moi«,  until,  in  fact,  the 

Fig.  Iie9. 


rr.— HBh-ial 


Cfamii^-AfadUfM. 

wood  fills  every  cavity  in  the  mold,  the  process  be- 
ing materially  influenced  by  the  character  and  con- 
dition of  the  wood  itself,  and  the  <l^i^e^  in  which 
the  moisture  and  heat  are  applied.  The  water  so  far 
checks  the  destruction  of  the  wood,  or  even  its 
change  of  any  kind,  that  the  burned  surface,  simply 
cleansed  by  brushing,  is  often  employed,  as  it  may 
be  left  either  of  a  very  pale  or  deep  brown,  according 
to  the  tone  of  color  required,  so  as  to  match  old  carv- 
ings of  any  age  ;  or  a  fittle  scraping  removes  the  dis- 
colored surface. 

Perforated  carvings  are  burned  upon  thick  blocks 
of  wood  and  cut  off"  with  a  circular  saw. 

In  the.  machine  (Fig.  1169)  several  comes  are 
carved  at  once,  the  pattern  being  placed  midway  be- 
tween them.  The  model  and  the  wood  for  the  copies 
are  placed,  say,  8  or  10  inches  apart,  on  a  rectilinear 
slide,  free  to  move  in  one  direction  upon  a  carriage, 
which  is  free  to  move  in  a  direction  at  right  angles  to 
the  foi-mer .  This  forms  what  is  called  the  /oo/M^ to- 
hU,  as  by  a  combination  of  the  two  motions  any  direc- 
tion may  be  attained.    The  two  movementsof  the  table 
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are  under  the  control  of  the  two  hands  of  the  work- 
man while  he  controls  a  third  slide  with  his  foot.  The 
third  slide,  which  is  vertical  to  the  other  two,  car- 
ries in  the  center  a  tracer  of  globular  form,  and  also, 
at  8  or  10  inches  on  the  right  and  left  of  the  tracer, 
cutters  of  the  same  globular  form,  which  latter  are 
set  to  make  about  6,000  revolutions  per  minute. 
The  thiixl  slide,  which,  together  with  the  tracer  and 
side-cutters,  forms  one  entire  mass,  descends  upon 
the  wood  with  a  moderate  pressure,  that  sends  the  side- 
cutters  into  the  two  blocks  of  lyood  until  the  central 
tracer  rests  in  contact  with  the  model ;  the  cutting 
then  ceases,  and  the  slide  is  raised  from  the  work  by 
the  treadle. 

In  this  manner,  by  a  multitude  of  vertical  in- 
cisions at  different  parts,  the  whole  surface  of  the 
blocks  beneath  the  cutter  is  removed  to  a  depth  cor- 
responding to  the  exact  shape  of  the  model.  For 
expedition,  a  horizontal  motion  is  imparted  to  the 
bed-plate  moving  the  wood  against  the  cutters ;  the 
deptn  at  any  point  being  determined  by  the  contact 
of  the  tracer  with  the  model.  The  necessary  con- 
ditions are,  that  the  tracer  and  cutters  be  alike  in 
form  and  size,  and  that  the  distance  between  them, 
ahd  also  the  distance  between  the  model  and  copies, 
whether  8  or  10  inches,  or  any  other  measure,  be 
preserved  throughout  the  one  process. 

The  above  case,  in  which  the  work  lies  horizon- 
tally, is  that  most  usually  required ;  but  when  the 
work  has  to  be  carved  on  all  three  sides,  —  as,  for  ex- 
ample, in  brackets  or  consoles  projecting  from  a 
wall,  —  although  the  arrangement  of  the  central  tra- 
cer and  the  cutters  parallel  therewith,  partaking  of  a 
vertical  motion  in  common,  be  preserved,  the  model 
and  copies  are  all  three  adjusted  so  as  at  one  time 
all  to  lie  on  their  backs,  at  other  times  on  their 
right  and  left  sides,  with  the  progress  of  the  work. 
Sometimes  this  change  is  effected  simultaneously  by 
mounting  them  on  platforms  that  are  situated  on 
fixed  parallel  and  equidistant  axes,  and  shifting  all 
three  at  one  movement,  by  a  simple  arrangement 
derived  from  the  ordinary  parallel  rule  with  radius- 
bars. 

In  case  of  figures  carved  in  the  round,  or  on  every 
side,  the  central  model  and  two  copies  are  built  above 
one  wide  bar,  upon  three  circulating  pedestals  or  turn- 
plates,  with  graduations  or  detents,  by  which  the  three 
objects  may  be  alike  twisted  round  to  face  any  point 
of  the  compass ;  and  as  the  wide  bar  upon  which 
the  three  circulating  pedestals  are  built  has  a  tilting 
motion  by  which  the  three  pedestals  may  be  all  alike 
placed  either  horizontally,  or  inclined  to  the  right 
or  left,  in  any  degree,  until  nearly  vertical,  it  is 
clear  that  these  two  directions  of  motion  constitute 
universal  joints,  and  enable  any  and  every  similar 
part,  of  all  three  objects,  to  be  presented  to  the 
tracer  and  cutters  respectively. 

The  machines  are  used  for  wood,  soft  stone, 
marble,  and  alabaster. 

The  Blanchard  machine  for  turning  irregular 
forms  has  been  used  for  turning  lasts,  spokes,  axe- 
handles,  gun-stocks,  busts,  etc.,  and  in  some  of  its 
applications  may  be  termed  a  carving-machine.  It 
diners  from  those  just  described  in  the  circumstance 
that  the  object  to  be  turned  is  rotated,  constituting 
the  machine  a  true  latluj  while  the  revolving  cutter 
is  drawn  out  or  in  by  means  of  a  revolving  pattern. 
The  variations  of  detail  will  be  mentioned  under 
Lathk  (which  see). 

Carv'ing-ta'bie.  A  table  heated  with  hot  water, 
in  which  are  depressions  fonning  pans  to  hold  joints 
of  meat. 

Car-'^^heeL  One  adapted  for  the  uses  of  cai:s,  or 
the  trucks  of  railway  cars. 


They  were  originally  like  those  in  ordinary  use, 
and  were  guided  by  flanges  on  ihe  rails^  as  in  the 
case  of  the  Sheffield  Colliery  Railroad,  1767.  At  this 
time  the  rails  were  of  cast-iron. 

In  1789,  car- wheels  were  made  with  flanges,  to 
nin  on  the  edge-rail,  which  was  first  made  ca  cast- 
iron  and  used  at  Loughborough,  England. 

In  Stephenson  and  Losh's  patent,  1816,  car-wheels 
were  made  with  wrought-iron  spokes,  the  hub  and 
rim  being  cast  on  to  them.  A  wrou^ht-iron  tire 
was  shnink  on  to  the  rim,  and  secured  m  its  seat  by 
a  dovetailed  depression. 

In  Fig.  1170  are  shown  a  few  examples  of  the 
numerous  inventions  of  this  class. 

a  a'  represent  the  famous  Washburn  wheel  so 
familiar  to  us  all.     It  has  an  arch  at  the  central 


Qxr-Whtds. 

portion  adjacent  to  the  hub,  and  the  apex  of  the 
arch  is  connected  by  a  curved  web  with  the  rim, 
the  junction  of  the  web  and  rim  being  strengthened 
by  ribs  or  brackets,  a  is  a  side  elevation,  and  a'  a 
diametric  section. 

h  b'  are  perspective  and  sectional  views  of  a  wheel 
whose  hub  is  connected  by  spokes  with  the  rim. 
Such  was  Stephenson  and  Losh's,  already  men- 
tioned ;  indeed,  this  is  quite  an  antiquated  form. 

c  .is  one  of  the  Woodbury  wheels,  which  has  a 
compressed  annular  elastic  packing  between  the 
cylindrical  faces  of  the  body  and  rim  ;  the  packing 
tiJeing  first  compressed  on  the  periphery  of  the  body, 
and  the  rim  tnen  adjusted  upon  the  latter.  The 
body  is  sectional,  having  two  webs  bolted  together ; 
one  belongs  with  the  hub,  and  the  other  is  fitted  in 
a  rabbet  thereon.     Each  portion  has  a  flanged  rim. 
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thB  oomhination  of  the  two  forming  an  annular  seat 
for  the  tire.  The  interposed  packing  is  intended  to 
absorb  the  jar. 

diBti  wheel  cast  in  three  separate  pieces,  consist- 
ing of  a  rim  and  two  portions,  each  of  which  latter 
has  a  hnb  and  a  web,  between  which  the  inner 
flange  of  the  rim  is  gripped  and  bolted. 

The  wheel  e  has  side-plates  cast  in  one  piece 
with  the  hub  and  cross-pieces,  wliich -connect  the 
peripheries  of  the  side-plates.  The  encircling  tire 
is  secured  by  rivets. 

In  the  wheel  /,  the  tire  has  pins  upon  its  inner 
dde,  which  enter  slots  in  the  nra  of  the  wheel,  to 
hold  the  tire  from  shifting.  The  flange-piece  has  a 
fdioulder  projecting  on  the  inside,  that  fits  in  a  cir- 
cular groove  in  the  body  of  the  wheel,  to  which  it  is 
bolted. 

The  wheel  g  has  a  circular  recess  to  receive  a  collar 
on  the  axle,  over  which  is  bolted  a  covering  annular 
disk.  Tliis  device  is  to  allow  the  revolution  of  one 
-of  the  wheels  upou  the  axle  in  curves  of  the  track. 

A  is  a  car-wheel  constructed  in  two  parts  :  first,  a 
rim  with  two  flanges  forming  an  inner  recess ;  and, 
*second,  a  hub  witn  a  web,  and  Hange  upon  the  web, 

Pig.  1171. 
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flaring  slightly  outward.  Slots  in  tliis  flange  (the 
circumference  of  which  is  slightly  lai^r  than  that 
of  the  inner  edffe  of  the  rim)  permit  it  to  spring  past 
the  flan^  of  the  rim  into  the  inner  recess.  This 
device  dispenses  vdth  the  use  of  bolts, 
and  gives  elasticity  to  the  wheel. 

t  and  j  are  two  forms  of  wheel,  in 
each  of  which  the  cast  hub  and  rim 
are  connected  by  corrugated  wrought- 
raetal  disks. 

k  is  the  Raddin  wheel,  in  which  the 
entire  web  and  rim  are  cast  in  one 
piece,  and  the  inner  edge  of  the  web 
rests  upon  the  hub.  The  hub  is  fonned  4 
with  supporting  flanges  or  binding 
rings,  which  are  bolted  to  each  other 
through  enlarged  holes  in  the  web, 
with  interposed  packing-rings  of  india- 
rubber  to  lessen  tremor  and  jar. 

/  r  are  two  views  of  the  Watson 
wheel,  in  which  the  «\iace  between  the 


hub  and  the  rim  is  occupied  by  a  skeleton  metallie 
frame,  whose  openings  are  filled  with  panels  of  wood 
compressed  therein. 

In  the  wheel  m  (Fig.  1171),  wedges  of  wood  are 
driven  between  the  rim  and  the  tire.  The  purpose 
of  these,  also,  is  to  absorb  jar. 

n  n'  are  views  of  a  compound  wheel  in  which  seg- 
ments of  wood  form  a  web  between  the  hub  and  the 
rim,  being  secured  and  strengthened  by  ipetallic 
plates. 

0  d  are  views  of  a,  wheel  in  which  the  hub  and 
rim  are  of  cast-iron  united  by  wrought-iron  spokes, 
each  alternate  spoke  leaning  at  an  angle  from  oppo- 
site sides  of  the  central  cii^*umference  of  the  hut)  to 
the  central  line  of  the  rim. 

^  is  a  wheel  somewhat  similar  to  it,  in  which  the 
web  of  the  wheel  is  inclosed  between  binding-plates, 
and  has  a  packing  between  itself  and  the  plates,  and 
also  on  its  inner  edge. 

Paper  also  enters  into  the  composition  of  some 
car-wneels.     The  paper  is  tightly  pressed  in  as  a 

Eacking  between  the  steel  tires  and  the  cast-iron 
ubs,  so  as  to  form  a  compact,  Strang,  and  yet 
somewhat  resilient,  material,  which  deadens  sound 
and  diminishes  the  force  of  concussion. 

**  There  are  in  daily  use,  on  the  37,000  miles  of 
railway  in  the  United  States,  not  less  than  1,250,000 
truck  and  car  wheels,  under  8,500  locomotives,  9,500 
passenger-cars,  2,700  baggage  and  express  cars,  and 
160,000  freight-cars. 

"The  available  statistics  show  that  passenger-cais 
make  an  annual  mileage  of  28,400  miles,  or  881% 
miles  per  day  of  320  days  per  annum  ;  the  aversge 
load  borne  on  each  car-wheel  to  be  3^  tons.  With 
this  load  the  average  life  of  a  wheel  is  45,000  miles, 
<>r  ll'^fir  years.  On  trains  running  at  express  speeds, 
the  average  Ufe  does  not  exceed  10  months'  service, 
while  wheels  under  tender-trucks  haye  a  life  of  18 
months.  Under  freight  service  in  the  State  of  New 
York,  with  an  anilual  train<-mUeage  of  11,483,123 
miles,  transporting  75.5  tons  of  freight  per  train, 
the  annual  mileage  per  car  was  14,649  miles,  each 
wheel  bearing  an  average  load  of  1.47  tons,  which 
gives  3.08  years  as  the  life  of  a  frei^t- wheel,  cor- 
responding* with  the  experience  of  one  of  the  princi- 
pal roads  m  the  State. 

"But,  assuming  the  average  life  of  car-wheels, 
under  all  kinds  of  service,  to  be  five  years,  the 
total  number  of  wheels  worn  out  annually  in  the 
United  States  will  not  be  less  than  250,000. 

"At  an  average  cost  of  eighteen  dollars  per  wheel, 
allowing  about  one  half  for  the  value  of  the 
old  wheel,  the  annual  loss  may  be  stated  at  two 
and  a  quarter  millions  of  dollars.**  —  W.  G.  Ham- 
ilton. 

Car-'v^eel  Fur'nace.  One  in  which  cast-iron 
car-wheels  are  heated,  and  then  cooled  slowly,  so  as 

Fig.  1173. 
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to  anneal  them,  and  render  them  lees  brittle.  See 
Annbalinq-fu  rn  ace. 

Car-wheel  lAtha  One  which  is  adapted  for 
taming  off  the  rims  of  two  driying-wheels  after  they 
haye  Wen  pressed  on  to  the  axle  ;  or  for  turning  off 
the  wheels  separately,  a  &  are  the  face-plates,  8 
feet  6  inches  apart,  and  foiming  head-stocks  separ- 
ately geared  and  independently  driven,  if  desired, 
e  (2  are  the  tools  mounted  in  the  slide-rests  e  /, 
which  are  adjustable  on  the  bed  g, 

Car-wln'dow.  {Bailway.)  Car- windows  are 
Qsually  aiTanged  to  lift,  and,  being  light,  have  no 
counterpoises. 

Ventilating  car-windows  are  made  to  open  at  the 
side  towards,  for  the  time  being,  the  rear  of  the  car, 

Fig.  117a 


q,   600 

t,  9,000 

w,  2,000 

z,   200 

r,  6,200 

u,  3,400 

X,   400 

See  Font, 

s,  8,000 

V,  1,200 

y,  2,000 

The  lower  case,  as  arranged  for  an  ordinary  work 
in  English,  has  54  boxes  of  different  sizes ;  these 
contain  the  various  small  letters  (hence' styled  "low- 
er-case letters  "),  the  marks  of  punctuation,  the  fig- 
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•o  as  to  cause  an  induced  draft  from  the  interior  by 
the  rushing  past  of  the  air  when  the  car  is  in  mo- 
tion. 

The  frame  of  the  window  projects  sufficiently  far 
from  the  body  of  the  car  to  admit  of  there  being  ap- 
plied to  it,  on  each  side,  a  valve  or  side  window  C, 
which  can  be  opened  or  closed  as  desired,  and  retained 
in  either  position  for  the  purpose  of  ventilating  the 
car. 

The  side  windows  O  vibrate  on  hinges  at  6,  and 
are  retained  in  position  by  the  spring  c,  either  open 
or  closed  against  the  front  window  B. 

Car-win'dow  Fast/ eii-ing.  A  spring-bolt  which 
holds  a  car-window  sash  at  any  renulred  elevation, 
according  to  provision  of  holes  in  tne  casing  for  the 
reception  of  the  bolt. 

A  cam  or  snail-shaped  piece  secured  to  the  face  of 
the  sash,  and  binding  by  the  weight  of  'the  same 
a^nst  the  beading,  to  Hold  the  sash  at  any  eleva- 
tion. 

Car'y-atl-des.  {Archileeture.)  Female  figures 
placed  as  columns  to  siipport  an  eutablatura.  Male 
figures  in  this  position  and  relation  are  called  Atlaur 
Us,  Telamo7ie9,  or  Persians. 

Cas'ca-beL  (Ordnance.)  The  rear  portion  of  a 
gun,  embracing  the  knob,  base,  and  base-ring.  The 
cascabels  of  ships'  guns  have  breeckmg»loops  in 
place  of  knobs,  intended  for  the  breeddng,  whose 
ends  pass  to  ring-bolts  on  each  side  of  the  port,  and 
whose  duty  is  to  limit  the  recoil. 

Cas-cade'.  A  pyrotechnic  device  to  imitate  sheets 
or  jets  of  water.     Chinese  fire  is  usted. 

Case.  1.  {Printing.)  Types  are  arranged  in  a 
case,  which  is  a  tray  with  compartments  for  the  let- 
ters. Two  pairs  of  cases  are  allowed  to  a  compositor, 
and  constitute  2k  frame ;  one  pair  contains  Roman 
letters,  and  the  other  italics. 

The  sizes  of  the  compartments  are  unequally  pro- 
portioned, as  some  letters  occur  more  frequently  tnan 
others.  It  is  also  designed  to  place  those  compart- 
ments most  frequently  resorted  to  nearest  to  the  or- 
dinary position  of  the  hand,  so  that  expedition  may 
be  secured.  The  proportion  of  English  letters  in  a 
case  is  as  follows  :  — 


a,  8,500 

e,  12,000 

i,  8,000 

m,8,000 

b,  1,600 

f,  2,500 

J,   400 
k,  800 

n,  8,000 

c,  3,000 

g,  1,700 
h,  6,400 

0,8,000 

d,  4,400 

1,  4,000 

p,  1,700 

Printer  at  Com. 

ures,  and  spaces  and  "  quadrats  "  of  different  sizes. 
The  upper  case  has  98  lK)xe0  of  uniform  size.  These 
contain  the  capitals,  small  capitals,  and  various  char- 
acters which  are  in  frequent  use,  such  as  parentheses, 
stars,  and  other  signs  of  reference,  dashes,  dollar  and 
pound  marks,  and  so  on. 

In  the  upper  case  the  letters  are  arranged  in  al- 
phabetical order  in  the  lower  rows,  the  capitals  on 
the  left,  the  small  capitals  on  the  right.  In  the  lower 
case  the  letters  are  not  arranged  in  alphabetical  or- 
der, but  in  such  a  way  as  to  bring  those  most  fre- 
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Upper  and  Lower  Case. 

qnently  used  directly  in  front  of  the  compositor. 
To  get  a;  or  «  the  hand  of  the  compositor  must  pass 
over  a  space  of  nearly  three  feet,  while  to  get  a  ^  or  « 
it  traverses  only  three  or  four  inches.  If  the  letters 
were  arranged  in  alphabetical  order,  the  work  of 
composition  would  be  at  least  doubled. 

Besides  these  usual  sorts,  there  are  many  others  not 
unfrequently  employed,  such  as  accented  vowels, 
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superior  figures  (^  *  •  etc.),  superior  letters  (•  *  •  etc.), 
fractions,  and  many  others,  about  a  hundred  in  all. 
These  are  usually  kept  in  a  separate  case. 

2.  (Bookbinding,)  A  cover  made  ready  for  its  con- 
tents, —  the  book. 

8.  (Masonry.)  An  outside  facing  of  a  building,  of 
material  superior  to  that  of  the  backing. 

4.  (Joinery.)  a.  An  inclosing  frame ;  as,  the  sash- 
casing  ;  a  hollow  box  on  the  sides  of  the  frame,  in 
which  the  weights  work. 

b.  The  frame  in  which  a  door  is  hung.  c.  The  in- 
closure  of  a  stair. 

5.  (Weaving.)    The  pulley-box  of  a  button-loom. 

6.  (Pyrotechnics.)  The  paper  cylinder  or  capsule 
of  a  firework. 

7.  (Minina.)  A  small  fissure  which  lets  water 
into  the  workings. 

Case-bay.  (Carpentry.)  The  space  between  a 
pair  of  girders  or  two  principals  of  a  roof  or  ceiling. 

Caae-liard'an-iiig  I'ron.  A  process  of  cemen- 
tation which  converts  the  surface  of  iron  to  steel. 
It  differs  mainly  from  the  manufacture  of  tnie  steel 
in  the  different  len^hs  of  time  employed,  and  in 
the  depth  to  which  Jt  extends.  Case-hardening  is 
effected  by  packing  the  article  to  be  hai'dened  m  a 
box  with  charcoal,  ground  or  broken  bones,  par- 
ticles of  horns,  rawhide,  or  tanned  leather.  The 
closed  box  with  its  contents  is  placed  in  an  envelop- 
ing fire  in  a  furnace.  The  fuel  is  preferably  char- 
coal. The  longer  the  heat  ia  kept  up,  the  deeper 
will  be  the  action  of  the  cementing  materials.  Tnis 
process  is  lengthy,  and  not  always  Convenient. 
Frequently  all  the  mechanic  requires  is  a  thin  coat- 
ing of  indurated  metal  on  the  outside  of  the  article, 
which  will  not  be  subject  to  ordinary  abrasion  or 
the  action  of  a  file. 

A  simple  method  of  case-hardening  small  cast-iron 
work  is  to  make  a  mixture  of  equal  parts  of  pulver- 
ized prussiate  of  potash,  saltpetre,  and  sal-am- 
moniac. The  articles  must  be  heated  to  a  dull  red, 
then  rolled  in  this  powder,  and  afterwards  pluuffed 
into  a  bath  of  4  ounces  of  sal-ammoniac  and  2 
ounces  of  the  prussiate  of  potash  dissolved  in  a  gal- 
lon of  water. 

Sheehan  packs  a  layer  of  limestone  in  the  bottom 
of  the  box,  and  then  layers  of  a  composition  alter- 
nating with  and  inclosing  the  iron  to  be  steelified. 
The  composition  is,  —  charcoal  saturated  with  water, 
200;  chloride  sodium,  30;  sal  soda,  12;  pulv. 
rosin,  5  ;  black  ox.  manganese,  5  ;  mixed.  Lute  on 
the  top,  heat,  remove  while  hot,  and  plunge  into 
cold  water. 

Caae-knifa  A  large  table-knife.  It  was  for- 
merly kept  in  a  case  or  sheath,  and  the  name  is  a 
remembrance  of  the  good  (?)  old  times  when  every 
guest  carried  his  own  knife  to  the  feast,  helped  him- 
self from  the  joint,  was  innocent  of  forks  or  napkins, 
and  finished  by  using  it  for  picking  his  teeth  or 
settling  accounts  with  his  neighbor  after  picking  a 
quarrel. 

**  Manv  were  the  tables  [at  the  London  Lord 
Mayor's  feast,  1663],  but  none  in  the  hall  but  the 
Mavor's  and  the  Lords  of  the  Privy  Coimcil  that 
had  napkins  or  knives."  —  Pepys. 

**  The  food  of  the  Celts  consists  of  loaves  of  bread 
and  meat  floating  in  the  broth,  broiled  on  the  coals 
or  roasted  on  spits.  They  grasp  the  meat  in  both 
hands,  but  in  a  cleanly  manner,  and  gnaw  at  it  like 
lions  ;  if  any  part  is  too  tou^h  to  be  torn,  they  draw 
their  case-knives,  with  which  each  is  provided." 
—  PosiDONius  ;  quoted  in  the  **  Deipnosophists  " 
(a.  d.  220). 

"Their  platters  are  of  earthenware,  silver,  brass, 
wood,  or  basket-work."  —  Ibid. 


Caaa-look.  A  'box'lock  sccewed  on  to  the  &oe 
of  a  door. 

Caae'mate.  1.*  (FortiJicaUon.)  A  vault  of  ma- 
son's work  in  the  flank  of  a  bastion  or  elsewhere  in 
a  fortification. 

Casemates  with  embrasures  are  defensible  casemates. 
Barrack  and  store  casemaies  are  bomb-proofs  for 
shelter  and  supplies. 

2.  (Joinery^  A  small  hollow  molding  or  cove, 
equal  to  about  ^  to  i  of  a  circle.    See  Molding. 

Caae'mate-f;iiiL  A  gun  is  mounted  in  caaemate 
when  it  is  placed  in  a  protected  chamber  and  fires 

Fig.  1176. 


Casenuite^  Qtniaf, 

throueh  an  embrasure.  The  constmction  of  the  car- 
ria^  differs  somewhat  from  that  of  the  barbette. 

caaa'mate-tniok.  {Vehicle.)  A  truck  for  trans- 
porting guns,  etc.,  in  casemate  galleries  or  through 
posterns.  The  bed  consists  of  two  longitudinal  nma 
forming  the  sides  of  the  body,  united  by  three  tran- 
soms. The  whole  rests  on  four  wheels  or  rollers  of 
cast-iron,  and  is  guided  by  means  of  a  tongue. 

Caae'ment.  A  sash  or  glass  frame  openinff  on 
hinges  and  revolving  upon  one  of  the  vertical  edges. 
A  French  window. 

Caae-pa'per.    The  outside  quires  of  a  ream. 

Caae-ahot.  Case-shot,  or  shrapnel,  as  they  are 
frequently  termed,  from  the  name  of  the  Ei^^lish 
officer  by  whom  they  were  introduced,  about  1808, 
are  a  thin  species  of  shell  filled  with  bullets,  and 
having  a  fuse  which  is  so  cut  or  arranged  as  to  burst 
the  case  about  sixty  yards  in  front  of  Uie  object  fired 
at,  so  as  to  scatter  the  bullets  over  a  considerable 
space.  This,  under  favorable  circumstances,  is  a 
very  efficient  projectile,  and  would  be  still  more  so 
were  it  possible  to  cut  the  fuse  to  such  exactness  as 
to  always  explode  just  at  the  desired  point.  The 
shot  are  sometimes  placed  in  a  tin  cylinder  with  a 
wooden  sabot,  and  used  without  a  fuse  at  ranges  of 
300  yards.     This  is  distinctively  known  as  canister, 

Caae-wind'ing  'Watoh.  Theurer,  of  Switzer- 
land (United  States  patent,  February  6,  1866),  has 
a  watch  so  constructcKi  that  the  opening  of  the  cover 
winds  up  the  works.     It  cannot  be  overwound. 

Guizot,  April  12,  1870,  rotates  the  case  on  its  pin- 
tle, to  wind  the  watch. 

Caae-work.  (Bookbinding.)  A  book  glued  on 
the  back  and  stuck  into  a  cover  previously  prepared. 

Caah'er-box.  (OloM-manufaeture.)  A  table 
covered  with  coal  cinders,  on  which  the  globe  of  j^ass 
is  rested  while  the  blowing-tube  is  detached  and  a 
rod  attached  to  the  other  pole  of  the  globe,  prepara- 
tory \jofiashing.    See  Crown-glass. 

Caah'mere.  (Fabric.)  a.  A  fine  shawl  fabric 
formerly  made  only  in  the  valley  of  Cashmere,  but 
now  made  in  many  parts  of  the  Punjab.  The  best 
are  yet  made  in  Casnmere.  It  is  made  of  the  downy 
wool  of  the  Thibet  goat,  dyed  in  various  colors  before 
weaving. 

Several  accounts  have  been  given  of  the  process 
adopted  by  the  natives  in  weaving  the  shawls.  It 
is  sometimes  woven  in  comparatively  narrow  strips, 
which  are  afterwards  joined.  The  figures  are  put  in 
by  the  shuttle  in  those  of  superior  quality,  and  by 
the  needle  in  those  of  a  lower  description.  It  ap- 
pears that  the  waters  of  a  canal  flowing  from  the 
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Lake  of  Cashmere  have  sotuething  to  do  with  im- 
parting the  peculiar  softnesa  to  the  fabric. 

The  process  is  extremely  slow  ;  one  account  states 
that  a  single  shawl  occupies  three  men  for  six  months. 
Another  account  states  that  the  plain  shawls  only  are 
worked  by  the  shuttle,  and  the  colors  are  all  inserted 
by  needles  through  the  shed  of  the  warp,  a  separate 
needle  being  used  for  each  color.  The  work  is  passed 
through  a  number  of  hands,  as  customary  in  that  old 
country  ;  the  merchants  buying  the  yam  and  employ- 
ing weavers,  who  receive  from  8  to  24  cents  a  day. 
The  overseer  of  a  shop  receives  the  latter  handsome 
amount,  from  which  he  boards  himself.  Eighty 
thousand  shawls  are  supposed  to  be  about  the  annufd 
produce  of  the  kingdom. 

Cashmere  shawls  made  from  the  imported  wool  of 
the  goat  are  made  in  Paris,  Lyons,  and  Nismes. 
The  Jacquard  loom  is  used,  drawing  the  colored 
threads  to  the  surface  as  required.  The  colored 
threads  floating  at  the  back  of  the  shawl  in  the  in- 
tervals of  their  appearance  on  the  face  are  subsequent- 
ly cut  off,  and  the  cut  ends  reveal  the  imitation. 

A  French  loom  has  been  invented  for  the  purpose 
of  avoiding  this  difficulty  and  making  both  sides 
alike.  The  yams  of  the  weft  are  not  only  equal  in 
number  to  the  colors  of  the  pattern,  but  separate 
bobbins  are  provided  for  each  repetition  of  a  color 
across  the  shawl.  Each  bobbin  or  pirn  stops  at  the 
end  of  the  figure,  and  retums  on  its  track  after  cross- 
ing the  track  of  the  adjoining  bobbin.  Thus  the 
weft  is  made  up  of  an  interlocked  series  of  threads, 
each  occupying  a  short  portion  of  the  length  of  the 
weft,  according  to  the  limits  of  its  figure  in  the 
general  design. 

The  Hindoo  shawl,  so  called,  is  made  in  France, 
of  a  ailk  chain,  and  eashmere-down  filling. 

In  other  varieties,  the  weft  is  silk  and  down  ;  and 
at  Nismes,  spun  silk,  Thibet  down,  and  cotton  are 
all  worked  up  together. 

i.  A  woolen  and  cotton  figured  dress-goods,  named 
in  imitation  of  the  cashmere  fabric. 

Caah-me-rette'.  (FcLbric.)  A  lady's  dress-^[oods, 
made  with  a  soft  and  glossy  surface  in  imitation  of 
cashmere. 

Cas'ing.  1.  {Metal'tnorking.^  The  middle  wall 
of  a  blast-furaace.  Beginning  irom.  the  inside,  we 
find,  the  linvig,  Uxiffi^igy  easing,  and  mantle.  See 
Blast-furnace. 

2.  (Shipbuilding.)  The  cylindrical  curb  around 
a  steamboat  funnel,  protecting  the  deck  from  the 
heat. 

8.  {Blasting.)  A  wooden  tunnel  for  powder  hose 
in  blasting.     Hose-trough ;  auget. 

Cask.  1.  A  large  wooden  vessel  made  of  staves 
held  together  by  hoops,  and  having  heads  retained 
by  grooves  in  the  interior  perimeter  of  the  cask,  near 
the  chines. 

Casks  are  of  various  proportions  and  shapes.  The 
lai^er  are  known  by  specific  names,  as  the  vats  and 
tuns  of  the  brewer  and  distiller;  smaller  are  the 
pipes,  butts,  puncheons,  and  hogsheads  for  wine, 
etc.  ;  smaller  still  is  the  barrel,  which  has  almost 
superseded  in  the  United  States  all  other  kinds  of 
casks  for  the  commercial  transportation  of  liquids, 
such  as  whiskey,  petroleum,  vinegar,  etc.  Least  are 
kegs  and  dmms.  A  cask  knocked  down,  and  the 
staves  and  headings  bundled  and  hooped,  is  known 
as  a  shook. 

The  wood  for  casks  is  sawn  into  lengths,  and 
these  into  narrower  pieces,  called  codlings.  These 
are  listed  or  hewed  to  give  them  a  taper  towards 
each  end.  They  are  then  cleft  into  staves  by  a 
ffvui  and  maul.  They  are  then  dressed  to  give  the 
convex  exterior,  concave  interior  surface.      Then 


jointed^  which  gives  the  shape  to  the  edges,  so  that, 
wtten  drawn  in  at  the  chines,  the  staves  shall  fit 
closely  against  each  other. 

A  flayed  cask  is  one  having  a  flaring  or  conical 
form. 

A  bulged  cask  is  one  swelling  at  the  middle. 

In  the  dry  climate  and  with  the  limited  timber  of 
Egypt,  casks  for  Uquids  were  but  little  used,  but 
some  of  their  dry  measures  were  made  of  staves  and 
hooped  wood  or  metal. 

**  The  chief  freight  [of  the  boats  on  the  Euphrates] 
is  wine,  stored  in  casks  made  of  the  wood  of  the 
palm-tree." —  Herodotus,  I.  194. 

2.  (Dyeing.)  One  form  of  steam -apparatus  for  ' 
steaming  cloths  which  have  been  printed  with  a  mix- 
ture of  dye-extracts  and  mordants,  in  order  to  fix 
the  colors.  It  is  a  hollow  cylinder,  within  which 
the  cloths  are  suspended  for  the  application  of  the 
steam  admitted  to  the  interior  of  the  dmm. 

Caft'se-gra'ni-an  T^'e-«bope.  A  form  of  the 
reflecting-telescope  in  which  the' great  speculum  is 
perforata  like  the  Gr^rian.  but  the  ra3rs  conver- 
ging firom  the  surface  of  the  mirror  are  reflected  back 
by  a  small  convex  mirror  in  the  axis  of  the  telescope, 
and  come  to  a  focus  at  a  point  near  the  aperture  in 
the  speculum,  where  they  form  an  inverted  imace, 
which  is  viewed  by  the  eye-piece  screwed  into  tne 
tube  behind  the  speculum.    See  Telescope. 

Cas'si-mere.  (Fc^trie.)  A  single- width  men's 
woolen  goods^  twilled  and  oil-finished.  Keraeymert 
is  probably  a  comiption.  Kersey  is  a  local  name 
for  a  coarse  worsted  cloth  of  Scotland  and  Ireland. 

Cas'il-iietta  (Fabric.)  A  cloth  made  of  a  cot- 
ton warp  and  a  weft  of  fine  wool  or  wool  and  silk. 

Cast.    Warped.    Said  of  sprang  timber. 

Cas'ta-net.  A  clapping  instrument,  composed 
of  two  little  saucer-shapea  disk^  held  in  the  nand 
and  beaten  with  the  nuddle  finger,  generally  as  an 
accompaniment  to  the  dancing  of  the  player. 

These  were  used  by  the  vii^ns  in  the  ancient 
hymns  to  Diana. 

"  They  make  a  noise  like  castaneto.^^ 

Hkrmippds. 
**  Strikes  with  nimble  hand 
The  well-gilt,  braaen-founding  castanets.'* 

Song  to  Dtana,  quoted  by  DiCJUBOBUl. 

The  Pheeacians,  in  Homer,  had  a  dance  in  which 
their  figures  were  accompanied  by  the  bystanders, 
who  made  a  clapping  noise  A\'ith  their  forefingers. 
—  Athen^us. 

The  erotala,  or  wooden  clappers,  were  common  in 
Egyptian  musical  processions,  as  were  also  clapping 
of  hands,  cymbals,  tambourines,  and  tam-tams. 

The  little  cymbals  played  with  the  finger  and 
thumb  in  the  manner  of  castanets  are  shown  in  the 
paintings  of  Herculaneum,  and  are  used  in  the 
Almeh  dance  of  modem  Egypt. 

The  modem  InnieSf  which  give  so  much  vivacity 
to  the  negro  minstrelsy,  especially  the  factitious 
article  on  the  stage,  have  their  ancient  and  modem 
analogues  in  regions  and  times  far  remote.  Round- 
headed  pegs  are  seen  in  the  hands  of  some  of  the 
dancing  figures  in  the  paintings  of  Herculaneum, 
and  similar  instmments  of  wood  are  used  by  the 
Japanese.  In  ancient  Egypt  a  similar  eflect,  with- 
out the  rapidity  of  execution,  was  attained  by  the 
maces,  which  were  hollow,  metallic,  and  sonorous, 
and  in  the  illustration,  from  which  the  accompany- 
ing cut  is  derived  (a  tomb  in  Thebes),  the  player  is 
beating  time  for  a  group  of  professional  dancers. 

The  castanets  are  used  in  many  of  the  narional 
dances  of  the  countries  bordering  on  the  Mediterra- 
nean, and  the  use  extends  east  of  this  district  as  far 
as  China.    They  are  used  by  the  bayadeers  in  India, 
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Enfptian  Maees  (from  Thtbes). 

and  the  professional  dancing-ffirls  of  Java,  who  are 
painted  entirely  white,  and  whose  performances  are 
ratlier  attitudinizing  than  dancing ;  undnlatory 
motions  of  the  body,  arms,  and  head  taking  the  pbuce 
of  the  agility  of  the  legs  and  feet. 

The  Erst  suggestion  of  the  castanets  may  have 
been  the  practice  of  snapping  the  fingers  in  keeping 
time,  wooden  pins  being  afterwards  substituted  as 
being  more  effective,  the  players  striking  their  little 
maces  together  as  they  met  or  crossed  in  the  evolu- 
tions of  the  dance.  The  castanet,  thus  originating, 
became  of  a  festive  and  votive  character,  while  the 
heroic  cymbal  seems  to  have  originated  in  warlike 
dances  such  as  the  Pyrrhic,  Corybantian,  and  Per- 
sian, where  swords  and  shields  were  struck  and 
clashed  in  furious  imitation  of  the  scenes  of  war. 
See  Cymbal. 

The  mural  sculptures  of  Nineveh  show  lai^ 
bodies  of  men  welcoming  the  kins  by  advancing  in 
military  order,  clapping  their  hands  in  time  to  the 
rhythm  of  the  peean.  The  attitude  of  the  men 
forming  the  platoon  reminds  one  of  the  modem 
Shakers. 

Dancing  was  ori^ally  of  a  religious  character, 
and  has  been  introduced  into  the  religious  services 
of  all  nations  and  nearly  all  times.  In  many 
countries  it  is  practiced,  as  a  part  of  the  temple  ser- 
vices, by  urofessionals  only,  as  the  bayadeers  of 
India ;  or  oy  fanatics,  as  the  dervishes  of  Moslem 
lands.  In  Oriental  countries,  as  also  in  ancient 
Rome,  it  is  considered  unbecoming  the  gravity  of 
men,  and  they  regard  it  absurd  for  persons  who  can 
affoid  to  hire  dancers  to  give  themselves  so  much 
trouble. 

The  idea  of  dancing  as  a  festive  entertainment 
practiced  by  the  guests  seems  to  be  European, 
though  some  of  the  pictures  of  ancient  I^pt  indi- 
cate that  the  ffuests  danced  at  their  assembltes. 

Miriam  and  her  troupe  of  females  danced  as  a 
votive  exercise  in'  celebration  of  the  deliverance  at 
the  Red  Sea,  and  used  as  accompaniments  the 
musical  instruments  of  Egypt. 

Without  occupying  space  by  citing  the  saltatorial 
and  posturing  exercises  of  the  nations  of  antiquity, 
it  may  be  bnefly  mentioned  that  in  the  early  cen- 
turies of  the  Christian  Church  the  dance  was  com- 
bined with  the  hymn.  This  was,  no  doubt,  a  con- 
cession to  the  Pagan  habits  of  the  people.  Scaliger 
says  that  the  bishops  led  the  dance,  and  dancing  in 
churches  was  common  till  the  twelfth  century,  and 
in  some  Catholic  countries  till  the  seventeenth  cen- 
tury. . 

The  Mohammedan  religion  forbade  dancing  in 
mosques  1,000  years  before  it  was  discontinue  in 
churches.     The  Koran  pi-ouiises  no  dancing  in  Pai-a- 


dise,  nor  any 'other  active  employment. 
"Repose  yourself  for  a  moment,"  said 
Derar  to  Caled  ;  **  you  are  fatigued  with 
fighting  with  this  Christian  dCog."  ''O 
^rar,  said  the  indefatigable  Sancen, 
"we  shall  rest  in  the  world  to  come.  He 
that  labors  to-day  shall  rest  to-morrow." 
So  they  fought  on  by  the  walls  of  Damas- 
cus. 

Casf  er.  1.  A  small  wheel  attached  to 
the  leg  of  a  table,  chair,  or  other  piece  of 
furniture,  in  order  to  facilitate  its  being 
moved  about  without  lifting. 

It  turns  on  a  vertical  pivot  as  well  as  on 
its  axis.  It  is  not  easy  to  determine  whether 
the  circular  objects  beneath  the  feet  of  the 
chair  of  Rameses  III.  are  casters  or  merely 
balls  in  the  grasp  of  the  claws  which  form 
the  chair-feet,  it  is  in  the  tomb  of  the 
kings  of  Theb^  and  the  great  Sesostris  is  represented 
in  his  private  apartments.  The  chair  is  a  folding 
one,  the  X-le^  being  pivoted  on  a  horizontal  bar  at 
their  intersections. 

The  illustration  shows  several  kinds :  a  piano- 
leg  caster,  having  a  hall  B  with  trunnions  ;  a  sew- 

Fijr.  117S. 


^       Castfrt. 

ing-machine  caster,  in  which  the  wheel  D  is  attached 
by  a  domed  bracket  (7  to  the  leg  ;  a  table-leg  caster 
having  anti-friction  rollers  ec;  a.  caster  with  a  pair 
of  wheels  a  a. 

2.  A  stand  to  hold  cruets. 

Casf  er-^^haeL  This  wheel  is  adapted  to  rotate 
on  its  axis  in  the  stock  in  which  it  is  joumaled,  and 
the  stock  itself  rotates  on  a  vertical  axis,  according 
to  the  direction  of  propulsion  of  the  carriage  or  arti- 
cle to  which  it  is  attached.  The  caster-wheel  is 
used  as  a  support  to  the  front  parts  of  machines,  such 
as  harvesters,  gang-plows,  spading,  digging,  exca- 
vating, and  plowing  machines,  to  enable  thou  to  be 
stecrt^  or  to  turn  hliort  around  at  the  end  of  the 
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Caster  WkteL 


row.  The  illustration  showfi  the  caster^wheel  X  at 
the  forward  end  of  a  harvester. 

CaB-til'ian  Fur'naoe.  {iietaHuray.)  A  lead- 
smelting  furnace  invented  by  Goundry  (English), 
but  first  used  in  Spain.  Its  chief  peculiarity  is  the 
arrangement  for  running  off  a  constant  stream  of 
slag  for  future  treatment,  the  slag  running  into  cast- 
iron  wagons,  which  succeed  each  other  as  their  pred- 
ecessors become  filled.  —  Uee,  Vol.  III.  pp.  689- 
692  (Am.  ed.). 

Csuit'lng.  Scattering  references  to  the  castine  of 
metals  are  found  in  the  Greek  writers.  The  paint- 
ings and  sculptures  of  the  Egyptian  tombs  have 
failed  to  throw  any  light  upon  the  subject  of  the 
process.  A  multitude  of  cast  bronze  fiffuree  are  in 
the  European  collections,  and  in  the  Amx>tt  Collec- 
tion of  the  N.  Y.  Historical  Society,  New  York  City. 
It  is  probable  that  Jthe  shaping  of  metal  by  the  ham- 
mer, chisel,  and  graver  preceded  that  of  casting  in- 
to molds  of  specific  form.  Pausanias  declares  that 
statues  beyond  the  reach  of  the  smith's  art  were 
made  piecemeal  and  the  portions  fastened  together. 
He  supDoses  the  statue  erected  by  Ulysses  to  Nep- 
tune to  nave  been  thus  constructed.  He  ascribes  the 
art  to  Rhoecus  and  Theodorus,  of  Samos,  in  the  time 
of  Polycrates  (555  b.  c),  the  patron  of  Pythagoras 
and  Anacreon. 

Bronze  castings  of  Egyptian  and  Etruscan  work- 
manship, and  of  great  antiquity,  are  found,  but  are  not 
identified  with  any  date.  The  bronze  statues  of  both 
nations,  in  all  probability,  antedate  the  foundation 
of  Rome,  753  b.  c. 

The  casting  of  the  bronze  vessels  and  ornaments 
for  the  service  of  the  Temple  at  Jerusalem  was  about 
1004  B.  c,  and  took  place  in  the  clay  ground  be- 
tween Succoth  and  Zeredatha.  This  is  far  more  an- 
cient than  the  Grecian  annals,  and  the  calf-idol 
cast  by  Aaron  was  five  hundred  years  eailier  still.  It 
was  an  old  art  in  Egypt. 

With  the  exception  of  the  statues  of  cast-iron  re- 
ferred to  as  mentioned  by  Pausanias  (about  a.  d. 
120),  and  regarded  as  curiosities,  the  ancients  seem 
to  have  had  no  knowledge  of  the  uses  of  cast-iron. 
It  was  regarded  as  in  a  transition  stage,  and  was  des- 
tined to  be  made  mall.eable  by  continuous  processes 
of  heating  and  hammering.  Pausanias  says  :  *'  The 
temple  of  the  Great  Mother  at  Sparta  is  said  to  have 
been  built  by  Theodorus  the  Samian,  who  first  dis- 
covered the  art  of  casting  iron  and  making  statues  of 
it"  *' At  Delphi  is  dedicated  a  Hercules  and  Hy- 
dra, both  of  iron.  To  make  statues  of  iron  is  moist 
difficult  and  laborious,  but  the  work  of  Tisagoras, 
whoever  he  was,  is  really  admirable.  In  Pergamus 
are^the  heads  of  a  lion  and  a  boar,  both  of  iron." 
Theodorus  is  understood  to  have  lived  in  Samos  be- 
fore it  was  merged  into  the  Greek  Empire,  which 
took  place  when  it  was  conquered  by  Athens,  440 
B.  0.     A  woric  on  iron  and  steel  written  in  1550  does 


not  mention  any  use  for  cast-iron  ;  castings  in  bix>nze 
and  brass  had  been  known  and  used  for  certainly 
forty  centuries.  The  early  mode  of  making  cannon 
was  by  fitting  iron  bars  together  and  hooping  them^ 
but  they  were  subsequently  cast  of  bronze.  ,  British 
iron  was  cast  by  Ralph  Page  and  Peter  Baude  in 
Sussex  in  the  year  1543. 

In  1612,  1613,  and  1619,  pa- 
tents were  granted  in  England  for 
the  use  ofcoal  in  iron-casting.  The 
first  two  were  unsncce-ssfm,  and 
the  last  would  appear  to  have  been 
successful,  as  it  provoked  the  usual 
results, — a  mob  tore  down  the  es- 
tablishment. The  writer  does 
not  recollect  any  account  of  the 
tearing  down  of  a  shop  where  a  supposed  perpetual- 
motion  engine  was  domiciled. 

Emmanuel  Swedenborg,  in  his  "  Regnum  Subterra- 
neum"  (1784),  credits  the  English  workmen  with 
the  first  successful  casting  of  iron  cannon  at  various 
foundries  in  Kent  and  Sussex.  Workmen  from  these 
parts  carried  the  art  to  Perigord  in  France.  The 
only  use  for  iron  castings  at  that  time  was  for  ord- 
nance. 

Members  of  the  Society  of  Friends  started  iron- 
works at  Coalbrookdale,  in  Shropshire,  England, 
early  in  the  eighteenth  century.  Their  religious 
principles  forbade  their  casting  cannon,  and  they 
devoted  their  metal  to  peacefm  usages  and  equip- 
ments ;  casting  fire-^tes,  boilers,  and  numerous 
articles  of  medium  size.  Many  difficulties  seem  to 
have  beset  the  workmen,  in  regard  to  the  making  of 
flasks,  the  selection  of  a  suitable  loam  and  parting  ; 
and  the  eventual  success  is  connected  with  a  pleas- 
ing episode  in  the  history  of  mechanical  industry, 
which  is  substantially  as  follows  :  — 

About  1709,  Abnuiam  Darby,  of  Bristol,  had  a 
Welsh  boy  in  his  service  named  John  Thomas.  The 
master  had  been  endeavoring  to  cast  iron  with  but 
indifferent  success,  and  the  boy  state<l  that  he  saw 
through  the  difficulty.  They  stayed  after  the  work- 
men had  left,*  and  cast  an  iron  pot  in  a  mold  of  fine 
sand  with  a  two-part  flask,  and  with  air-holes  for 
the  esdcpe  of  steam,  etc.  From  1709  to  1828  a  busi- 
ness partnership  was  maintained  in  the  persons  of 
themselves  and  their  descendants,  and  the  pi-ocess  is 
stated  to  have  been  kept  secret  at  Coalbrookdale  till 
about  1800.  From  tne  terms  of  the  account,  it 
would  seem  to  have  been  hollow-ware  that  particu- 
larly bothered  them  ;  and  no  one  who  is  acquainted 
with  the  art  of  casting  iron-ware  of  that  description 
will  wonder  at^he  difficulties  that  attended  the  first 
attempt,  or  wiUihold  the  meed  of  praise  due  to  the 
success  of  the  man  and  his  boy. 

An  Abraham  Darby  erected  the  first  iron  bridge  in 
1777 ;  it  spanned  the  Severn  near  Coalbrookdale  with 
a  single  arch.  It  is  believed  that  at  these  works 
coke  and  coal  were  first  successfully  used  in  smelt- 
ing iron. 

very  small  iron  castings  are  made  at  Berlin,  Ger- 
many, known  as  the  Berlin  iron  ornaments  and 
chains.  One  exhibited  in  London  was  4  feet  10 
inches  long,  had  180  links,  and  weighed  1}  ounces. 

Professor  Ehrenbei^g,  the  renowned  microscopist, 
states  that  the  iron  of  which  they  are  composed  is 
made  from  a  bog  iron-ore,  and  that  the  sand  is  a 
kind  of  tripoli,  also  containing  iron.  Both  are  com- 
posed of  the  remains  of  animalcules. 

The  origin  of  these  interesting  works  of  art  was 
during  the  struggle  between  Prussia  and  France  un- 
der Napoleon  I.  The  generous  ladies  gave  up  their 
jewels  to  purohase  the  necessary  armaments,  and 
received  in  return  iron  ornaments  which  bore  th« 
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inscription,  Ich  gab  CMd  um  Eisen, —  **  I  gave  gold 
for  iron." 

An  anvil  block  weighing  280,000  pounds,  to  be 
used  with  a  44,800-pound  double-action  foige-ham- 
mer  wa^  cast  at  Newcastle-upon-Tyne. 

To  obtain  the  best  result  in  compact  metal-cast- 
ings, destitute  of  porosity  and  with  sharp  definition 
on  the  angles  and  ornaments,  casting  under  pressure 
has  been  devised.  See  UoUingrake's  English  (mtent, 
1819. 

Fig.  1180.  In  one  case 

the  molds  are 
so      arranged 
that   the   top 
part  serves  as 
the  follower  of 
a  press,  and  is 
operated  upon 
by    screws. 
The    top    fits 
closely      into 
the      matrix, 
and     is    pro- 
^  vided  with  in- 
I   sates  for  the 
I   metal,   which 
are  closed  by 
\  slides      when 
'  the    mold    is 
^  fnll.     The 
Omuing'MiieMne,  pressure  is  ap- 

plied to  the 
metal  while  in  a  melted  state,  by  means  of  the 
screws,  with  sufficient  force  to  expel  the  air  and  gas 
from  find  solidify  the  metal. 

In  Smith's  process  of  compressive  casting,  the 
thing  to  be  copied,  say  a  page  of  tvpe,  is  placed  face 
upwards  on  a  flat  brass  plate,  ana  then  coated  all 
over  with  a  preparation  of  potter's  clay  worked  in 
with  a  brush.  When  the  wnole  face  of  the  article 
to  be  molded  has  been  covered,  the  plate  carrying 
it  is  placed  on  the  bed  of  a  screw-press.  A  brass 
box  IS  locked  round  it,  and  this  box  is  filled  np  for 
about  two  inches  with  pottery  clay,  sifted  in  and 
slightly  rammed  down.  The  whole  is  then  put 
under  the  tympan  of  the  press,  and  squeezed  hard 
by  two  men  operating  the  handles  of  the  screw. 
The  box  is  then  opened,  and  out  comes  a  flat  tile 
with  the  model  still  fixed  in  it.  The  model  is  with- 
drawn by  a  little  suction  apparatus  of  india-rubber, 
and  we  have  an  exact  facsimile  of  the  model,  ready, 
when  dried,  to  be  cast  from.  Nothing  can  exceed 
the  beautv  of  the  result  produced  by^the  casting  of 
the  metal  under  pressure  in  the  mold  thus  pre- 
pared. Screws  and  nuts  which  never  had  a  tool 
put  on  them  leave  nothing  to  be  desired  in  the  way 
of  accuracy  and  completeness. 

In  the  English  patent  (No.  3,197,  January  28, 
1809),  the  molds  for  casting  are  upright  and  made  to 
revolve  on  pivots  or  spindles  while  the  metal  is  poured 
in.  The  centrifugal  force  causes  the  metal  to  fill 
up  all  the  parts  of  the  mold. 

In.  an  American  patent  of  1857,  the  car- wheels 
are  revolved  so  that  the  first  metal  poured  in  is  made 
to  form  the  tread  of  the  wheel,  and  a  second  portion 
to  form  the  body  of  the  wheel. 

In  Bessemer's  patent  the  metal  is  poured  into 
a  revolving'  cylinder  whose  rapid  rotation  causes 
it  to  collect  on  the  inside  of  the  same,  when  it  Ls 
allowed  to  cool.  It  is  then  split  open  and  rolled 
flat. 

Castings  of  great  delicacy  are  produced  by  using 
models  of  wax.  These  are  imbedded  in  molds  made 
of  fine  .ground  earth,  which  are  then  heated  red-hot. 


The  mold  is  baked,  the  wax  disappears,  and  the 
metal,  when  poured  in,  exactly  takes  its  place. 
The  wax  model  is  often  made  in  a  gelatine  mold, 
which,  being  very  elastic,  will  slip  otf  the  original 
object  which  is  to  be  copied  into  metal. 

With  large  hollow  castings,  such  as  the  cylinders 
of  the  larger  class  of  low-pressure  steam-engines, 
both  the  core  and  the  cope  are  built  up. 

For  s]>ecific  index  of  terms,  processes,  and  ap- 
pliances in  casting,  see  Founding. 

Cast/ing-boz.  {Founding^)  A  flask  containing 
the  mold.    See  Flask. 

Cast'ing  Clay-ware.  {Pottery.)  Delicate  ob- 
jects, which  cannot  be  readily  molded  by  pressing 
the  clay  into  the  mold,  are  cast  by  the  following  pro- 
cess. 

The  plaster  mold  being  closed,  the  slip  or  creamy 
clav  is  poured  in,  and  the  portion  nearest  to  the 
mold  becomes  hardened  by  the  absorption  of  the  wa- 
ter by  the  mold.  The  fluid  portion  is  then  poured 
out,  and  the  mold  partially  dried.  A  second  filling 
of  slip  yields  another  coating,  and  the  process  is  re- 
peated as  often  as  may  be  necessary  to  give  ^e 
required  thickness  to  the  casting. 

Cast'ing-la'dle.  (Founding.)  An  iron  vessel 
with  handles  for  conveying  molten  metal  from  the 
cupola  and  pouring  it  into  the  mold. 

Casf  ing-presa.  One  in  which  metal  is  cast  un- 
der pressure,  as  in  the  car- wheel  press  (Fig.  1100, 
Casting). 

Caafing-alab.  {Glass-Tnanufacture.)  The  flat 
piece  on  which  the  metal  is  poured  in  making  .^ilate- 
glass.     The  casting-table. 

Capfing-tanble.  {Qlass-mmm/acture.)  The  ta- 
ble in  a  plate-glass  factory  upon*  which  the  molten 
glass  is  poured  from  the  cuvette,  and  rolled  to  a  thick- 
ness by  a  roller  which  rests  upon  the  marginal  ledges 
of  the  table,  whose  hight  determines  the  thickness 
of  the  plate.     See  Plate-glass. 

The  table  T  is  of  cast-iron,  perfectly  level  and 
smooth,  and  placed  or  mounted  so  that  the  plate 
may  be  delivered  into  the  mouth  of  an  annealing- 
oven  at  the  same  elevation. 

The  cuvette  C  containing  the  molten  glass  is  con- 
Fig.  1181. 


Outing-  TbbU. 

veyed  by  a  traversing  crane  from  the  oven,  where 
its  contents  have  been  settling  for  several  hours,  and, 
being  brought  over  the  table,  is  tipped  by  means  of 
the  tongs,  so  as  to  spill  its  contents  upon  the  table. 
The  roller  It  is  then  set  in  motion,  so  as  to  flatten 
out  the  mass  of  glass.  At  the  sides  of  the  table  are 
ledges,  which  elevate  the  roller  to  a  given  distance 
above  the  table,  and  thus  determine  the  thickness 
of  the  glass. .  The  standing  position  of  the  roller  is 
at  the  far  end  of  .the  table,  as  represented  ;  and  as  it 
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passes  forward,  it  compresses  the  glass  in  a  wave 
oefore  it,  driving  any  surplus  over  the  end  of  the 
table,  where  it  falls  into  water.  A  washer  W  is 
passed  immediately  in  front  of  the  glass,  to  clear  the 
table  of  all  impunties.  The  roller  then  rests  in  the 
grooves  n  n. 

The  plate  is  then  shifted  into  the  oven,  where  it 
remains  five  days  to  anneal. 

Cast-i'ron.    1.  A  com[K>and  of  iron  and  carbon. 

2.  Iron  run  from  the  smelting-furnace.    Pig-iro^i. 

8.  Iron  melted  and  run  into  molds.  See  Cast- 
ing. 

Cas'tor.  {Fabric.)  A  heavy  milled  cloth  for 
overcoats. 

Cas-trafing-olamp.  Used  in  confining  the 
chords  and  vessels  in  the  operating  of  orchotomy  by 
excision  of  the  parts,  as 


1182. 


Castrating-  Clamp, 


in  the  case  of  the  horse. 

**  It  is  a  custom  pecu- 
liar to  all  the  Scvthian 
and  Sarmatian  tnbes  to 
castrate  their  horses,  in 
order  to  render  them 
more  tractable."  — 
Strabo,VII.  v.  1. 

The  metallic  tonmi- 
quet-clamp  is  furnished 
with  set  screws  and  a 
peculiar  pair  of  lips  or 
guides. 

The  practice  of  cas- 


trating calves  and  pigs  was  usual  in  Greece. 
Athensus,  in  the  '*Deipnosophists,"  says  :  — 
"And  how  much  better  a  paunch  of  a  castrated 
animal  is,  Hipparchus  tells  us  :  — 

"  *  But  above  aU  I  do  deUght  in  dishes 

or  paaochee  aod  of  tripe  from  gelded  beaHts, 
And  love  a  fragrant  pig  within  the  oren.' 

•*  Sopater  says  in  his  *  Hippolytus '  :  — 

"  '  But  like  a  beaateoos  paunch  of  gelded  pig, 
Holding  within  a  sharp  aod  biting  gravy.' >* 

CastHiteeL  Blister  steel  which  has  been  broken 
up,  fused  in  a  crucible,  cast  into  ingots,  and  rolled. 
The  blocks  of  steel  are  melted  in  crucibles  of  re- 
fractory clay,  and  the  molten  metal  is  poured  into 
ingot-molds  of  east-iron.  These  are  opened,  to 
let  out  the  red-hot  ingot,  which  is  then  passed  to  the 
rolls.     See  Crucible  ;  Inoot-mold. 

The  process  of  making  cast-steel  was  invented  by 
Benjamin  Huntsman,  of  Attercliff,  near  Sheffieltl, 
England,  in  1770. 

Cast-steel  Fur'naoa  The  furnace  has  a  strong 
wind-draft,  and  is  lined  with  a  very  refractory  com- 
Plg  1183.  P®^^^*^*^-  ^*^^  furnace  is  adapted  to  contain 
two  crucibles,  each  of  which  is  about  2  feet 
high,  and  holds  a  charge  of  80  pounds  of  blis- 
ter-steel. The  crucibles  stand  on  short  cyl- 
inders of  cla^,  and  have  a  lid  of  the  same 
material,  which  is  luted  to  the  top  of  the 
crucible,  a  lit- 
tle glass  being 
sprinkled  on  the 
joint  for  that  pur- 
pose. The  fuel  is 
coke,  and  the  time 
occupied  in  melt- 
ing is  four  hours. 
The  heat  gener- 
ated in  the  cast- 
steel  furnace  is 
said  to  be  greater 
than  in  any  other  manufacture.  For  some  pur- 
poses the  ingots  are  made  much  larger  than  the 
weight  stated,  even  as  high  as  200  pounds.     For  the 


Coit'Sttel  Furnace. 


heavy  forging  such  as  the  Krupp  guns,  some  hun- 
dreds of  crucibles  are  used.  Four  or  five  tons  of  coke 
ars  used  in  melting  one  ton  of  steel.  Wootz  is  a 
cast-steel  made  from  magnetic  ore,  in  crucibles. 

The  crucibles  are  withdrawn  by  tongs  and  grasped 
by  other  tongs,  lifted,  tipped,  and  emptied  into  the 
iiigot-mold.  The  pourii^j^  is  called  (earning.  The 
mold  is  opened  while  the  ingot  is  vet  red-hot,  and  the 
steel  is  passed  to  the  rolling-mill.  The  ingot-mold^ 
separates  longitudinally,  and  the  parts  are  held  to- 
gether by  collar-clamps  and  wedges.  See  Cementa- 
tion Furnace. 

Cat.  (Nautical.)  The  tackle  by  which  the  anchor 
is  raised  to  the  cat-head.  The  block  is  the  cat- 
block  ;  the  rope,  the  cat-fall. 

Cafa-di-op'trio  Light  A  mode  of  illumination 
for  lighthouses  in  which  reflection  and  refraction  are 
unitedly  employed.  Suggested  by  Allan  Stevenson 
in   1834.      From  their 


subjecting  the  whole  of 
the  available  light  to 
the  corrective  action  of 
the  instrument,  they 
have  been  called  holo- 
photaX  lights. 

The  accompanying 
figures  illustrate  in  brief 
the  main  mechanical 
features  of  this  appara- 
tus. 

^  is  a  central  section, 
in  which  the  anterior 
cone  of  rays  is  made 
parallel  bv  the  lens  at 
«,  and  'the  remaining 
zone  by  the  paraboloid 
surfaces  p  p.  The  pos- 
terior hemisphere  of 
rays  is  received  on  the 
hemispherical  mirror  m 
n  0,  and  by  it  is  sent 
back  to  the  focus  /, 
whence,  passing  on- 
ward, it  is  in  part  re- 
flected by  the  lens  t 
and  partly  by  the  parab- 
oloid surfaces  p  p,  and 
finallv  emei^es  horizon- 
taUy  in  unison  with  the 
light  from  the  anterior 
hemisphere,  s  repre- 
sents on^of  the  struts 
for  supporting  the  re- 
flecting-plates  p  p. 

B  is  another  form  of 
the  ap^iaratus,  consist- 
ing of  a  hemispherical 
mirror  m  and  a  lens  e, 
having  totally  reflect- 
ing zones  z  z  between 
them,  instead    of    the 


Fig.  1184. 


Catadioptric  Light. 


paraboloid  surfaces  ;; ;?  of  the  other  figure. 

C  is  another  form,  in  which  the  hemispherical 
metallic  reflector  is  replaced  by  a  polyzonal  hemi- 
sphere, of  which  each  concentric  zone  a  has  a  cata- 
dioptric action,  like  that  which  is  exerted  upon  rays 
falling  at  right  angles  on  the  longest  side  of^a  right- 
angled  triangular  prism.  A  ray  proceeding  from 
the  focus  falls  on  the  concave  or  first  surface,  enters 
without  refraction,  is  totally  reflected  at  the  second 
surface  in  a  direction  tangential  to  the  sphere  at  the 
apex  of  each  zone,  and,  passing  on,  is  again  reflected 
at  the  third  surface,  and  finally  emerges  from  the 
opposite  end  of  the  inner  or  concave  surface  without 
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i-efnction ;  whence,  passing  on  through  the  center 
of  the  hemisphere,  it  becomes  a  portion  of  the  an- 
terior cone  of  rays,  and,  being  refracted  through  the 
lens  e  or  reflected  by  the  catadioptric  rings  c  c,  final- 
ly emerges  in  the  paths  shown  by  the  arrows^  and 
adds  its  power  to  the  effect  of  the  pencils  of  rays. 

Cat'a-drome.  A  machine  for  hoisting  heavy 
weights. 

Caf  a-graph.    The  first  draft  of  a  picture. 

Cat'a-Ieui-^iimaoa  A  blast-furnace  for  redu- 
cing|  iron  ores,  extensively  used  in  the  North  of 
Spam,  particularly  in   the  province  of  Catalonia, 

FIg.ll8&. 


stnicted  for  the  invasion  of  England  by  Bonaparte  ; 
the  floating  carcasses  were  a  failui^  ;  but  for  his  own 

Vig  1186. 


CaUtUauFiamaee. 

fh>m  whence  it  derives  its  name,  and  whence  it  was 
probably  introduced  into  Southwestern  Europe. 
'  It  consists  of  a  four-sided  cavity  or  hearth,  which 
is  always  placed  within  a  building  and  separated 
from  the  main  wall  thereof  by  a  thinner  interior  wall, 
which  in  part  constitutes  one  side  of  the  furnace. 

The  blast-pipe  comes  through  the  wall,  and  enters 
the  fire  through  a  tuyere  which  slants  downward. 
The  bottom  is  foi-med  of  a  refi-actoiy  stone,  which  is 
renewable. 

The  furnace  has  no  chimneys. 

The  blast  is  produced  by  means  of  a  fall  of  water, 
usually  from  22  to  27  feet  high,  through  a  rectan- 
gular tube,  into  a  rectangular  cistern  below,  to 
whose  upper  part  the  blast-pipe  is  connected,  the 
water  escaping  through  a  pipe  below. 

This  apparatus  is  exterior  to  the  building,  and  is 
said  to  afford  a  continuous  bla.st  of  great  regularity  ; 
the  air,  when  it  passes  into  the  furnace,  is,  nowcver, 
saturated  with  moisture. 

This  apparatus  is  called  a  trompe,  A  longitudinal 
vertical  section  of  the  furnace,  and  of  the  lower  part 
of  the  tromi^e,  by  which  the  blast  is  regulateo,  is 
shown  in  Fig.  1185. 

Cat'a-lyB'o-type.  {Photography,)  A"  calotype 
process  in  which  the  paper  is  first  prepared  with  a 
syrup  of  iodide  of  iron,  instead  of  the  iodide  of 
potassium.  The  name  was  given  to  the  process  to  in- 
dicate the  supposed  fact  that  the  gradual  self-devel- 
opment of  the  picture  is  the  result  of  a  catalytic  ac- 
tion.   The  true  chemical  reaction  is  now  understood. 

Cat'a-ma-ran^  (NautictiL)  a.  It  is  formed  of 
logs  usually  three  in  number,  the  middle  one  the 
laigest,  and  all  secured  by  three  lashings..  The  logs  are 
slanted  for  cutwaters,  and  the  raft  —  for  such  it  is  — 
is  sometimes  from  20  to  25  feet  long  and  2)  to  3} 
feet  wide.  They  land  and  push  off  through  surfs,  on 
the  Madras  coast,  which  would  swamp  even  the  coun- 
try boats.  In  moderate  weather  they  carry  matting 
sails  by  means  of  an  outrigger. 

They  may  be  seen  on  the  west  coast  of  South 
America  many  miles  out  at  sea,  carrying  Indians  em- 
ployed in  fishing. 

h.  The  incendiary  rafts  prepared  by  Sir  Sidney 
Smith  for  destroying  the  French  flotilla  at  Bologne, 
1804,  were  called  catamarans.     Tlie  flotilla  was  con- 


reasons  the  general  broke  up  his  camp  and  trans- 
ported his  troops  to  the  Rhine.  The  capitulation 
of  Ulm  and  the  battle  of  Austerlitz  soon  followed. 

Caf  a-me'iii-alHiack.  A  receptacle  for  the  cata- 
menia. 

Cat'a-pfolt.  An  ancient  engine  for  hurling  stones 
or  darts.  It  is  usually  represented  as  a  cross-bow 
on  a  laige  scale. 

Cafa-raot.  {Steam-engine.)  A  regulator  in- 
vented by  Smeaton  for  single-acting  steam-engines. 

The  plug-tree  in  itt  ascent  draws  upon  a  cord,  and 
lifts  a  piston  in  a  vertical  pump-barrel  whose  foot  is 
submerged  in  water;  a  valve  at  the  foot  of  the 
barrel  admits  the  water  thereto.  The  np-stroke 
having  ceased,  the  piston  rests  upon  the  water,  and 
a  discharge-valve  opens.  The  rate  of  discharge  is 
regulated  by  the  load  on  the  piston  or  the  size  of 
the  aperture.  When  the  plunger  passes  a  certain 
point,  it  makes  the  changes  which  readmit  the 
steam,  the  plug-rod  having  no  effect  in  so  doingi  as 
its  connection  is  flexible.  By  the  means  of  this 
device,  called  a  catarad^  the  time  of  admitting 
steam  is  regulated  by  the  flow  of  a  certain  quantity 
of  water  turough  an  opening,  and  is  entirely  inde- 
pendent of  the  engineer,,  of  the  pressure  of  the  steam 
and  other  contin^ncies,  provided  that  sufficient 
pressure  is  niaintained  to  run  the  engine  at  all. 

If  the  boiler  steam  be  at  an  unusual  tension,  the 
stroke  may  be  made  faster,  but  the  interval  between 
strokes  depends  upon  .the  hydraulic  device  described. 
See  CoRKisH  Steam-enoine. 

A  modification  of  this  is  introduced  into  marine 
engines  for  softening  the  fall  of  the  expansion- 
valves.  A  brass  cylinder  is  filled  with  water  or  oil, 
and  fitted  with  a  solid  piston  connected  by  a  cross- 
head  with  the  valve-spindle.  The  fall  of  the  valve 
is  checked  and  regulated  by  the  escape  of  the  water 
or  oil  through  a  small  hole  bored  for  that  parpooe 
in  the  side  of  the  cylinder,  the  piston  of  the  cataract 
descending  according  as  the  liquid  is  forced  oat  from 
before  it  by  the  pressure  due  to  the  weight  of  the 
expansion-valve.     See  Ctrr-OFF. 
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Gat'a-raot-knifa  (Surgieal.)  A  small  keen- 
edged  knife  nsed  in  the  operation  of  removinff  cata- 
'racts  by  extracting  the  crystalline  lens  entireW. 

When  the  opaque  body  is  removed  and  lignt  ad- 
mitted for  the  first  time  to  the  organ,  the  retina  re- 
ceives a  new  sensation,  but  much  time  elapses  before 
the  person  is  able  to  appreciate  form  or  distance ; 
this  IS  a  matter  of  practice  and  experience. 

Cheselden  the  oculist  ^ves  an  interesting  account 
of  a  person  blind  from  birth  and  brought  to  light  at 
a  mature  age.  An  account  is  given  in  Mark  viii. 
22  -  26,  of  a  blind  person  upon  whom  a  miracle  was 
performed  by* which  he  became  for  the  first  time 
sensible  of  light.  Being  asked  "  if  he  saw  aught,'* 
he  replied,  "  i  see  meq  as  trees,  walking";  that  is, 
he  saw  something  moving,  but  had  no  perception  of 
relative  form  or  distance,  whether  the  object  was  a 
man  or  a  tree,  near  or  distant.  A  second  and  more 
wonderful  miracle  (v.  25)  gave  the  eyes  their 
functional  power,  the  nerves  and  brain  the  true  per- 
ception of  tlie  image  on  the  retina.  This  was  be- 
yond the  skill  of  the  oculist. 

A  successful  operation  for  cataract  was  performed, 
in  the  25th  Nivose  (January  1 4),  1799,  in  the  Hospice- 
des  Yillards,  Paris,  on  a  man. aged  twenty-four,  bom 
blind.  The  operator  was  Citizen  Fortenze,  accord- 
ing to  the  affected  style  of  the  day. 

Caf  a-raot-nee'dle.  {Surgical.)  A  pointed  in- 
strument used  for  depressing  the  crystalline  lens  in 
the  operation  of  couching. 

Ca-tarrh'alHiyr'inge.  A  nasal  irrigator  or 
douche  as  a  remedy  for  or  alleviator  of  catarrh. 

Qat-beam.  {Shipbuilding.)  The  longest  beam 
in  a  ship.  The  heaJc-head  beam. 
Catr-blook.  {NaiaiccUJ)  A  two  or  three  fold 
block,  iron-bound,  with  a  large  iron 
hook  attached  to  it,  employed  to  draw 
the  anchor  up  to  the  cat-nead.  On  the 
forward  side  of  the  shell  of  this  block 
are  two  small  eye-bolts,  for  the  purpose 
of  fitting  a  small  rope,  called  the  back- 
ro]>e  briale,  used  in  nooking  the  cat. 

Catoh.    A  spring  bolt   for  hinged 
doors  or  lids. 

Catoh-bar.   {KniUing-machine.)   A 
bar  employed  to  depress  the  jacks. 

Catch-^ba'ain.  A  cistern  at  the 
point  of  discharge  into  a  sewer,  to  catch 
Cttt-Boek.  heavy  and  bulky  matters  which  would 
not  readily  pass  through  the  sewers,  but 
which  are  removed  from  time  to  time.  The  catch- 
basin  in  the  example  has  several  receptacles,  which 
combine  to  fill  the  space,  and  are  separately  remov- 
able, to  assist  in  the  dischaige.  The  central  cylinder 
is  shown  in  the  position  of  being  raised. 

Catch-bolt.  A  cupboard  or  door  bolt  which 
^elds  to  the  pressure  m  closing  and  then  springs 
into  the  keeper  in  the  jamb.  Usually  retracted  by 
a  small  knob. 

a^oh-ieed'er.     {Hydraulic  Engineering,)    An 
irrigating  ditch. 
Catoh'lng-liook.    A  crochet-hook. 
A  crook  or  animal-catching  hook. 
Catch-mo'tioii.    {Machinery.)    A  motion  in  a 
lathe  by  which  speed  is  changed. 

Catoh-wa'ter  Drain.  A  drain  to  intercept  wr- 
ters  from  high  lands,  to  prevent  their  accumulation 
upon  lower  levels. 

Water  thus  intercepted  and  carried  off  may  have 
an  effective  and  rapid  fall  to  the  outlet,  whereas,  if  it 
were  allowed  to  find  a  lower  level,  it  might  require 
the  aid  of  machinery  to  lift  it  to  get  rid  of  it. 

This  plan  of  intercepting  water  also  lessens  the 
extent  of  an  inundation. 


Fig.  1187. 


Fig.  1188. 


,  Caieh'Basin, 

In  the  illustration,  EFOis  the  catch-water  <2mtn. 
ff  I  J  is  A  parallel  main  drain.  K  a  main  drain, 
into  which  the  smaller  ones  empty.     A  B  the  river. 

Fig.  1189. 


CaUh' Water  Drain, 

Gatbh-work.  (Hydraulic  Engineering.)  A  wa- 
ter-way for  flooding  artificial  meadows. 

Cat'e-lec'trode.  The  negative  pole  of  a  voltaic 
batterj'. 

Cat'e-na-ry.  The  curve  assumed  by  a  cord,  wire, 
or  chain,  hanging  freely  between  two  points  of  sus- 
pension. 

Galileo  suggested  that  it  was  the  proper  figure  for 
an  arch  of  equilibrium.  In  this  the  great  Florentine, 
as  usual,  was  correct. 
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It  is  now  universally  adopted  in  suspension-bridges. 
Ekich  wii-e  assumes  its  own  catenary  curve,  and  the 
cable  is  formed  of  bunches  of  aggregated  strands. 

Formerly  they  were  made  to  form  arcs  of  circles. 

Cat-lalL  {Nautical.)  The  tackle  *by  which  the 
anchor  (by  its  ring)  is  suspended  from  the  ccU-head 
in  hauling  up. 

Caf  gut.  Twisted  intestines  of  animals.  Those 
of,  the  poor  Italian  sheep  are  preferred  to  those  of 
better-fed  animals  of  other  countries. 

The  guts,  taken  wann  from  the  animal,  are  cleaned, 
freed  from  adherent  fat,  and  rinsed  in  pure  water. 
They  are  then  soaked  for  two  days,  scraped  with  a 
copper  plate  having  a  semicircular  noteh,  beginning 
at  the  smaller  end.  This  removes  the  mucous  ana 
peritoneal  membranes.  The  guts  are  then  soaked, 
again  scraped,  washed,  steeped  in  weak  lye  (two 
ounces  to  tne  gallon),  passed  tnrough  a  polished  nole 
in  a  piece  of  brass,  to  equalize  the  surface,  twisted, 
drie^  and  sotted.  They  may  then  be  dyed  or  sul- 
phured, and  rubbed  with  olive-oil. 

Catgut  is  used  for  violin  and  harp  strings,  as 
whip-cord,  bow-strings,  clock-cords,  lathe-cords, 
etc. 

Other  guts  are  used  for  coarse  purposes.     Horse 

gits  are  split  into  four,  cleaned,  twisted,  etc.,  for 
the-bands. 

Strong  catgut  is  made  of  a  number  of  strips  of  gut 
twisted  togetner.  By  another  process  the  clean  gut 
is  bhwrif  dried  in  the  open  air  or  under  sheds,  and 
then  compressed,  moistened,  sulphured,  and  twisted. 

Cath'a-rine-^^heeL  {Pyrotechnics. )  A  form  of 
firework  having  a  spiral  tube  which  rotates  as  the 
fire  issues  from  the  aperture.     A  pin-wheel. 

Cat-harp^ing.  {NatUical.)  One  of  the  ropes 
by  which  the  shrouds  are  drawn  towards  the  mast 
below  the  tops,  to  allow  the  yards  to  swing  clear 
when  close-hauled.  .  ^ 

Iron  cramps  are  now  usually  employed,  stiU, 
however,  retaining  the  name. 

Cathead.  {Shipbtiilding.)  a.  An  inclined  timber 
projecting  from  the  bow  of  a  ship,  forming  a  crane- 
arm  from  which  the  boiver  anchor  is  suspended  when 
raised  from  the  water. 

The  tackle  used  in  Hauling-up  is  called  the  cai- 
fall,  and  is  hooked  to  the  ring  of  the  anchor. 

In  preparing  to  Id-go,  the  anchor  is  suspended 
from  tne  cat-head  by  means  of  a  rope  called  tne  ccU- 
head  stopper.    See  Anchor-trippeh. 

The  inner  end  of  the  cat-head  is  made  fast  to  a 
beam  or  frame,  and  is  termed  the  cat's  tail. 

The  sheaves  for  the  cat-fall  run  in  mortises  in  or 
near  the  outer  end  of  the  cat-head. 

b.  {Minina.)    A  miner's  name  for  a  small  capstan. 

Cat-head  Btop'per.  {Nautical.)  The  rope  or 
chain  by  which  the  ring  of  an  anchor  is  secured  to 
the  cat-head.  A  device  for  casting  it  loose  and 
thereby  freeing  the  anchor  is  an  AnchOR-tripper 
(which  see). 

Cath'e-ter.  A  tube  which  is  introduced  through 
the  urethra,  to  evacuate  the  contents  of  the  bladder. 

They  are  specifically  adapted  (a,  b)  for  male  and 
female  patients. 

Some  are  adapted  for  the  introduction  of  caustic, 
constituting  a  porte-caustic. 

Catheters  are  also  employed  to  enter  the  canal 
which  connects  a  cavity  m  the  ear  with  the  back 
part  of  the  mouth,  and  called  the  Eustachian  tube, 
after  its  discoverer,  a  learned  Italian  physician  who 
died  at  Rome,  1574. 

A  double  catheter  (e)  is  one  whose  outer  tube  has 
a  long  eye  and  an  inner  tube  of  smaller  size,  which 
discharses  about  the  middle  of  the  length  of  the 
eye  of  the  larger  one.     If  water  be  injected  through 


Fig.  1190. 
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Catheten. 

the  inner  tube,  it  enters  the  cavity  of  the  uterus  or 
bladder,  as  the  case  may  be,  and  passes  out  through 
•the  outer  canal. 

d  is  Sims's  sigmoid  catheter  of  hard  rubber. 

Male  and  female  catheters  are  described  particu- 
larly by  Celsus,  first  century  A.  d.,  and  have  been 
disinterred  at  Pompeii.  One  is  of  the  modem 
sigmoid  form ;  and  one  is  shorter,  and  has  a  single 
curve. 

Cath'e-tar-gage.  A  plate  with  perforations  of 
a  graduated  size,  forming  measures  for  diametric 
sizes  of  catheters.  • 

Cath'e-tom'e-ter.  From  Greek  words  meaning 
a  measurer  of  vertical  hight.  A  telescopic  level- 
ing-apparatus  which  slides  up  and  down  a  perpen- 
dicular, graduated,  metallic  standard.  As  the 
column  of  liquid  rises  or  falls  in  the  tube,  the 
telescope  partakes  of  the  motion,  and  the  differences 
of  hight  are  shown  on  the  graduated  standard. 

Cath'ode.  That  pole  of  the  battery  by  which  the 
electricity  passes  out  of  the  substance  undergoing 
decomposition.  The  negative  or  —  (minus)  pole. 
(Professor  Faraday's  terra.) 

Cat-^ole.  {Shipbuilding.)  One  of  the  holes 
above  the  gun-room  ports,  for  passing  out  a  hawser. 

Cat-hook.  {NatUical.)  A  lai^  hook  on  the 
cat-block,  for  attaching  to  the  ring  of  Ihe  anchor  in 
catting. 

Ca-top'tar.    A  reflecting  optical  instrument. 

Ca^top'tiio  Cia'tu-la.  A  box  with  several  sides, 
lined  with  looking-glasses,  so  as  to  multiply  images 
of  any  object  placed  in  the  box. 

Ca-top'tric  Di'aL  A  dial  which  shows  the  hour 
by  means  of  a  piece  of  looking-glass,  ac^usted  to  re- 
flect the  solar  rays  upward  to  Uie  ceiling  of  a  room 
on  which  the  hour-lines  are  delineated.  A  rffleeting- 
dial. 

Ca-top'tric  Ziikht.  A  mirror,  or  series  of  con- 
cave mirrors,  preferably  parabolic,  by  which  the 
ravs  from  one  or  more  lamps  are  reflected  in  a  paral- 
lel beam,  so  as  to  render  tne  light  visible  at  a  great 
distance. 

This  was  the  arrangement  universally  employed  in 
lighthouses  previous  to  the  Invention  of  the  Fresnel 
lens.    See  Dioptric  Light  ;  Lighthouse. 

Catoptric  lights  are  susceptible  of  nine  separate  dis- 
tinctions, which  are  called  fixed,  revolving  trAite, 
revolving  red  and  white,  revolving  red  with  two  whites, 
revolmng  white  with  two  reds,  jUuhing,  intermittent, 
double  fixed  lights,  and  double  revolving  white  lights. 

The  illustration  shows  a  revolving  apparatus  on 
the  catoptric  principle.  The  upper  figure  is  a  side 
elevation  ;  the  lower  figure  a  horizontal  section. 
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n  H  shows  the  reflector-frame  or  chandelier ;  o  o 
the  reflectors  with  their  oil-fountains  p  p.  The 
whole  is  attached  to  the  revolving  axis  or  shaft  q. 
The  copper  tubes  r  r  convey,  the  smoke  from  the 
lamps ;  9  9  are  cross-bars  which  support  the  shaft  at 
tt;  uuiaa,  copper  pan*  for  receiving  any  moutture 
which  may  accidentally  enter  at  the  central  ventila- 
tor in  Uie  roof  of  the  light-room  ;  Z  is  a  cast-iron 
bracket,  supporting  the  cup  in  which  the  pivot  of 

Fig.  1191. 


Catopirie  Light. 

the  shaft  turns  ;  m  m  are  beveled  wheels,  which  con- 
vey motion  from  the  machine  to  the  shaft.  The  ma- 
chinery does  not  require  any  particular  notice,  being 
that  of  common  clock-work,  moved  by  the  descent 
of  a  weight. 

The  horizontal  sectional  view  shows  a  plan  of  one 
tier  of  reflectors  arranged  in  the  manner  employed 
in  a  fixed  catoptric  light ;  n  n  shows  the  chandelier, 
q  the  fixed  shaft  in  the  center  which  supports  the 
whoje,  0  0  the  reflectors,  and  p  p  the  fountains  of 
their  lamps.  In  this  figure  (in  order  to  prevent  con- 
fusion) only  one  tier  of  i-eflectors  is  shown ;  the  other 
tiers  arc  so  arranged  that  their  axes  divide  into 


enual  angles  the  ai-cs  intercepted  between  the  axes 
or  the  adjoining  reflectors  on  the  first  tier,  thereby 
pix)ducing  the  nearest  approach  to  an  equal  distri- 
bution of  the  light  which  is  attainable  by  this  ar* 
rani^ement. 

Cat-rake.    A  name  for  a  ratchet-drill. 

Cat^s'paiKr.  {Nautical.)  A  hitch  in  a  rope  for 
the  attacliment  of  a  tackle. 

Cat-«hip.  A  ship  on  the  Norwegian  model,  hav- 
ing a  narrow  stem,  projecting  quarters,  and  a  deep 
waist. 

Cat-taokle.  (Nautical.)  A  tackle  to  raise  the 
anchor  to  the  cat-head. 

Cat'tle-^eed'er.  An  arrangement  in  a  cattle- 
stable  for  supplying  the  feed  in  regulated  quantities 
to  the  rack  or  manger. 

Cat'tLe-goard.  (EaUtcay  Engineering.)  A  ditch 
alongside  a  public  road,  and  crossing  beneath  the 
railroad  way,  to  prevent  the  straying  of  cattle  on 
to  the  track. 

Cat'Ue-lead'er.  A  nose-ring  or  gripper  for  the 
septum  of  the  nose,  whereby  dangerous  cattle  may 
be  fastened  or  led. 

Cat/Ue-mark'lng  Bheani.  A  kind  of  scissors 
adapted  for  making  marks  on  cattle  by  cutting  off 
the  hairs  in  such  lines  as  to  form  letters  or  figures 
constituting  initials  or  private  marks  of  the  propri- 
etors. 

Also,  scissors  adapted  for  cutting  slits  or  notches 
in  the  ears  of  cattle,  sheep,  or  hogs,  as  a  means  of 
identification,  familiarly  known  as  ear-marks.  The 
shears  has  sometimes  a  punch  attached  for  making 
holes  in  the  ears,  for  the  same  purpose.  Time  was 
when  they  marked  men  so. 

In  all  pasturing  countries  some  means  are  neces- 
sary for  the  identification  of  cattle  running  at  lan;e. 
On  the  tombs  of  ancient  i^pt  we  see  the  cattle  be- 
ing branded.  This  is  yet  the  practice  in  Texas,  South 
America^  and  elsewhere.  The  swans  in  the  Thames 
are  marked  by  nicks  on  their  bills.  Sir  John  Perrot 
(in  1584)  ordered  the  Irish  to  mark  all  their  cattle 
with  pitch  or  ear-marks,  on  pain  of  forfeiture. 

CaVUe-pump.  A  pump  which  is  operated  by 
the  cattle  coming  to  drink,  either  by  their  weight 
upon  a  platform  or  by  pressing  against  a  bar  which 

Fig.  1192. 
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chamber  B,  dischai^ing  water 
at  the  spout  d.     When  the  animal  leaves  the  plat- 
form, the  weight  /helps  the  descent  of  the  bottom- 
board,  and  the  water  passes  upward  through  valve  u. 

Cat/tle-«taIL    A  means  for  fastening  cattle  at 
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their  mangers  or  racks,  other  than  by  halter  or  tie. 
It  usually  consists  of  a  pair  of  parallel  vertical 
stajichions,  at  such  distance  apart  as  to  admit  the 
neck  of  the  animal.  One  stanchion  is  movable,  to 
allow  the  head  of  the  animal  to  pass,  and  is  then 
retraced  and  held  by  a  latch  or  pin. 

The  improvements  in*  cattle-stalls  refer  to  the 
floors,  divisions,  mangers,  racks,  troughs,  feeding 
devices,  ties ;  also  to  devices  to  prevent  crib-biting, 
for  slinging  sick  or  refractory  animals,  preventing 
kicking. 

Tlie  feeders  are  made  in  various  ways  :  Opening 
automatically  at  regulated  periods  ;  closing,  to  pre- 
vent access  in  the  intervals  of  feeding;  arrange- 
ments for  deposition  in  the  manger  of  regulated 
quantities  of  feed  at  ceitain  times. 

Caf  tie-tie.  A  fastening  for  securing  cattle  at 
the  rack  or  manger.  The  varieties  are  numerous. 
Some  refer  to  means  for  releasing  all  the  animals 
simultaneousl^y  in  case  of  fire. 

Different  kinds  of  fastenings  for  the  rope,  halter, 
or  collar-strap,  by  which  the  animal  is  secured ; 
such  are  loops,  snap-hooks,  euphroes. 

Means  for  taking  up  the  slack  of  the  halter-rope, 
to  prevent  the  animal  becoming  tangled  in  it  and 
being  thrown  ;  such  are  falling  weights  and  springs. 
Means  for  fastening  the  hitching  end  of  the  rope 
to  the  manger,  stall,  post,  or  stanchion ;  such  are 
hooks,  rings,  clamping-cams,  latches,  etc. 

Other  similar  devices  may  be  found  under  Hitch- 
ing ;  Halter  ;  Tether. 
Caf  tj.    The  bill-hook  or  machete  of  Ceylon. 
Caul    1.  A  chest  with  holes  to  keep  fish  alive 
in  the  water. 

2.  A  lai^  basket,  used  for  raising  coals  from  the 
bottom  of  a  mine.     A  corife. 
Cank'ing.    {Joinery.)     A  dovetail,  tenon,  and 
mortise-joint  by  which  cross- 
Fig.  1198.  timbers  are  secured  together. 
It  is  used  for  fitting  dovm  tie- 
beams  or  other  timbers  upon 
wall-plates. 

Caul.  A  heated  board  used 
in  laying  down  large  veneers. 
Its  heat  keeps  up  the  fluidity 
of  the  glue  until  all  that  is 
superfluous  has  been  pressed 
out  at  the  edges. 

CaimVer-3ode.   (Mining,) 
'  A  lode  which   inclines   at  a 
considerable  angle  to  the  other 
Otidb'iiir.  contiguous  veins. 

Canse'way.  {Oivil  Engi- 
neering.) A  road  across  a  marsh  or  water,  supported 
by  an  embankment  or  by  a  retaining  wall.  In  con- 
tradistinction to  a  viaduct,  which  is  supported  by 
trestle-work,  or  by  arches  or  trusses  resting  on  piers. 
See  Embankment. 

Caus'son.  A  nose-band  or  ttoiUh  for  breaking 
horses.  See  Cavesson  ;  Barnacles. 
Cau'ter.  A  searing-iron. 
Burning  with  a  red-not  iron  was  practiced  by  the 
Libyans,  m  the  time  of  Herodotus  (450  b.  c),  as  a 
cure  for  salt-rheum.  The  practice  is  still  in  vogue 
there.  Cautery,  we  learn  from  Denham,  is  "the 
sovereign  Arab  remedy  for  almost  every  disorder." 
We  read  of  it  in  Hippocrates.  Layard  noticed  the 
use  in  Mesopotamia;  Burton  among  the  Egyp- 
tians.    • 

The  caviery  was  a  favorite  sui^cal  instrument  with 
ancient  chirui^geons.  One  of  iron,  shaped  like  a 
spade,  was  found  by  Dr.  Savenko,  of  St.  Petersbui^, 
1819,  in  the  house  of  a  Roman  sui^geon  in  the  Via 
Consularis,  Pompeii. 


The  cauter  is  used  by  farriers  in  veterinary  oiiera- 
tions. 

Cau'thee.  (Fahric.)  A  coarse  East  India  cot- 
ton cloth. 

Cau'ting-i'roii.    A  searing-iron.    See  Cautkr. 

Cav'a-lier^  (FortifiaUion.)  An  elevated  work 
on  the  terreplein  of  a  bastion  serving  to  command 
the  work  or  some  other  position,  and  also  serving  as 
a  traverse  to  protect  the  neighboring  curtains  from 
enfilade  fire. 

Cav'a-lot'.    A  cannon  carrying  a  ball  of  1  pound. 

CaTe.    The  ash-pit  of  a  glass  furnace. 

Cav'es-eoii.'  A  nose-band  for  break  ing-in  horses. 
Otherwise  spelt  caussoti,  cavezon.  It  resembles  the 
tiDttch  or  barnacles,  being  a  grip  by  which  the  nose 
is  wrung  and  twisted,  to  subdue  the  refractory  spirit 
of  the  animal. 

Ca-Tefto.  (Architecture.)  A  form  of  hollow 
molding  whose  profile  is  the  quadrant  of  a  circle. 
See  Molding  ;  Scotia. 

A  rampant  cavetto  is  perpendicular. 

CaT'iL  1.  (Nautical.)  A  large  cleat.  See 
Kevel. 

2.  aA.  small  stone  axe  with  a  flat  face  and  a  pointed 
peen.     Resembles  a.  jedding-fixe. 

CaVin.  (FortifiaUion.)  A  hollow  way  horn  a 
protected  approach  to  a  defended  work. 

Cav'iiig-^ake.  A  rake  for  separating  the  chaff 
(Eng.  cavings)  from  grain,  when  spread  on  the  bam- 
floor. 

Cax'oii.  (Metallurgy.)  A  chest  of  ores,  cal- 
cined, ground,  and  washed,  ready  for  the  refining- 
fumace.  From  the  Spanish  eaxon,  eajon,  a  lai^ 
chest. 

Ca'so.  (Metallurgy.)  A  vessel  with  a  copper 
bottom  in  which  ores  of  silver  are  treated  in  the  hot 
process. 

Ceo'o-graph.  The  French  writing-apparatus  for 
the  b^nd.     A  chiragon.  • 

Ceil'ing.  1.  (Architecture.)  The  upper  surface 
of  a  room. 

Plane  ceilings  are  flat. 

Downed,  cylindric,  or  groined  are  terms  which  ex- 
plain themselves. 

Coved  ceiling  has  a  hollctw  of  about  a  quarter-cir- 
cle running  round  the  room,  situated  above  the  cor- 
nice and  dying  into  the  flat  central  portion. 

Coffer-work  ceiling  is  arched,  and  nas  ornamental, 
panels  separated  by  belts. 

Oothic  ceilings  have  groined  work  with  spandrel 
framing  and  paneling ;  the  framing  of  the  roof  is 
exposed. 

Sunk-panel  ceiling^  has  recessed  compartments, 
with  roses  in  the  middle  and  bolection-moldings 
around  them. 

Oamp  ceiling  has  the  mai^ginal  portion  slanting, 
following  the  slope  of  the  rafters,  while  the  middle 
portion  is  flat. 

fig.  1194. 


Fire-Pnqf  CeHin^. 
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Firt'pnof  ceilings  are  of  incombustible  materials 
B  supported  on  iron  joists  A^  as  in  Fig.  1194. 

2.  (ShipbitildiTig.)  That  portion  of  the  inside 
skin  of  a  vessel  between  the  deck-beams  and  the 
limber-strtikes  on  each  side  of  the  keelson.  Also  called 
the /dot'Waling.  The  strakes  of  the  ceiling  immedi- 
ately below  the  shelf-pieces  which  support  the  deck- 
beams  are  called  clatnps.  The  outside  planking  is 
distinctively  called  the  skifu 

Cail'tog-joist.  (Building,)  One  of  the  joists 
spiked  to  a  binder,  and  serving  as  a  point  of  attach- 
ment for  the  plastering  laths  of  the  ceiling. 

Cel'a-ttire.  The  art  of  engraving,  diasing,  or 
embossing  metals. 

CeU.  1:  {Arehitedure,)  a.  The  space  between 
two  ribs  of  a  vault. 

b.  The  space  inclosed  within  the  waUs  of  an  an- 
cient temple. 

2.  (EUctricUy,)  A  single  jar,  bath,  or  division 
of  a  compound  vessel,  containing  a  couple  of  plates, 
—  say  copper  and  zinc,  —  united  to  their  opposites 
or  to  eacn  other,  usually  by  a  wire.  See  Galvanic 
Battery. 

8^  An  underground  room  for  storage. 

4.  A  small  room  for  a  prisoner. 

5.  A  structure  in  a  wrought-iron  beam  or  girder  ; 

a  tube  consisting 
Wg'  1196'  of  four  wrought- 

iron  plates  rivet- 
ed to  angle-iron 
at  the  comers. 
See  Angle-iron. 
Cell-door 
Look.  A  prison- 
door  lock,  to 
whose  bolt  no 
access  is  possible 
from  the  inside, 
and  which  may 
fit,  as  in  the  ex- 
ample, in  a  rabbet 
in  the  door-jamb. 
The  secondary 
bolt  is  supported 
in  the  inclosing 
shell  by  brackets, 
and  is  connected 
to  the  main  work- 
ing parts  of  the 
lock  by  brace- 
bars,  80  that  the 
key  gives  it  a 
movement  par- 
allel •  with  that 
of  the  common 
bolt.  The  in- 
closing case  has 
a  hinged,  right-angled  cover,  the  inner  fastening  of 
which  is  covered  by  the  door  when  closed. 

Celt.  The  stone  hammer  or  axe  of  a  bygone  age. 
Afterwards  made  of  bronze.  See  Hammer  ;  Hatchet. 
Ce*menf.  1.  A  uniting  composition  which  is 
plastic  when  applied,  but  hardens  in  place.  The  in- 
gredients and  character  vary  with  the  place,  purpose, 
materials  to  be  united,  and  the  expoemre. 

Alabaster,  a.  Plaster-of-paris,  1 ;  yellow  resin, 
2 ;  mix  and  apply  hot,  warming  the  faces  of  the 
fracture  or  joint. 

b.  Sulphur  or  shellac,  melted  with  plaster-of- 
paris.     Simple  plaster-of-paris. 

Architectural.      Paper  pulp,  sifted  whiting, 
and  size.     This  is  a  sort  of  papier-mach^  and  must 
be  varnished  or  painted  if  ex)K>sed  to  the  weather. 
Armenian.    See  Jeweler's,  d. 


CM'DoorLodk, 


Bottle.  Rosin,  4 ;  tallow  or  suet,  1  ;  melt  to* 
gether  and  stir  in  the  required  coloring-matter,  — 
whiting,  ochre,  or  ivory-black.     Use  hot. 

Chemical.    See  Glass. 

Chinese,  a.  Shellac,  1  ;  alcohol,  2 ;  digest  in 
a  corked  bottle  in  warm  water. 

b.  Borax,  1  ;  water,  12  ;  shellac,  3 ;  evaporate 
to  the  required  consistence. 

Copper.  (To  lay  upon  the  rivets  and  lapping 
edges  of  copper- sheets. )  Powdered  quicklime,  ouC 
lock's  blood. 

Cutler's.  (For  fixing  knives  in  handles.)  Black 
rosin,  4  ;  beeswax,  1  ;  brick -dust,^  1. 

Dextrine.    Torrefied  starch. 

Diamond.    See  Jeweler's,  d. 

Earthenware,  a,  (Coarse.)  Yellow  rosin  and 
brick-dust  melted  together. 

b.  (Finer  ;  for  certain  purpose.)    Brimstone. 

c  Grated  cheese,  2  ;  quicklime,  1  ;  white  of  egg 
sufficient  to  form  a  paste. 

d.  White  of  egg  and  quicklime. 

e.  Dried  and  ground  milk-curds  triturated  with 
ten  per  cent  of  powdered  quicklime.  Keep  from  the 
air,  mix  with  water  for  use,  and  apply  immediately. 

Elastic.  Caoutchouc  dissolved  in  chloroform, 
with  or  without  powdered  gum-mastic. 

Electric  Apparatus.  Beeswax,  1  lb.  ;  rosin,  5 
lbs.  ;  red  ochre,  1  lb, ;  plaster-of-paris,  2  oz. 

Fire-proof.  Fine  river-sand,  20  ;  litharge,  2  ; 
quicklime,  1 ;  linseed-oil  to  form  a  paste.  Applied 
to  walls,  it  becomes  stony-hard. 

Gas-fitting.     Rosin  and  brick-dust. 

Glass,  a.  Dissolve  gum-mastic,  1  ounce,  in  al- 
cohol ;  soak  1  ounce  of  isinglass  in  water  ;  add  alco- 
hol to  dissolve  it  to  a  strong  glue,  and  add  J  ounce 
of  sal-ammoniac.  Put  the  two  solutions  into  a  {>ip- 
kin ;  heat,  and  stir.  Put  in  a  stoppered  vial, 
and  warm  in  a  water-bath  when  about  to  use  it. 

b,  (For  chemical  glacises. )  Flour,  1  ounce  ;  pulv. 
glass,  1  ounce  ;  pulv.  chalk,  1  ounce ;  fine  brick- 
dust,  i  ounce  ;  scraped  lint ;  white  of  egg.  Spread  on 
a  linen  cloth,  and  apply  to  the  crack  of  the  glass. 

c.  (For  a  temporary  stopping  or  lute.)  YeUow 
wax,  4  ;  turpentine,  2 ;  Venetian -red,  1. 

d.  White  of  egg  and  quicklime.  It  does  not  long 
resist  moisture  tmiess  exposed  to  the  heat. 

e,  (For  lens-grinders,  etc.)  Melt  together,  pitch, 
5  ;  wood-ashes,  1  ;  haid  tallow,  1. 

Or,  Black  rosin,  4 ;  beeswax,  1 ;  heated  whiting,  18. 

Or,  Shellac,  mdted. 

Or,  Rosin  and  plaster-of-paris. 

/.  To  unite  lenses,  Canada  balsam. 

g.  (To  attach  metallic  letters  to  plate-glass  win- 
dows.) Copal  varnish,  16  ;  drying-oil,  6 ;  turpen- 
tine (Venice),  8 ;  oil  of  turpentine,  3 ;  liquified  glue, 
5  ;  melt,  and  add  quicklime,  in  powder,  10. 

h,  rFor  necks  of  Dottles.)  Linseed-meal  in  boiled 
oil.     rarafiine. 

Glue.  a.  A  strong  glue,  sold  as  a  cement,  mav 
be  made  by  infusing  glue  and  isinglass  in  alcohol, 
heat  gently,  and  add  powdered  chalk. 

b.  Ure's  glue  (dissolved),  8;  linseed-oil,  boiled 
to  varnish  with  litharge,  4. 

c.  Dissolved  glue,  4 ;  Venice  turpentine,  1. 

d.  (Waterproof.)  Dissolve  isinglass,  2  ounces,  in 
a  pint  of  milk,  and  boil  to  a  consistence. 

e.  Glue  swelled  in  cold  water  and  digested  in 
linseed-oil  is  tenacious,  and  acquires  the  quality  of 
resisting  moisture.     Red  lead  may  be  added. 

/.  Marine  glue  ;  shellac  and  caoutchouc  dissolved 
in  separate  portions  of  naphtha,  and  mixed. 

g.  Spalding's  liquid  glue  ;  glue  and  acetic  acid. 

Granite.  Gum-dammar,  marble-dust,  felspar. 
The  mineral  ingredients  are  reduced  to  an  impaipa- 
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ble  powder,  and  the  mass  is  incorporated  by  gradnal 
heating.  It  is  applied  warm  to  the  warmed  faces 
of  the  fractured  portions.  The  black  felspar  is  pref- 
erably used,  to  prevent  the  detection  of  the  joint. 

Hard.  a.  Dried  and  pulverized  clay,  8 ;  clean 
iron-filings,  i  ;  peroxyde  of  manganese,  2  ;  sea-salt, 
1  ;  borax,  1.  Triturate,  reduce  to  paste  with  water, 
use  immediately  ;  heat  after  using. 

b.  Peroxyde  manganese,  zinc-white,  silicate  of 
soda,  to  form  a  paste. 

Hydraulic,  a.  The  ancient  hydraulic  cement 
is  the  pozzuolana,  a  volcanic  earth  obtained  near 
Baise,  in  Italy.    See  Pozzuolana. 

b.  Hydraulic  mortar  or  cement  is  made  from  ar- 
gillaceous limestones,  the  presence  of  the  alumina  con- 
erring  the  power  of  haitlening  under  water.  Hy- 
draulic limes  were  known  to  and  understood  by  the 
Bomans.  Attention  was  directed  to  the  subject  by 
Smeaton,  when  he  experimented  for  a  cement  capa- 
ble of  hardening  under  water,  in  order  to  form  nis 
foundation  courses  for  the  Eddystone  lighthouse. 

c.  The  French  cement  made  at  Mendon,  near 
Paris,  is  made  of  chalk  4  parts,  clay  1  part,  ground 
in  water,  settled,  molded,  dried,  and  calcined. 

d.  The  Portland  cement  of  England  is  made  of 
chalk  and  clay  from  the  valley  of  the  Medway.  The 
septaria  and  lias  rocks  also  yield  an  hydraulic  cement. 

Artificial  pozzuolana  is  also  made  from  lime  and 
clay. 

e.  Gad's  patent  (English) ;  dried  clay  in  powder, 
8  ;  oxide  of  iron,  1.  Make  into  a  paste  with  boiled 
oil.     Will  harden  under  water. 

/.  Mix  clay,  broken  pottery,  flint  and  bottle  glass, 
into  a  frit ;  grind,  sift,  and  mix  with  one  third  its 
weight  of  quicklime  ;  keep  from  the  air.  In  using, 
mix  into  a  mortar,  and  applv  like  pozzuolana. 

Iron.  a.  (For  stfam-boilers,  cracked  ovens,  etc.) 
Litharge,  2 ;  fine  sand,  1 ;  slaked  lime,  1.  Mix, 
and  keep  dry. 

b.  Iron-borings,  powdered  earthenware,  pipe-clay, 
salt,  water.* 

e.  Steam  and  water  tight  joints,  in  permanent 
cast-iron  works,  are  made  by  an  iron  cement  com- 
pounded as  follows :  Cast-iron  filings  or  borings, 
112 ;  sal-ammoniac,  1 ;  sulphur,  1 ,  whitening,  4. 

Small  quantities  are  mixed  with  a  little  water 
just  before  using. 

For  minute  cracks  the  cement  is  laid  on  externally 
as  a  thin  seam.  For  larger  fissures  it  is  driven  in 
with  a  calking-iron.  The  edges  of  the  metal  and 
the  cement  are  involved  in  one  common  mass  of  rust, 
which  is  impermeable  to  steam  or  water. 

d.  Clean  iron-filings,  16 ;  sal-ammoniac,  8 ;  flour 
of  sulphur,  2.     Mix,  and  keep  stoppered. 

In  use,  take  1  part  of  the  mixture,  12  parts  of 
new  filings,  add  a  few  drops  of  sulphuric  acid,  and 
fill  the  crack  or  the  joint  which  requires  it. 

e.  Mix  boiled  linseed-oil,  lithar^,  red  and  white 
lead.  Apply  on  each  side  of  a  piece  of  flannel  or 
paper,  and  lay  the  same  between  two  pieces  before 
they  are  bolted  together. 

/.  (Forfire-joints  and  flues.)  Iron-filings,  sal-am- 
moniac, and  borax. 

Jewelers*.  (For  uniting  the  pieces  of  a  broken 
gem.)-  a.  Warm  the  parts,  and  place  gum-mastic 
between 'them.  It  will  melt  by  tne  heat,  and  will 
be  scarcely  observable. 

b.  (For  temporarily  holding  a  glass,  set,  or  a  piece 
of  metal,  while  being  shaped  or  chased.)  Rosii7,  4  ; 
wax,  i  ;  whiting,  4.     Mix  and  heat. 

c.  Take  pitch,  rosin,  a  small  quantity  of  tallow,  and 
thicken  with  brick-dust.   Stir  in  a  pipkin  over  a  fire. 

d.  (Armenian  cement  for  uniting  metals.)  Dissolve 
gum-mastic   in    alcohol   and   isinglass   (previously 


softened  in  water)  in  brandy,  adding  a  little  gum- 
galbanum,  or  gum-ammoniac,  previously  rubbed 
fine.  Mix  under  heat ;  keep  in  stoppered  vial, 
which  is  placed  in  hot  water  when  the  cement  is  to 
be  used.     This  is  diamond  cement. 

The  Armenian  artificers  set  the  jewel  in  a  metallic 
setting  whose  lower  surface  corresponds  to  the  shape 
of  the  article  on  which  it  is  to  be  placed.  The  two 
are  then  iinited  by  the  cement. 

Leather.  (For  leather  and  cloth.)  a.  Grutta- 
percha,  8 ;  caoutchouc,  1  ;  digested  in  bi-sulphuret 
of  carbon,  8. 

b.  Gutta-percha,  16 ;  caoutchouc,  4 ;  pitch,  2 ; 
shellac,  1 ;  linseed-oil,  2.    * 

Marble.  Plaster-of-paris  steeped  in  a  saturated 
solution  of  alum  and  re-calcined.  Mix  with  water, 
and  apply  as  plaster-of-paris.  This  cement  or  stucco 
is  susceptible  of  a  high  polish,  and  may  be  colored 
to  imi^te  marbles. 

See  also  Stone  ;  Granite  ;  infra. 

Mastic  (Bottger's).  Sand,  limestone'in  powder, 
litharge,  combined,  100  parts ;  boiled  linseed-oil,  7 
parts.  Mix.  Similar  to  Loriat's  French  mastic, 
invented  1750. 

Mortar,  a.  Sharp,  clean  siand,  8 ;  freshly 
slacked  lime,  1.  See  Beton  ;  Stone,  artificial  ; 
Mortar. 

b.  Parker's  cement^  known  as  Roman,  patented  in 
England  in  1796,  is  made  by  adding  a  quantity  of 
calcined  and  powdered  alliaceous  stone  to  the 
usual  constituents  of  mortar,  namely,  sharp  sand, 
lime,  and  water. 

Cements  from  sulphate  of  lime  :  — 

e,  Keene*8  cement  is  made  fW>m  plaster-of-paris 
mixed  with  a  saturated  solution  of^  alum,  dried, 
baked,  powdered,  and  sifted. 

d.  Parian  cemeTU,  same  as  above,  ^vith  the  sub- 
stitution of  borax  for  alum: 

e.  Martin's  cement,  same  as  above,  with  the  ad- 
dition of  pearl-ash  to  the  alum. 

/.  Stucco  is  a  combination  of  plaster-of-paris  with 
gelatine  solution. 

g,  Scagliola  is  made  of  plaster-of-paris  powdered, 
mixed  into  a  paste  with  alam,  isinglass,  and  coloring 
matter,  and  is  incorporated  with  fragments  of  marble. 

Opticians*.     See  Glass. 

Paper,    a.  Rice  digested  in  water,  applied  hot. 

b.  Flour  paste.  A  little  {Mwdered  alum  is  said 
to  improve  its  quality,  and  a  little  corrosive-sub- 
limate or  creosote  to  prevent  its  becoming  moldy. 

c  Mucilage  of  gum-arabic,  thickened  with  starch. 
Used  by  French  makers  of  artificial  flowers  and 
ornamental  boxes.  Also  by  naturalists  in  mounting 
specimens.  • 

d.  Sealing-wax. 

e,  •{  For  postage  stamps.)    Dextrine  and  size. 
Photooraprer's.     Dextrine,  paste,  and  glite. 
Plumbers*.    Rosin  and    brick-dust  melted   to* 

gether. 

Roman.    See  Mortar,  b;  mpra, 

Seal-Enorayerb*.  Rosin  and  bnck-dust  Melted 
together,  and  used  to  temporarily  fasten  an  object  to 
a  chuck  while  engraving  or  chasing. 

Slate.  (For  the  joints  of  slate-work  on  roofe  or 
in  tanks.)  Boiled  linseed-oil,  white  lead,  chalk,  in- 
timately compounded,  and  used  in  a  fluid  condition. 

Stone.  Fine  sand,  20  ;  lithaige,  2 ;  quick-lime, 
1  ;  linseed-oil  to  form  a  paste. 

SeQ  also  cements,  alabaster,  glass,  earthen,  gran- 
ite, diamond,  Armenian,  Chinese,  etc.,  mtpra. 

Stove.  (For  cracks  in  stovesand  other  iron-ware.) 
Finely  pulverized  binoxide  of  manganese,  mixed 
with  a  strong  solution  of  silicate  of  soda,*  to  form  a 
thick  paste.     Fill  the  crack,  and  heat  slowly. 
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Another :  Dry  clay,  4  ;  borax,  in  solution,  1. 

Turner's.  (For  chucking  articles.)  Rosin  and 
brick-dust,  melted  together. 

Waterproof,  a,  (For  covering  of  buntfs,  etc.) 
India-rubber  (digested),  beeswax,  tallow,  and  quick- 
lime. 

b.  (Forjoiningrubbergoods.)  Caoutchouc  in  naph- 
tha or  turpentine. 

Wood.  1.  a.  (For  attaching  a  piece  of  wood  to  a 
chuck  for  tui^iing,  and  for  other  purposes.)  Rosin, 
1  pound  ;  pitcli,  1  ounces  ;  brick-dust  or  red  ochre, 
to  give  consistence  ;  add  tallow  in  winter. 

h.  Shellac,  1 ;  alcohol,  2.  Digest  in  a  corked 
bottle,  in  warm  water. 

2.  (Mining.)  The  gravel  cemented  by  clay,  which 
lies  next  to  the  bed-rock  of  the  ancient  stream,  but 
is  now  buried  beneath  a  mass  of  lava  and  gravel-drift, 
sometimes  many  hundreds  of  feet  in  depth.  This 
,  auriferous  stratum  is  reached  by  timbering,  draining, 
and  hoisting,  as  in  other  unaevground  operations, 
or  the  overlying  deposits  by  hydratUic  mining, 
which  consists  in  washing  away  the  superincumbent 
mass.  This  system  is  principally  practiced  in  Sierra 
Nevada  and  Placer  (jounties,  California.  The  ce- 
ment of  these  "deep  placera"  is  prushed  by  stamps, 
and  the  free  gold  collected  by  sluices  or  other  means. 
See  Professor  Raymond's  ''Mines,  Mills,  and  Fur- 
naces." 

8.  {AfetaZlurgy.)  a.  The  brown  deposit  in  the 
precipitation  tank,  wherein  the  soluble  chloride  of 
gold,  obtained  by  the  chlorincUion  process,  is  depos- 
ited by  the  addition  of  sulphate  of  iron  to  the  solu- 
tion. 

b.  The  material  in  which  the  metal  is  imbedded 
in  the  Cementing. furnace  (which  see). 

Cem'en-ta'tioxL  [Metudlurgy,)  The  process  of 
infusing  a  solid  body  with  the  constituents  of  an- 
other body  in  which  it  is  buried,  by  the  application 
of  heat ;  as  the  conversion  of  iron  into  steel  by  add- 
ing to  it  a  certain  proportion  of  carbon.     See  Ce- 

MENTINO-FUUNACE. 

Ce-ment'ed-back    Car'pet     In  forming  ce- 

mented-back  carpet  a  number  of  warp-threads  a  a 

are  arranged  in  a  frame, 

Fig.  1196  and  are  brought  into 

a  convoluted  form  by 

means  of  metallic 

})lates  b  bf  which  are 
aid  strictly  parallel. 
The  under  side  of  the 
waqw  thus  doubled  or 
folded  are  theu  dressed 
to  raise  a  nap,  and  this 
surface  is  then  smeared  with  cement  and  oacked  by 
a  canvas  or  coarse  cloth.  When  dry,*  the  metal- 
lic strips  6  6  are  removed  by  cutting  the  loops, 
and  leaving  a  pile  surface,  as  in  the  Wilton  car- 
pets. 

Another  mode  is  to  wind  the  colored  yarns  around 
wires,  which  are  then  laid  parallel ;  one  surface  treated 
with  cement  and  backed  with  canvas  ;  the  other  cut 
like  a  Wilton  carpet  when  the  backing  is  dry. 

Another  mode  is  to  Ull  a  square  box  with  parallel 
yams  laid  according  to  a  design,  so  that  a  transverse 
section  across  the  yam  will  show  the  pattern.  The 
ends  of  the  box  being  open,  a  piston  is  introduced 
at  one  to  expel  the  yams  at  the  other.  At  the  dis- 
chai^-end,  the  surface,  being  cut  fair,  is  cemented, 
and  a  cloth  applied  to  it.  A  (quantity  of  the  yarn, 
equal  to  the  length  of  the  pile,  is  then  cut  off,  and  ad- 
heres to  the  backing.  The  surface  is  again  cemented, 
the  yam  protmded,  the  backing  applied,  the  pile 
cut  off,  and  so  on. 
Ce-ment'ing-fur'nace.    A  furnace   in    which 
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an  article  is  packed'  in  the  powder  of  another  sub- 
stance, and  tnerewith  subjected  to  a  continued  heat 
below  the  fusing-point.  The  article  is  changed  by 
a  chemical  reaction  with  the  powder. 

Bar-iron,  packed  in  charcocd  and  heated    in  a 
cementin^-fumace,    becomes 
steel,  the  iron  absorbing  some  ^Un- 1197. 

of  the  carbon. 

Cast-iron,  packed  in  pow- 
dered hematite  and  similarly 
heated,   becomes    malleable ; 
the  oxy^n  of  the  hematite  | 
absorbing  some  of  the  carbon  \ 
of  the  iron. 

The  troughs  C  are  so  sup-  Cementing-Fumaee, 
))orted  beneath  the  arch  Af  of 
the  furnace,  that  the  fire  has  free  access  to  their 
whole  exterior  surfaces.  The  bar-ii-on  is  imbedded 
in  charcoal  in  the  troughs  C,  being  arranged  in  tiers 
with  interposed  layers  of  charcoal,  no  two  liars  being 
in  contact.  The  tops  of  the  ti-oughs  are  covered  in 
with  fire-tiles,  or  the  upper  layer  with  refractory 
sand,  and  the  heat  is  increased  for  several  days,  and 
then  maintained  for  a  |ieriod  depending  upon  the 
kind  of  steel  required.  The  finer  varieties  of  steel 
are  produced  by  a  prolonged  process,  and  the  bars  are 
sometimes  exposed  again  ana  again  to  the  process  of 
cementation. 

In  Fig.  1198  is  an  oven  for  converting  iron  into 
steel.  The  con- 
verting-chamber Fig.  1198. 
A  is  8unx)unded 
at  bottom  apd  on 
the  sides  by  the 
fire-spaces  H  S. 
The  mraaces  and 
grates  extend 
along  each  side 
of  the  base  of  the 
converting-cham- 
ber, and  from  end 
to  end  of  the 
oven,  leaving  an 
opening  at  each 
end  for  the  ad- 
mission of  fuel. 
A  longitudinal 
line  of  fare-brick 

Srevents  the 
raft  from 
passing  from  one 
furnace  to  the 
other.  Above 
the    boshes    the   , 

walls    are   made  Cenunting-Furnaee. 

to  incline  in- 
wards, in  order  to  confine  the  heat  more  closely  to 
the  sides  of  the  converting-chamber.  At  the  top 
the  spaces  communicate  with  the  interior  of  the 
converting-chamber  bv  means  of  holes,  which  are 
made  smaller  towards  the  center  of  the  chamber  than 
at  the  ends. 

Ce-ment'-milL  A  mill  for  grinding  the  septaria 
or  stony  concretions  from  which  cement  is  derived. 

The  machinery  is  driven  by  a  steam-engine,  shown 
to  the  left  in  the  illustration,  and  the  moti(Jn*  is  com- 
municated by  a  horizontal  through-shaft  to  all  the 
machinery  in  t)ie  mill.  The  operations  exhibited 
are  threefold.  The  cement-stone  is  cmshed  between 
a  pair  of  rollers  on  horizontal  shafts  beneath  the 
hopper  to  the  right  hand.  Falling  to  the  floor,  it 
is  elevated  to  tne  upper  stor^  and  dumped  into  a 
hopper,  f  i-om  whence  it  passes  into  the  eye  of  the  run- 
ner mill-stone  and  is  finely  pulverized.     The  stones 
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have  a  face  dressinff  like  those  for  grinding  grain, 
the  oblique  channels  being  laid  over  in  sections. 
From  the  mill  the  powder  passes  to  a  pair  of  sieves, 
which  receive  a  rapid  horizontal  reciprocation  by  a 

Fig.  1199. 


Cemeta-MiU 

rod  and  crank  attached  to  the  small  spur-wheel, 
which  is  turned  by  the  large  spur-wheel  on  the  spin- 
dle beneath  the  bed-stone. 

To  the  right  is  shown  a  mortar-mill,  which  con- 
sists of  an  edge-wheel  traveling  in  a  circular  bed, 
like  that  of  a  Chilian  ore-mill.  This  stone  has  an 
axle  which  projects  radially  from  a  vertical  post  which 
is  rotated  by  spur-gearing  from  the  main  norizontal 
shaft  of  the  mill.  A  scraper  on  the  stone  cleans 
the  face  of  the  edge-stone. 

Ce-menf -spread'er.  A  machine  for  coating  and 
saturating  felt  or  paper  with  liquid  cement,  for  roof- 
ing purposes.     The  cloth  or  paper  H  passes  under 

Fig.UOa 


Cement-Sjpreader, 

roller  /  and  over  the  roller  G  into  the  liquid-cement 
hopper  B^  and  passes  out  between  the  roller  and  the 
adjustable  gate  C,  which  gages  the  quantity  of  ce- 
ment which  passes  out  with  the  cloth. 

Cen'dr6e  de  Tour'nay.  A  hydraulic  cement  of 
aluminous  quicklime  and  coal-ashes. 

The  ashes  and  lime  from  the  bottom  of  the  kiln 
are  sifted,  to  remove  lumps.  The  dust  is  slacked  a 
bushel  at  a  time  till  the  mprtar-box  is  filled.  The  mor- 
tar is  then  well  incorporated  by  a  pestle  suspended 
at  the  end  of  an  elastic  pole.  It  is  then  partially 
dried,  again  beaten,  and  this  is  i-epeated  from  six  to 
ten  times,  no  more  water  being  added.  It  adheres 
very  firmly  to  bricks  or  stone,  and  hardens  under 
water. 

Center.  A  brazier  or  pan  for  burning  aromatic 
woods  and  spices. 

Cen'tar.  (Lathe. )  One  of  the  points  on  the  lathe- 


spindles  on  which  the  work  is  placed.  The  ./Voi«<  or 
li-oe  center  is  on  the  spindle  of  the  head-stock.  The 
back  or  dead  center  is  on  the  tail-stbck. 

The  centers  of  a  planer  are  on  stocks  temporarily 
attached  to  the  bed  of  the  planer,  so  that  the  object 
may  be  turned  on  its  axis  in  the  course  of  the  work 
thei^eon. 

Cen'ter-bit.  A  wood-boring  tool  which  has  a 
central  pivot  and  two  wings ;  one  of  these  is  a 
seriher  and  the  other  a  router.     See  Bit. 

Cen'ter-board.  (NautuxU.)  A  board  placed 
amidship  in  a  well 

wh  ich  extends  longi-  ^^'  ^^^ 

tudinally  and  ver- 
tically through  the 
keel,  and  is  adapted 
to  be  lowered  to 
give  a  deeper  draft, 
in  order  to  avoid 
lee-way  and  to  give 
the  vessel  greater 
stability  under  pivss 
of  canvas.  It  is  the 
old  Dutch  lee-board 
in  a  central  position. 
A  slidiiig-keel. 

Cen'ter-ohia'el. 
A  ch  isel  used  to  make 
a  dent  at  the  exact 
center,  to  form  a 
starting  -  point  for 
the  drill,  m  drilling 
holes  in  metal.  A 
pointed  cold-chisel. 

Cen'ter-chuok.  {Turning,)  A  chuck  which 
can  be  screwed  on  the  mandrel  of  a  lathe,  and  has  a 
hardened  steel  cone  or  center  iixed  in  it ;  also  a  pro- 
jecting arm  or  driver. 

Cen'ter  Dia-oliarge'-wheeL  A  fonn  of  tur- 
bine, in  which  the  water  is  admitted  from  a  chute  AT 

rig.  1202. 
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Center  JHseharge-Wheel. 

to  the  periphery  of  the  buckets  a  a,  passes  towards 
the  center  of  the  wheel,  and  thence  downward  around 
the  axis  D. 

Cen'ter-drllL  A  small  drill  used  for  making  a 
short  hole  in  the  ends  of  a  shaft  about  to  be  turned, 
for  the  entrance  of  the  lathe-centers. 

Cen'ter-fire  Car'trldge.  One  in  which  the  ful- 
minate occupies  an  axial  position,  instead  of  being 
around  the  periphery  of  the  flanged  capsule. 

In  the  illustration  the  fulminate  is  m  a  cap,  and 
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Fig.  1208. 


Center-Fire  Cartridge. 

is  struck  by  a  firing-pin  g,  when  the 
hammer  descends  upon  the  end  of  the 
bolt  D.    See  Cartridge. 

Cen'ter-gage.  A  g^e  for  showing 
the  angle  to  which  alathe-centershould 
be  turned,  and  also  for  accurately  giind- 
ingand  setting  screw-cutting  tools. 

The  annexed  cut  shows  the  tool,  and 
illustrates  its  Uijes. 

At  A  is  shown  the  manner  of  gagins 
the  angle  to  which  a  lathe-center  should 
be  turned.  At  B^  the  angle  to  which 
a  screw-thread  cutting-tool  should  be 
ground,  and  at  C,  the  correctness  of 
the  anffle  of  a  sci-ew-thread  already  cut. 

In  the  lower  figure,  the  shaft  with  a 
screw-thread  is  supposed  to  be  held  on 
the  center  of  a  lathe.  By  applying 
the  gage  as  shown  at  D  or  ^,  the 
thread-tool  can  be  set  at  right  apgles 
to  the  shaft,  and  then  fastened  in  place 
by  the  screw  in  the  tool-post,  thereby 
avoiding  imperfect  or  leaning  threads. 

In  the  right-hand  figure,  the  man- 
ner of  setting  the  tool  for  cutting  in- 
side threads  is  illustrated.     The  an- 
Sles  used  in  this  gage  are  sixty  degrees.     The 
ivisions  upon  the  gage  of  1 4,  20,  24,  and  32 

Fig.  1204. 


timber.  The  centering  is,  in  fact,  a  pattern,  in 
wood,  of  the  intrados  of  the  finished  arch,  and  is, 
in  large  structures,  such  as  first-class  stone  bridges, 
an  expensive  erection  of  itself,  requiring  a  large 
amount  of  scientific  knowledge  and  practical  skill  to 
thoroughly  fulfill  the  requir^  conditions. 

The  essential  features  of  a  centering  are  the  ribs 
which  span  the  space  between  the  piers  ;  the  boUters, 
or  boarding,  which  lie  transversely  and  support  the 
vousaoirs;  the  keys^  or  striking-plates,  beneath  the 
ribs,  which  are  struck  to  lower  the  centering  ;  and 

Fig.  1206. 
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to  the  inch  are  useful  in  measuring  the  number  of 
threads  to  the  inch  of  taps  and  screws. 

The  following  parts  to  the  inch  can  be  determined 
by  them  :  namely,  %  8,  4,  5,  6,  7,  8,  10,  14,  16,  20, 
24,  and  32. 

Cen'ter-ing.  (Masonry.)  A  temporary 
support,  serving  at  the  same  time  as  a  guide 
to  tne  workmen,  placed  under  an  arch  dur- 
ing the  progress  of  its  construction.  Its 
duty  is  to  support  the  arch  until  it  has 
been  finally  closed  by  the  insertion  of  the 
key-stone,  and  is  able  to  maintain  itself  in 
position  without  extraneous  help. 

The  object  is  to  afford  the  lai^st  possi- 
ble amount  of  support  to  all  the  parts  ;  to 
arrange  the  timbers  so  that  each  part  shall 
be  equally  supported  in  proportion  to  its 
actual  pressure,  and  to  economize  —  or  at 
least  such  should  be  the  engineer's  aim  — 


Bridge- CenUrs. 

a  sufficient  amount  of  framing  to  hold  the  ribs  and 
bolsters  securely. 

A  cocket-centering  is  one  in  which  head-room  is 
left  beneath  the  arch  above  the  springing-liiie,  upon 
which  the  temporary  supports  of  the  centeiing  may 
have  to  rest 

The  'most  elementary  form  may  be  seen  in  the 
common  sewer  or  culvert,  where  a  simple  structure 
answers  the  purpose  ;  but  in  large  structures,  which 
may  have  to  support  a  pressure  of  many  hundreds 
of  tons,  careful  calculations  are  required,  involving 
a  knowledge  of  the  strength  of  materials  and  reso- 
lution of  thrust.  Engineering  skill  is  also  necessary 
in  securing  proper  foundations  under  the  widely 
varying  circumstances  of  the  soil  and  substrata. 

Fig.  1205,  a  is  a  center  used  at  Westminster 
Bridge,  an  improvement  on  Perronet's  system.  Two 
timbers  resting  on  the  abutments  incline  and  meet 
at  the  top,  forming  a  large  triangle  ;  this  is  crossed 
and  braced  in  different  directions,  constituting  seven 
compartments,  and  affording  considerable  strength. 


Center  CoUlxtream  BtUige. 
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Centers  of  130  feet  span  have  been  formed  by  the 
arrangement  i-eprcsented  in  Fig.  1205,  b,  composed 
of  vertical  and  ho^^^utal  timbers  with  diagonal 
braces  ;  the  upper  portion  is  contrived  to  rest  upon 
wedges,  and  can  be  lowered  without  disturbing  the 
rest ;  by  striking  the  inclined  supports  at  bottom, 
their  position  can  be  altered  when  desired.  These 
centers  have  the  advantage  of  simplicity,  and  can 
be  easily  put  together  and  taken  down. 

Sme-aton's  center  for  Coldstream  Bridge  resembled 
a  roof-truss  in  its  general  arrangement,  consisting 
of  a  frame  with  a  tie-beam  united  by  a  system  of 
braces  ;  on  each  side  were  struts  supporting  the  ribs, 
on  which  was  laid  the  planking  for  turning  the  arch. 

The  centers  devised  by  Kennie  for  the  arches  of 
Waterloo  Bridge  have  been  often  cited  as  admirablv 
arranged  structures  of  their  kind.  Inclined  "  piles,  * 
which  carried  the  weight  of  the  ribs  of  the  cen- 
ter, had  their  bearings  on  the  offsets  of  the  stone 
piei-s,  which  afforded  an  excellent  abutment.  The 
ribs  were  laid  upon  whole  timbers  c-apping  the 
piles,  and  under  each  set  of  ribs  wedges  were  in- 
troduced, which  were  made  to  extend  across  the 
whole  width  ;  when  it  was  required  to  ease  the  cen- 
ter, the  wedges  were  driven  aion^  each  other,  and 
slid  down  the  inclined  plane  into lai^r  spaces  than 
they  had  formerly  occupied.  The  whole  center 
could  by  this  means  be  made  to  descend  very  gently, 

Fig.  1207. 
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and  be  retained  at  any  required  position  during  the 
progress  of  the  work. 

An  elevation  of  the  framing  is  shown  in  Fig. 
1207.  This  center  is  said  to  have  had  remarkable 
strength,  and  when  struck,  the  arch  settled  but  a 
very  few  inches. 

Cen'tar-ing-ma-ohine^  A  form  of  machine- 
drill  for  centering  shafts,  bolts,  etc.  The  purposes 
are  various,  but  specially  to  make  such  a  depression 
at  the  exact  center  that  the  object  may  be  placed  in 
a  lathe  for  turniiiff.  Two  illustrations  are  shown. 
In  the  upper  one  the  end  of  the  shaft  a  rests  in  the 
crutch,  and  is  held  between  the  three  sliding-dogs 
of  the  chuck  b,  so  that  the  exact  center  of  end-face 
is  presented  to  the  drill,  which  is  rotated  by  a  band 
on  pulley  c,  and  advanced  to  its  work  by  the  tail- 
screw  d.  The  lever  e  is  the  means  of  rotating  that 
portion  of  the  chuck  which  carries  the  rack  or  «nail 
by  which  the  dogs  are  radially  adjusted,  so  as  to 
grasp  or  release  the  shaft. 


OnUering-Mciehtn*  • 

The  lower  figure  has  the  dogs  h  on  the  face  of  the 
chuck  g,  and  these 
are  made  to  embrace 
the  shaft,  bolt,  or 
rod  near  the  end,  so 

■  as  to  hold  it  for  the 
^  advance  of  the  drill, 
'    which,  in  this  case, 

is  moved  to  its  work 
by  the  lever-handle 

■  k,   but    rotated  by 
the  band  on  the  pnl- 

'    ley. 

Cen'ter-ing- 
tooL  One  having 
a  trumpet  mouth, 
into  which  the  end 
of  a  shaft  may  be 

■  pushed  while  the 
"  tool  occupying  the 

axis  may  be  driven 
forward,  to  drill 
or  nunc  a  hole 
in  tne  exact  axial 
center  of  the  rod. 
The  shaft  A  is  at- 
tached to  the  lathe- 
spindle,  and  around  it  is  a  sleeve  supporting  a  center- 
ing-cup, which  is  driven  forward  by  a  spiral  spring. 


ng.  1209. 
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Cen'tar-line.  {Shipbuilding,)  A  central,  lon- 
gitudinal, vertical  section  of  the  hull. 

Cen'ter-lathe.  1.  A  lathe  in  which  the  work  is 
supported  upon  centers  at  each  end  ;  one  on  the  end 
of  tne  mandrel  in  the  head-stock,  and  the  other,  the 
back-center,  on  the  axis  in  the  tail-stock.  The  lat- 
ter is  adjustable. 

2.  A  lathe  in  which  the  work  is  held  by  centers 
projecting  from  two  posts,  and  is  driven  by  a  band 
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which  passes  two  or  three  times  around  it.  The 
band  is  fastened  at  its  respective  ends  to  a  treadle 
beneath  the  lathe  and  a  spring-bar  above  it.  A 
pole-lcUhe. 

Cen'ter-pin.  The  pivot  on  which  the  compass- 
needle  oscillates.  See  Mariner's  Compass  ;  Dip- 
compass. 

Center-punoh.  A  punch  for  making  an  inden- 
tation, as  a  mark  for  the  center  of  a  hole  to  be 
drilled,  a  circle  to  be  struck,  or  as  a  center  of 
revolution  in  the  lathe. 

Cen'tar-raiL  (Hailioay  Engineering.)  A  third, 
or  middle,  rail  placed  between  the  ordinary  rails  of 
a  track,  and  used  on  inclined  planes  in  connection 
with  wheels  on  the  locomotive  in  ascending,  or  de- 
scending the  grade. 

The  first  of  these  was  Blenkinsop's  patent  of 
1811.  The  middle  rail  was  a  rack,  and  was  engaged 
by  a  cogged  wheel  on  the  locomotive  by  whi(Jtt  the 
ascent  was  secured. 

No  particular  provision  was  made  for  descent.  The 
device  was  primarily  intended  as  an  aid  to  traction, 
as  it  was  supposed  at  that  time  the  bite  of  the  driv- 
ers on  the  ran  would  be  insufficient. 

Snowden  (English),  in  1824,  had  a  center-rack 
and  what  he  called  a  mecJuinical  horse,  A  bevel  cog- 
wheel on  the  locomotive  acted  upon  gearing  on  the 
horse^  and  the  latter  had  a  wheel  engaging  the  center- 
rack,  so  the  horse  was  advanced  and  drew  the  train. 
Easton  (English  patent,  1825)  specifies  a  central 
rack  placed  between  the  two  rails,  and  a  spur  gear 
on  the  locomotive.  In  addition  to  this,  the  smooth 
sides  of  the  rail  fonn  guides,  latei-al  wheels  running 
in  a  horizontal  plane  beneath  the  engine  or  carriage, 

beanng '  upon    uie 
Fig.  1210.  sides  of  the  rail  and 

preventing  the 
swerving  of  the  ve- 
hicle from  the  line 
or  rails.  No  positive 
motion  was  impart- 
ed by  the  engine  to 
the  said  guide- 
wheels. 

Kollman's  Eng- 
lish patent  of  1836 
has  a  central  guide- 
VignoUM  and  &icsson*s  Centred  RaU.  rail.  « 

A  central /rtc^Mwi- 
rail  was  patented  bv  Vignoles  and  Ericsson  in 
EMland,  1830. 

This  friction -rail  consists  of  a  flat  piece  of  iron 
fixed  in  a  vertical  position  in  chairs  a,  occupving  a 
median  position  between  the  tracks.  On  each  side 
of  the  friction-rail  is  a  horizontal  friction -roller,  as 
shown  &t  c  d  ;  the  roller  c  being  made  considerably 
longer  than  d,  and  fixed  upon  its  vertical  shaft  e, 
whue  d  is  permitted  to  turn  freely  on  its  vertical 
shaft  /.  On  the  driving-axis  g  is  fitted  a  bevel-, 
wheel  hf  which  turns  another  bevel-wheel  i,  fixed 
upon  the  vertical  shaft  e  of  the  driving-roller  c.  The 
bearings  of  this  driving-roller  and  its  shaft  are  firmly 
fixed  to  the  under  side  of  the  locomotive-carriage  by 
a  block  to  which  the  bearings  of  the  friction-roller 
d  are  hinged,  that  the  latter  may  at  pleasure  be 
pressed  against  the  friction-rail  a  by  the  lever  m. 
This  lever  is  brought  within  reach  of  the  engineer. 
The  driving-wheels  n  o  may  be  released  from  the 
power  of  the  engine  by  disengaging  the  clutches 
i>  g,  so  as  to  throw  the  whole  force  of  the  engine 
upon  the  gripping  rollers  c  d  when  ascending 'a 
grade. 

Kollman's  Locomotive  Guide,  English '  patent, 
1836,  had  a  pair  of  rollers  acting  upon  the  sides  of  a 


center-rail  whose  upper  flanges  prevented  the  rising 
of  the  guide-rollers  to  such  an  extent  as  to  become 
disengaged. 

Sellers's  United  States  patent,  1835,  embraced  a 
central  rail,  clami)ed  between  two  horizontally  ro- 
tating rollers  driven  by  the  power  of  the  locomotive. 

A  device  similar  to  that  described  in  Vignoles 
and  Ericsson's  English  patent,  1830,  was  adopted 
by  Fell  in  the  Mount  Washington  Railway,  wnose 
steep  gradients  could  not  be  ascended  by  the  or- 
dinary means. 

Mr.  Fell  adopted  the  same  means  in  ascending 
the  inclined  planes  on  Mont  Cenis. 

Another  form  of  center-rail  railway  has  but  a 
single  rail  in  the  middle  of  the  track,  and  a  pair  of 
smooth  tramways,  one  on  each  side,  traversed  by 
ordinary  wheels. 

Cen'ter-saw.  A  machine  for  splitting  round 
timber  into  bolts,  instead  of  riving  it,  for  axe  and 
pick  handles,  heavy  spokes,  etc.  It  has  a  sliding 
carriage,  furnished  with  center  head-blocks,  upon 
which  the  log  is  placed ;  and  is  provided  witn  a 
dial-plate  and  stops,  by  which  the  log  can  be  spaced 

Fig  1211. 


Cenier  Sawin^-Mcuhine. 

into  stufl*  the  desired  size.  The  centers  can  be  ad- 
justed up  or  down,  to  suit  the  work.  Is  capable  of 
splitting  timber  up  to  20  inches  in  diameter,  3)  feet 
long ;  cuts  invariably  toward  the  center,  and  is  cal- 
culated for  a  saw  22  inches  or  less  in  diameter. 

Cen'tar-sec'ond.  A  tenn  applied  to  a  watch 
or  clock  in  which  the  seco^id-hskwa  is  mounted  on 
the  central  arbor  and  completes  its  revolution  in 
one  minute.  It  is  more  easily  read  than  the  ordinary 
second-hand  traversing  in  its  own  small  dial. 

The  beat  of  the  second-hand  may  be  seconds,  or 
fractions  of  a  second.  In  the  original  form  it  beat 
with  the  balance,  a  third  of  a  second  at  a  beat. 

The  largest  center-second  clock  known  to  the 
writer  is  the  turret-clock  for  the  Bombay  Harbor 
Board,  which  indicates  hours,  minutes,  and  seconds 
upon  a  dial  8^  feet  in  diameter.  The  center-second 
hand  measures  6J  feet  in  length,  and  its  end  has  a 
motion  of  5  inches  per  second,  acquiring  a  momen- 
tum which  has  been  overcome  by  a  series  of  sixty 
levers,  so  arranged  that  the  second-hand  rests  in 
one  of  them  at  each  beat ;  the  point  of  the  hand 
being  so  contrived  that  when  it  rests  upon  a  lever  it 
is  detained  there,  and  can  get  neither  backwards 
nor  forwards  until  the  clock-work  removes  the  lever 
out  of  the  way.  This  prevents  the  swaying  back 
and  forth  of  the  hand,  and  ^ves  it  a  dead  motion. 

Cen'ter-valve.  A  device  in  gas-works  whose 
duty  is  to  distribute  the  coal-gas  to  the  purifiers. 
In  the  example  annexed,  the  seat  of  the  valves  is  a 
casting  A,  having  four  pair^t  of  mouths  d  e.  The 
valve  itself  has  a  port  which  may,  by  rotation,  be 
made  to' connect  \\4th  and  distribute  the  coal-gas  to 
any  one  of  the  four  sets  of  puvifiei-u. 
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Center- VtUve, 

Cen'ter-wheeL  The  <<  third  wheel "  of  a.watch, 
in  some  kinds  of  movements. 

Cen'ti-grade  Ther-mom'o-ter.  The  thenndm- 
eter  of  Celsius.  The  7.ero  is  at  the  freezing-point  of 
water,  and  the  boiling-point  is  at  100".  ^  Ther- 
mometer. 

Cen-trif  a-gal  DxilL  A  drill  having  a  fly-wheel 
upon  the- stock,  to  maintain  aiid  steady  the  motion 
against  the-efifect  of  temporary  impediments.  In 
some  cases  there  is  a  click  movement,  so  that  the 
fly-wheel  may  constantly  maintain  the  same  direc- 
tion of  motion,  notwithstanding  the  vibratory  char- 
acter of  the  primary  motion. 

Cen-trif  a-gal  nl'ter.  The  centrifugal  suffar- 
filter  was  patented  in  the  United  States  by  Hura  in 
1844,  and  in  England  by  FinzM  in  1849. 

ItH  cylinder  has  a  porous  or  foraminous  per- 
iphery,  and  is  very  rapidly  rotated  on  its  ver- 

Flg.l21& 


CktUriftigul  Filter. 

tical  axis,  so  as  to  drive  off  by  centrifugal  force 
the  lionid  with  which  the  substance  contained  in 
the  cylinder  is  saturated.  In  the  illustration  an- 
nexed, the  syi-up  is  introduced  by  pipe  J  into  the 


distributor  E^  which  disperses  it  to  all  narts  of  the 
chamber  G^  which  is  filled  with  bone-black  and  ia 
rotated  rapidly  on  its  shaft  ^  by  a  bevel-pinion 
driven  by  the  bevel- wheel  B.  Cis  the  wheel  of  the 
tram-lever,  on  which  the  shaft  is  stepped.  The 
liquid  driven  out  of  the  cylinder  G  is  collected  in 
the  envelope-chamber,  and  dischajved  by  the  pipe 
/.  Sugar  IS  freed  of  molasses  in  the  same  kina  of 
machine.    See  Centrifugal  Machine. 

Cen-trif  u-gal  Ghm.  A  form  of  machine-cannon 
in. which  balls  are  driven  tangentiaUy  from  a  cham- 
bered disk  rotating  at  great  speed. 

Cen-trifu-galMa-ohlne/.  A  machine  fordrying 
yam»  cloth,  clothes,  sugar,  etc,  by  centrifugal  action. 
The  fiber  or  other  material  is  placed  in  a  hollow 
cylinder  with  a  reticulated  periphery  of  wire  gauze, 
and,  being  rotated  at  u  i-ute  of  from  1,000  to  2,000 
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Centrifugal  Machine, 

revolutions  per  minute,  the  water  flies  off  by  the 
centrifugal  action,  and  is  collected  by  the  enclosing 
cylinder,  down  which  it  trickles  to  a  dischaige-pipe. 
It  is  also  found  useful  in  removing  the  must  from 
the  grape  after  crushing. 

The  illustration  shows  a  machine  with  an  inner 
cylinder  9n,  and  an  outer  one,  both  revolving  in 
concert  and  driving  outwardly  to  the  chamber  A  the 
molasses  in  the  sugar,  which  surrounds  the  cone  B. 

Cen-tiif  u-e^  Pomp.  A  rotary  pump  in  which 
the  fluid  is  driven  outwardly  from  the  center  at 
which  it  is  received,  and  diverted  into  an  upward  di- 
rection. 

Le  Demour's  centrifugal  pump  (Fig.  1215)  is  sup- 
posed tohave  been 


the  first  of  its  kind. 
It  is  but  a  clumsy 
contri  van  ce, 
viewed  in  the  light 
of  the  more  recent 
inventions,  which 
are  generally 
forms  derived 
from  the  turbine. 
They  do  for 
water  what  some 
forms  of  fan -blow- 
ers do  for  air,  and 
are  also  much  like 
many  rotary  en- 
gines in  the  con- 
sti-uction  of  the 
l>arts,  only  the 
vanes  of  the  ro- 
tary steam-en- 
gines are  pressed 
by  steam,  while 
those  of  the  cen- 


rig.m*. 


Otntri/kgamanf, 


trifugal  pump  move  against  the  water,  and  drive  t^. 
See  also  Kota  r y  Pum  f. 
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In  the  KonU  en  LeiterboiUf  Haarlem,  HoUand, 
April  19,  1841,  occui-s  a  suggestion  of  P.  H.  Van 
der  Weyde,  for  the  use  of  a  turbine-shajied  wheel  as 
a  centnfugal  pump,  the  process  being  inverted  so 


Fig.  1216. 


Centrifugal  Pumps. 


"that,  in  place  of  obtaining  power  by  means  of 
descending  water,  we  may  raise  water  by  appl3ring  a 
given  power."  The  centrifugal  pump  known  as  the 
**  G Wynne  '*  pump  was  used  by  Andrews  and  Brother 
in  New  York  in  1844. 


In  Fig.  1216  are  shown  several  forms  of  the  cen- 
trifugal pump,  differing  more  in  detail  and  propor- 
tion than  in  principle. 

A  shows  Gwynne's  centrifu^  pump,  which 
has  six  equidistant  pallets  inclined  backwardly  to- 
ward their  outer  extremities.  Three  of  these  ex- 
tend'from  the  axis,  and  the  remainder  only  from  the 
mATgin  of  the  annular  induction-space  around  the 
axis.  The  wheel  rotates  in  a  shell  in  the  direction 
of  the  arrow,  and  delivers  the  water  upward  into  the 
eduction-pipe  L. 

Girard's  turbine  elevator  resembles  five  distinct 
turbines  on  a  vertical  axis,  one  above  another,  each 
taking  the  water  from  the  one  below  it,  and  deliver- 
ing it  in  turn  to  the  one  above  it^ 

£  (7  shows  the  Coignard  centrifugal  pump,  as  shown 
at  the  French  Exposition,  1862.  A  vertical  section 
across  the-axis  of  one  of  these  pumps  is  shown  at  B 
(Fig.  1216)  and  another  section,  also  vertical, 
through  the  axis,  at  C  (same  figure).  Here  there  are 
two  revolving-di-ums,  g  a,  g  a,  both  attached  to  the 
same  axis  d.  They  revolve  in  water-tight  boxes, 
but  the  entrance  of  the  water  takes  place  from  the 
space  o,  between  the  drums ;  the  openings  for  ad- 
mission being  at  /.  The  discharge  takes  place 
through  an  annular  lateral  space  e  e  e  e,  into  an  an- 
nular cavity  m  m,  which  conducts  it  to  the  rising 
tube  n.  The  tube  of  aspiration  is  l,  which  commu- 
nicates with  the  space  between  the  drums  o.  The 
form  given  to  the  pallets  in  this  machine  is  spiral ; 
they  are  only  two  in  number  in  each  drum.  As  in 
the  other  pumps,  the  form  of  the  helices  is  profes- 
sedly such  as  to  make  the  section  of  passage  inversely 
proportional  to  the  velocity  of  the  water  at  different 
distances  from  the  center. 

Andrews's  centrifugal  pump  (Z>,  Fig.  1216)  re- 
sembles a  helix  or  snaiFs  -  shell,  which  forms  the 
base  of  a  double  cone  placed  with  its  axis  in  a  hori- 
zontal position,  the  space  between  the  inner  and 
outer  cones  being  the  chamber  of  the  pump,  and 
occupied  bv  a  kind  of  turbine-wheel  shown  in  the 
detached  view  £  (same  figure).  F  is  the  stationary 
boss  with  spiral  flanges  /,  which  give  the  water  a 
twist  just  as  it  enters  upon  the  action  of  the  wheel, 
which  has  six  vanes,  as  seen  in  the  view  E.  a  is 
the  base  of  the  pump,  cast  in  one  piece  with  the 
case  c,  to  which  is  attached  by  flanges  the  conduct- 
ing-case,  composed  of  two  parts  d  cf,  forming  a 
spiral  dischaiiKe-passage  g  and  e ;  gradually  enlar- 
ging to  the  outlet/  is  the  stuffing-box,  through  which 
passes  the  driving-shaft  g ;  this  having  turned  in  its 
surface  at  j,  a  senes  of  grooves,  which  are  accurately 
fitted  in  a  Babbitt  metal-box  in  the  standard  h,  coun- 
teracting any  tendency  to  end-thrust  or  vibration, 
t  is  the  bed-plate,  having  cast  upon  it  the  standard 
h,  and  brackets  to  which  the  pump  is  secured  by  the 
flanges  and  base.  When  required  to  be  run  ver- 
tically, no  bed-plate  is  used,  but  the  pump  is  secured 
by  the  base.     The  base  also  forms  a  flange,  to  which 

Fig.  1217. 


CaUrifupil  Pump. 
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is  bolted  the  bend  q  of  the  suction-pipe,  which  has 
a  foot-valve  at  its  lower  end.  Motion  is  communi- 
cated by  a  belt  upon  the  pulley  p. 

Fig.  1217  gives  an  exterior  view  of  a  centrifugal 
pump. 

Fig.  1218  shows  the  centrifugal  pump,  with  por- 
table engine  connected,  as  arranged  for  piunping  out 

Fig.  1218 


a  pond,  or  pumping  from  a  river  with  a  shelving 

bank,  the  dotted  Unes  showing  it  as  adapted  for 

pumping  out  of  a  cistern  or  well.     The  pump  is 

placed  upon  a  two- wheeled  carriage  firmly  attacked 

to  the  engine  when  working,  and  driven  by  a  band 

from  the  fly-wheel  of  the  engine. 

Cen-trip'e-tal  Press.  A  mechanical  contrivance 

for  pressing  inwardly  on  a  radial 

line  from  ail  directions  in  the  corn- 


Fig.  1219 


Lusk^s  Cephalotribe. 

fetal  head  and  facilitate  delivery.  It  has  to  a  con- 
siderable extent  superseded  the  crochet  and  perfora- 
tor. 

The  instrument  depicted  has  blades  with  a 
cephalic  curve,  which  gives  it  power  as  a  compressor, 
and  grasp  as  a  tractor. 

Co-ram'ios.  All  varieties  of  work  formed  of 
clay,  in  whole  or  in  part,  and  baked,  are  included 
under  this  name.  See  Brick  ;  Tile  ;  Enam- 
el. See  jdso  specific  list  under  Pottery  and 
Clay. 

It  is  distinguished  'from  vilrics,  in  which  silex 
predominates,  the  result  being  glass. 

Ce'ra-to-tome.  A  knife  used  in  dividing  the 
cornea, 

Ce-rau'no-scope.  An  instrument  to  imitate 
lightning  and  thunder. 

Cere-oloth.  Waxed  cloth  ;  formerly  used  as  a 
shroud  in  embalming.  Hence  cerements.  See  Em- 
balming. 

Cer'iph.  {Printing.)  The  fine  lines  of  a  type  or 
letter  at  the  top  and  bottom,  projecting  beyond  the 
heavy  strokes.  The  terminal  cross-lines  of  a  letter. 
Also  called  hair-lines. 

Ce'ri-nxn.  A  heavy,  grayish-white  metal,  but 
little  known  or  used. 

Ce^ro-graph.    A  writing  on  wax. 


Cer'vlx-dl-la'tor.  An  instrument  which  is  used 
for  dilating  the  cervix  uteri  when  contracted,  partic- 
ularly the  internal  os.     After  the  point  is  thrust  in. 


Fig.  1220. 


CerviZ' Dilator. 


the  handles  are  pressed  together,  which  expands  the 
blades. 

Ces8-pl|>e.    A  pipe  for  carrying  off  waste  water, 
etc.,  from  a  sink  or  cesspool. 

Cess-pooL    1.  A  pnvy-vault. 

2.  A  cistern  to  collect  sedimentary  matter  passing 
into  drains. 

The  washings  of  the  Hg.  1221. 

streets  contain  much 
gravelly  and  sandy  ^ 
cUbris,  and  during 
rain-storms  other  ar- 
ticles are  carried 
through  the  open  or 
grated  entrance  g  to 
the  sewers.  Such 
things  are  collected 
in  the  cistem  or  cess- 

Cl,  and  the  water 
ra  off  beneath  the 
trap-wall,  which  pre-  Cesspool. 

vents    the     upward 

passage  of  mephitic   air  and  gases.    See  Catch- 
basin. 

Chafer.    A  small  portable  furnace.      Chafer; 
chauffer. 
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Chaf  er-y.  A  forge  in  an  iron-mill,  wherein  the 
iron  is  wrought  into  bars. 

Chaff-cut'ter.  A  machine  for  chopping  or  cut- 
ting long  feed,  such  as  hay,  straw,  or  stiuks,  into 
chaff,  in  which  condition  it  may  be  fed  in  a  box  or 
bag,  dusted  with  bran  or  meal.  An  economical  and 
compact  mode  of  feeding.    See  Straw-cutter. 

Gnaff-halt'er.  A  lady's  bridle  with  double  reins. 

Chafing-dish.   1.  A  pan  of  coals  to  heat  a  dish. 

2.  A  dish  heated  by  lamp  or  jet  beneath. 

Chafing-gear.  (NmUtmi.)  Parceling  or  serv- 
ing on  ropes,  to  keep  them  from  being  chafed  by 
running  rigging. 

Chain.  1.  A  device  consisting  of  several  asso- 
ciated links,  joined  endways  so  as  to  string  out  in 
line. 

The  varieties  of  chains  are  numerous,  and  their 
names  are  derived  from  their  (a)  material,  (6)  struc- 
ture, or  (c)  purpose,  as,  — 

a.  Gold,  steel,  galvanized  iron,  etc. 

b.  Twisted  link,  flat  link,  etc. 

c.  Top-chain,  curb-chain,  surveyor's  chain,  moor- 
ing-chain,  etc. 

Chains  in  olden  times  had  three  purposes. 

(1.)  They  were  worn  as  emblems  of  mvesriture  or 
badges  of  office,  as  in  the  cases  of  Joseph  and  Daniel, 
in  E^ypt  and  Babylon.  The  idea  was  preserved  in 
Persia,  and  blossoms  yearlv  in  the  civic  ceremonies 
wherein  London  rejoices  that  she  has  found  another 
mayor. 

(2.)  For  ornament.  Necklaces,  girdles,  and  ankle- 
chains  were  used  by  various  nations  of  antiquity. 
Jewels  were  worked  into  the  links  or  strung  upon 
cords.  To  the  chains  which  hung  from  the  neck, 
fancy  or  fashion  suspended  cowries,  mirrors,  **  round 
tires  like  the  moon,"  trinkets,  amulets,  emblems, 
and  scent-bottles.  "The  Midianites,  who  invaded 
Palestine  in  the  time  of  Gideon,  ornamented  with 
chains  the  necks  of  their  camels.  The  modem  uses 
of  ornamental  chains  are  numerous  and  familiar. 

(3.)  For  confining  prisoners.  Before  and  after  the 
time  when  poor  Samson  was  blinded  and  then  bound 
with  fetters  of  brass,  when  David  lamented  Abner, 
and  the  fugitive  Jedekiah,  after  defending  his  capital 
for  two  years,  became  a  fugitive,  was  captured, 
blinded,  bound  with  chains  of  brass,  and  carried  to 
Babylon,  chains,  fetters,  and  manacles  were  the  lot 
of  captives  and  criminals.  Peter  slept  "between 
two  soldiers  bound  with  two  chains,*'  bemg,  no  doubt, 
handcuffed  to  his  guards  on  cither  side.  Herod, 
of  course,  had  the  soldiers '  killed,  which  was  the 
ordinary  punishment  of  a  Boman  guard  who  allowed 
his  prisoners  to  escape. 

Tne  Romans  used  chains  with  links  of  various 
patterns ;  circular,  oval,  figure-8,  horse-shoe,  bars 
with  eyes,  etc.  These  were  principally  of  a  small 
fAze  and  ornamental  character.  Their  cable  was  of 
rope,  as  it  was  with  us  until  a  few  decades  since. 
Xerxes  thrashed  the  Hellespont  with  chains,  and 
then  threw  chains  into  the  strait  as  a  reminder ;  but 
the  bridge  he  built  was  of  rope,  supported  by  ships, 
and  sustaining  the  planks  on  which  the  host  crossed. 
.  Twisted  chains  are  mentioned  by  the  Greek 
authors. 

Iron  for  chains  is  cut  off  with  a  plain  charoferer  ; 
each  piece  is  then  bent,  introduced,  and  welded. 
In  common  chains  the  weld  is  made  at  the  small 
end,  called  the  crotan. 

In  chain  cables  the  weld  is  at  the  side  of  the 
oval,  the  scarf  bejng  flatways  of  the  link.  The 
parts  and  consecutive  forms  are  shown  at  t,  j,  k 
(Fig.  1222). 

Curbed  or  twisted  chains  are  welded  in  the  ordi- 
nary manner  and  twisted  afterwards ;  each  link  as 


it  is  welded,  or  a  few  made  hot  at  a  time  and 
twisted. 

Chains  with  flat  links  are  made  in  the  fly-press. 
The  links  are  cut  out,  of  the  form  shown  at  h.  The 
holes  are  afterwards  punched  as  in  washers,  one  at  a 
time,  every  blank  being  so  held  that  its  circular  ex- 
tremity touches  the  stops  on  the  bed  or  die,  which 
insure  the  centrality  of  the  blank  and  punch.  The 
two  holes  are  thus  made  equidistant  in  all  the  links, 
and  are  afterwards  strung  together  by  inserting  wire 
rivetff  through  the  holes. 

The  pins  or  rivets  for  the  links  are  cut  off  from 
the  length  of  wire  in  the  fly-press,  by  a  pair  of 
cutters  like  wide  chisels  with  square  edges,  assisted 
by  a  stop  to  keep  the  pins  of  one  length  ;  or  by  one 
straight  cutter  and  an  angular  cutter  hollowed  to 
about  60",  or  by  two  cutters,  each  hollowed  to  9(f. 
In  the  three  ci^es,  the  wire  is  respectively  cut  from 
two,  three,  or  four  equidistant  parts  of  its  circum- 
ference. 

Sometimes  the  succession  of  the  links  of  the  chain 
is  one  and  two  links  alternately,  as  at  a; ;  or  three  and 

Fig.  1223. 
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Chains 


two,  or  four  and  three,  as  at  2,  up  to  eight  and  nine 
links,  which* is  sometimes  used.  The  wires  when 
inserted  are  slightly  riveted  at  the  ends. 

Chains  intended' to  catch  on  pins  or  projections 
on  the  periphery  of  a  wheel  are  made  two  and  two, 
as  in  the  other  figure,  leaving  an  opening  which 
slips  over  the  cog. 

Mr.  Oldham,  the  engineer  to  the  Bank  of  Eng- 
land, contrived  a  curved  link -chain  //,  adapted  to 
work  in  connection  with  a  cog-wheel  g,  with  cpi- 
cycloidal  teeth. 

Chains  for  watches,  timepieces,  and  small  ma- 
chinery are  too  minnte  to  be  made  as  the  ordinary 
flat-link  chain.  The  slip  of  steel  is  first  punched 
through  with  the  rivet-holes  for  a  number  of  links,  by 
means  of  a  punch  in  which  two  steel  wires  are  in- 
serted ;  the  distance  between  the  intended  links  is 
obtained  (somewhat  as  in  file-cutting)  by  resting  the 
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bum  of  the  two  preyious  holes  against  the  sharp 
edge  of  the  bolster.  The  links  are  afterwards  eut 
oat  by  a. punch  and  bolster  of  a  minute  size.  The 
punch  has  two  pins  inserted  at  the  distance  of  the 
rivet-holes  ;  the  slip  of  steel  being  every  time  fitted 
by  two  of  the  holes  to  these  pins,  all  the  links  are 
thereby  cut  centrally  around  these  rivet-holes. 

The  tools  are  carried  in  a  thick  block  having  a 
perpendicular  square  hole,  fitted  with  a  stout  scjuare 
bar ;  the  latter  is  driven  with  a  hammer,  which  is 
supported  by  pivots  raised  by  a  spring  and  worked 
by  a  pedal.  When  the  links  measure  from  i  to  i 
inch  in  length,  the  press  is  worked  by  a  screw. 

The  punches  are  fitted  to  the  side  of  the  square 
bar,  in  a  projecting  loop  or  mortise,  and  are  secured 
by  a  wedge.  They  are  drilled  with  holes  for  pins, 
and  across  each  punch  there  is  a  deep  notch  to  ex- 
pose the  reverse  ends  of  the  pins,  in  order  that, 
when  broken,  they  may  be  driven  out  and  replaced. 
The  pins  are  taper-pointed,  that  they  may  raise 
burrs,  instead  of  cutting  the  metal  clean  out ;  and, 
being  taper,  no  puUer-off  is  required,  and  the  bed- 
tools  are  fitted  in  chamfer-grooves  in  the  base  of  the 
instrument. 

A  pocket  chronometer-chain  14  inches  in  length, 
containing  in  every  inch  of  its  letagth  22  rivets  and 
38  links,  in  8  rows,  has  770  pieces,  and  weighs  9^ 
grains. 

A  chain  for  a  small  pocket- watch  measures  6  inches 
^  in  length,  has  42  rivets  and  63  links  in  eveiy  inch, 
'  in  all  630  pieces ;  and  the  whole  chain  weighs  Ij 
grains. 

Chains  for  jeweliy  are  cut  with  punches.  The 
exterior  and  interior  of  each  is  frequently  rectangu- 
lar ;  each  alternate  link  is  slit  witn  a  fine  saw  for 
the  introduction  of  two  contiguous  links,  and  the 
slit  is  soldered  up. 

JOgging-chain  is  usually  of  the  open-linked  kind, 
with  oval  links.  It  is  described  by  stating  the 
diameter  of  the  rod  of  which  the  links  are  made. 

The  outside  breadth  of  a  chain  is  about  8|  times 
the  diameter  of  the  rod  of  which  it  Ib  made. 

a  a  (Fig.  1222)  is  an  open-linked  chain  with 
thimbles  for  the  engagement  of  the  pins  of  a  sprocket- 
wheel  in  water-elevators. 

5  6  are  the  links  of  a  chain  of  bent  loops  made 
without  cuttinff  or  welding. 

c  c  are  the  links  of  an  elastic  chain,  in  which 
blocks,  of  india-rubber  are  so  placed  as  to  be  com- 
pressed by  a  pull  on  the  chain. 

m  n  n  are  forms  of  Acraman's  chain,  1820,  in 
which  the  bar  is  rolled  with  protuberances  which 
form  by  mutual  contact  an  actual  stay,  or  form 
sockets  for  stay-pins. 

p  |7  are  .  links  of  Sowerby's  chain-cable,  1822, 
which  are  bent  inward  at  the  middle,  where  they 
are  stayed  by  a  block  *,  secured  by  a  riveted  pin. 
The  projections  c  c  are  to  prevent  entanglement  of 
the  links. 

Hawk8*8  English  patent,  1828,  has  links  made  of 
iron  rolled  with  enlaigements  which  correspond  to 
the  ends  of  the  links  where  the  greatest  amount  of 
friction  occurs. 

The  illustration  shows  — 

A  link-blank,  t,  the  edges  cut  off  with  a  tearf. 

The  link  bent,  u. 

Welded,  v.  Stayed,  w, 

2.  The  8urveyor*s  chain  (Gunter's)  has  100  links, 
each  of  which  is  7i^  inches  in  length ;  the  whole 
measuring  4  rods,  equal  to  66  feet  See  Suryetor's 
Chain. 

3.  {Weaving.)  The  totxrp- threads  of  a  t<»6.  Also 
known  as  the  chain,  filling,  or  ttriat ;  and  in  silk  as 
argannne. 


Chain-belt.    A  chain  forming  a  band  or  belt  for 
the  conveyance  of  power. 


A  chain  covered  with  piping  or  overlaid  with  strips 
to  form  a  round  belt 

Chain-boat.  A  substantial  boat  used  in  harbors 
in  recovering  chain-cables  and  anchors. 

Chain-bolt  1.  (Shipbuilding,)  A  bolt  to  se- 
cure the  chains  of  the  dead-eyes  through  the  toe-link 
as  a  fastening  for  the  shrouds. 

One  of  the  bolts  fastening  the  channel-plate  to  the 
ship's  side. 

2.  One  having  an  attached  chain  by  which  it  mar 
be  drawn  back,  falling  by  its  own  gravity  or  pushed 
into  place  bv  a  spring.  Used  with  high  doors  of 
rooms  or  book-cases. 

Chain-bridge.  1.  A  form  of  feny-bridge  in 
which  the  passage  is  made  by  chains  laid  across  the 
river  and  anchored  on  each  side,  and  moving  over 
chain-wheels  on  board, 'driven  by  engines.  Such  a 
ferry-bridge  used  to  cross  the  Itcheu  River,  Hamp- 
shire, England.  The  chain  pier  of  Brighton  was 
erected  in  1822.  The  chains  of  Hungerford  Bridge, 
London,  were  moved  to  Clifton,  near  Bristol,  and 
now  span  the  Avon.  The  span  is  720  feet ;  hight 
above  water,  260  feet.     See  Ferrt-bridoe. 

2.  An  early  (for  Europe)  form  of  the  suspension- 
bridge  in  which  catenary  chains  supported  tne  floor. 
The  first  was  erected  over  the  Tees,  in  England,  in 
1741.  Rods  with  eyes  and  connecting-links  were 
used  by  Telford  on  the  Menai  Suspension  Bridse, 
1829 ;  steel  wires  laid  up  (not  twisty )  into  calues 
are  now  used.  See  Suspension-bridge  ;  Frontis- 
piece. 

Chain-bond.  The  tying  together  of  parts  of  a 
stone-wall  by  a  chain  or  iron  bar  built  in. 

Chain-calble.  (Nautical,)  A  chain  adapted  to 
use  as  a  cable  in  holding  a  ship  to. its  moorings  or 
anchor. 

The  ancient  Greeks  used  rushes  ;  the  Carthagini- 
ans the  spartium  or  broom  of  Spain  and  Libya  (Af- 
rica) ;  the  Egyptians,  papyrus. 

The  ancient  maritime  people,^  the  Yeneti,  used 
iron  chain-cable  for  their  snips  in  the  time  of  Julius 
Ctesar. 

In  the  tenth  century  the  nations  of  the  Baltic 
used  ropes  of  twisted  rawhide  thongs.  The  latter 
were  used  in  Britain  till  the  third  century,  and  are 
yet  used  in  Western  Scotland  for  boats  and  draft. 

Chain-cables  were  used  by  the  Britons.  (Cjrsar.) 
They  were  common  long  ago  in  small  sizes,  but  were 
only  lately  made  for  heavy  craft 

They  have  shackles  at  every  16  fathoms,  some- 
times swivels  at  7^  fathoms. 

Chain-cables  were  made  in  England  by  machinery 
in  1792,  and  introduced  into  the  British  merchant- 
service  by  Captain  Brown  of  the  "  Penelope,**  West 
India  merchantman,  400  tons  burden,  1811.  The 
cable  had  twisted  links. 

Brunton  patented  the  stay  in  the  middle  of  the 
link.    See  Chain. 

The  chain-cable  was  introduced  into  the  British 
navy  in  1812. 

In  making  chain-cables,  the  bar  of  1, 1^,  or  2  inch 
iron  is  heated,  and  the  scarf  is  made  by  a  cutting- 
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machine  ;  an  oblique  cut  on  the  end  of  the  rod,  giv- 
ing a  chamfer  or  lap  to  the  cut  surfaces,  brings  a 
larger  surface  of  the  iron  into  welding  contact.  The 
link  is  formed  by  inserting  the  end  of  the  heated  bar 
within  a  loop  in  the  edge  of  an  oval  disk,  which  may 
be  compared  to  a  chuck,  fixed  on  the  end  of  a  lathe- 
mandrel.  The  disk  is  rotated  by  steam- ix)wer,  and 
makes  exactly  one  revolution,  when  it  throws  itself 
out  of  gear.  The  heated  end  of  the  iron  rod  thus 
receives  an  oval  loop,  which  is  detached  from  the 
rod  by  a  chamfered  or  oblique  cut,  making  the  sec- 
ond scarf  for  the  link  and  the  first  scarf  for  the  next 
link.  The  link  is  now  concatenated,  closed  together, 
and  transferred  to  the  fire,  the  loose  end  being  car- 
ried by  a  traverse  chain.  When  properly  heated,  it 
is  transferred  to  the  anvil,  welded  and  dressed  off 
between  top  and  bottom  tools,  after  which  the  cast- 
iron  transverse  stay  is  inserted  and  the  link  closed 
thereupon. 

Chain-cables  are  generally  made  in  lengths  of 
from  12^  to  25  fathoms  ;  each  length  is  usually  pro- 
vided with  a  swivel.  The  lengths  are  joined  to- 
gether by  shackles  (which  see). 

A  cable's-len^h  is  100  fathoms  of  6.08  feet  each, 
and  is  one  tenth  of  a  nautical  mile. 

Chain-cables  are  stowed  in  chain -lockers,  generally 
near  the  mainmast,  or  hist  before  the  en^ne  and  boil- 
er com  imrtment.  The  locker-space  required  fy^  \^ 
may  be  found  by  the  following  rule  :  Mul-  ^i^ssssM 
tiply  the  square  of  the  diameter  of  the  cable- iron  in 
inches  by  35.  The  pi-oduct  is  the  space  required  in 
cubic  feet,  nearly. 

Four  kinds  of  apps^tus  are  used  for  regulating  or 
checking  the  motiqn  of  the  cable  as  it  runs  towards 
the  hawse-holes;  and  for  holding  on  by  the  cable 
after  the  anchor  has  taken  hold. 

These  are  Controlleiis  ;  Bitts  ;  Stoppers  ; 
CoMPRESSOiw  (which  see). 

Chain-ooup'llne^  {Railroad Engineering.)  1.  A 
supplementary  coupling  between  cars,  as  a.  safety-de- 
vice in  case  of  accidental  uncoupling  of  the  prime 
connector. 

2.  A  shackle  for  a  chain  whereby  lengths  are  united 
as  in  a  chain-cable,  or  a  shackle  or  clevis  to  unite  a 
chain  with  an  object. 

.    Chain-fast'en-ing.    A  sailor^s  bend,  or  cable 

mooring.     The  up 


Fig.  1225 


j)er 
the 


figure    shows 

double  chain - 

fastening;  thelow^- 

er  one  the  single 

chain -fastening. 

Chain-gear. 
A  form  of  cog-gear- 
ing in  which  an 
open  linked  chain 
catches  up  the  c(m;s 
or  sprockets  of  the 
wheel,  and  is  the 
means  of  motion 
thereof,orconverse- 
ly.  See  Chain- 
wheel. 

Chain -guard. 

(Horology.)      A 

mechanism     in 

watches    provided 

with    a    fusee,    to 

prevent  the  watch 

being  overwound. 

Chain.  Ghm'ter's.    The  surveyor's  chain,  having 

100  links,  each  7rtt^  inches  in  length  ;  total  length 

4  rods,  equal  to  66  feet.     See  Survevok's  Chain. 

Chain-hook.    (Nautical.)    1.  An  iron  rod  with 


Chain- Eastenfngs. 


Cham-Hook. 

a  handling  eye  at  one  end  and  a  hook  at  the  other 
for  handling  the  chain-cable. 

2.  A  cable-stopper  which  clamp  the  link  of  a 
chain  between  two  other  links,  as  m  Fig.  1225. 

Chain -in'di-nom'e-ter.  A  form  of  level  in 
which  the  inclination  of  the  surveyor's  chain  is  in- 


Fig.  1826. 


Chains  JneUnometer, 


dicated  on  a  scale  by  the  pointer  on  the  end  of  the 
level. 

Chain-knot.  1.  A  succession  of  loops  on  a 
cord,  each  loop  in  succession  locking  the  one  above 
it,  and  the.  last  one  locked  by  passing  through  it  the 
end  of  the  cord. 

2.  A  kind  of  knot  used  in  splicing.     See  Knot. 

3.  The  loop-stitch  of  some  sewing-machines.  See 
Stitch. 

Chain-lift'er.  {Nautical.)  A  cast-iron  grooved 
rim,  with  projections,  situated  at  the  foot  of  the 
capstan-barrel,  and  forming  the  dnim  around  which 
the  chain-cable  is  wound  in  weighing  anchor. 

Chain-look'er  Pipe.  {Nautical.)  The  iron- 
bound  opening  or  section  of  pipe  passing  through 
the  deck,  and  through  which  the  chain-cable  ]>asse8 
to  or  from  the  locker  in  which  it  is  stowed. 

Chain  of  Looks.  {Hydraulic  Ejigineering.)  A 
succession  of  lock-chambers,  the  lower  pair  of  gates 
of  each  of  which  (except  the  lowest)  foi-ms  the 
upper  pair  of  gates  for  the  chamber  below.  See 
Canal- LOCK. 

Chain-pin.  {Survei/ing.)  The  wire  pin,  having  a 
loop  at  one  end  and  pointed  at  the  other,  emi>loyed 
by  surveyors  for  marking  the  termination  or  each 
chain  in  measuring  distances. 

Chain-plate.   (Shipbuilding.)   One  of  the  plates 
of  iron  bolted  below  the  efiannels,  and  serving  for 
the  attachment  of  the  dead- 
eyes  to  which  the   shrouds  Fig.  12Z7. 
and  back-stays  are  secured. 

Chain-pulley.  One 
having  pockets  or  depressions 
in  its  periphery,  in  which  lie 
the  links,  or  alternate  links, 
of  a  chain  which  passes  over 
it  and  gives  motion  thereto, 
or  conversely. 

Chain-pump.  One  form 
of  the  chain-pmnp  consists  of 
an  endless  chain  passing 
around  a  wheel  above  and  de- 
scending into  the  water  below.  Chain-PiMeM. 
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In  its  upward  course  it  passes  through  a  vertical  tube 
whose  lower  end  is  submerged,  and  at  whose  upper 
end  the  water  is  discharged.  Along  the  chain  are 
it)und  disks  or  buttons,  w'hich  fit  in  the  bore  of  the 
tube,  and  form  pistons  which  elevate  the  water  as 
the  chain  ascends  in  the  tube.  The  cellular  pumps 
are  of  this  kind,  and  when  packed  pistons  are  usea, 
they  are  termed  paternoster  pumps,  from  the  resem- 
blance of  the  chfun  and  buttons  to  the  rosary.     ' 

The  chain-pump  is  a  common  irrigating-device  in 
China.  The  barrel  is  turned  by  men  by  means  of  a 
treadmill,  or  by  a  buffalo,  which  rotates  a  large  hori- 

Flg.  1223. 


stream.  In  practide,  these  disks  are  like  buttons, 
and  form  links  in  the  chain,  which  is  galvanized  to 
prevent  rusting.     The  tubing  is  made  of  some  light 

rig   1280. 


Chineu  Chain-Pitnip, 

zontal  wheel  connected  by  cogs  with  the  axis  of  the 
roller  over  which  the  chain  runs.     The  chute  is  in- 
clined, and  the  buckets  are  square  boards  attached 
at  intervals  alon^  the  chain.     Small  machines  are 
turned  by  hand  in  the  manner  of  a  grindstone,  a 
plan  so  familiar  in  our  ordinary  chain-pumps. 
The  chain-pump  is  sometimes  called  the  Spanish 
noria,  but  improper- 
Wg.l229.  ly.     The    Spanish 

noria  has  a  pair  of 
chains  or  rones  be- 
■  tween  which  buckets 
or  pots  are  secured, 
dipping  water  at  the 
bottom  and  dischar- 
ging at  the  top.  They 
have  no  pistons  or 
ascension  •  tube,  but 
are  like  one  very  com- 
mon form  of  the  noria 
of  Palestine.  The 
rope  of  the  latter, 
however,  owing  to 
;  the  poverty  of  the 
people,  is  made  of 
la-itnes  of  myrtle 
branches. 

Tlie  familiar  do- 
mestic chain  -  pump 
(a,  Fig.  1280)  acts  by 

—  continuous    rotation 

Chain  qf  Pots,  of     a    crank.      The 

disks   on    the  chain 

fit  as  nearly  as  mav  be  in  the  stock  which  they 

ascend,  and  thus  lift  the  water  in  a  continiious 


Chain- Pumps. 

wood  and  in  two  longitudinal  pieces,  the  hollow 
being  cut  half  in  each  piece,  and  the  sections  nailed 
or  bound  together. 

The  axis  of  one  wheel  is  supported  on  the  curb, 
and  the  other  on  a  post  in  the  bottom  of  the  well, 
or  on  a  scantling  lowered  fix>m  above. 

The  chain-pump  b  was  first  used  in  the  British 
navy  on  board  the  "Flora,"  in  1787.  As  now  used 
in  the  English  navy,  it  is  formed  of  a  long  chain 
which  carries  disks  at  intervals,  and  passes  over 
sprocket-wheels  above  and  below  ;  the  chain  passes 
down  a  tube  called  the  back-casing,  dips  into  the 
limber  where  the  bilge- water  collects,  and  up  through 
another  tube  at  whose  summit  is  a  cistern.  The 
upper  sprocket  is  turned  by  a  crank,  and  the  tube 
is  made  of  wood  lined  with  bi-ass.  The  links  are'  of 
iron,  and  each  piston  t;onsists  of  two  circular  braas 
plates  inclosing  disks  of  leather.  The  upper  de- 
livery is  into  a  pump-dale,  which  conducts  the 
water  over  the  side  of  tne  ship. 

The  chain-ptmps  {chapeleis)  used  by  the  architect 
Perron^t,  to  drain  the  coffer-dams  of  his  bridges  at 
Orleans  and  elsewhere,  were  worked  by  manual, 
horse,  and  water  power,  and  are  described  in  Cresy*8 
Encyclopeedia  of  Civil  Engineering.  The  bucket- 
wheel  he  used  at  the  bridge  of  Nenilly  is  described 
under  Nokia. 

The  tube  of  the  hand-worked  chapelet  c  was  ver- 
tical, 12  to  18  feet  in  length,  6  inches  in  diameter. 
Four  men  worked  the  winches,  and  were  relieved 
every  two  hours.  They  made  from  twenty  to  thirty 
turns  in  a  minute,  according  to  the  depth ;  600 
cubic  feet  of  water  were  raised  per  hour,  4}  feet  of 
the  chain  being  wound  round  at  each  revolution. 
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Another  of  Perronet's  chain-pumps  (d),  used  at  the 
bridge  of  Orleans,  was  worked  by  horse-power, 
twelve  at  a  time  being  employed,  and  making  140 


Fig.  1281. 


Chain- Pump, 

turns  per  hour.     The  pallets  acted  as  buckets,  and 
passed  at  the  rate  of  9,660  per  hour. 

The  same  master-wheel  drove  two  separate  chape- 
lets,  with  the  power  above  stated  ;  the  duty  referred 
to  being  accomplished  by  each. 

e  ia  &  section,  and  /  an  elevation,  of  another  of 
Perronet*8  chapelets  driven  by  a  water-wheel. 

Chains.      {Nautical.).    Iron  bars  bolted  to  the 
sides  of  the   vessel  and  holding  the  dead-eyes^  to 
which  the  lower  ends  of  the  shrouds  are  connected. 
Top-chavns  are  sling-chains  for  the  lower  yards. 
Chain-eaw.    1.  {Surgery.)    A  saw  whose  teeth 
are  jointed  links,  used  in  making  sections  in  deep- 
Fig.  1282.  seated  places   by  passing   the 

,-:      '. *,  saw  aroimd  the  bone  and  then 

/-''  \         back  again,  so  as  to  give  com- 

mand of  both  ends  to  the  oper- 
ator, who  draws  the  ends  back 
and  forth. 

2.  One  form  of  band-saw 
or  scroll-saw  is  also  made  of  sep- 
arate teeth  pivoted  or  hooked 
together. 

iCliain-«aw  Car'rler.  {Sur- 
gery.) A  hinged  and  hooked 
instrument  whereby  the  end  of 
the  chain-saw,  or  a  ligature,  by 
which  the  saw  may  be  drawn, 
is  passed  beneath  a  deep-seated 
bone,  and  so  far  up  on  the  other 
side  as  to  be  grasped  by  a  for- 
Omn-Saic  Carrier,     ceps. 


Chain-allot.  A  shot  formed  of  two  hemispheres 
or  spheres  connected  by  a  chain.  Invented  by  Ad- 
miral DeWitt,  1666.  Formerly  much  employed  for 
carrying  away  rigging  in  naval  actions.  They  were 
sometimes  fired  from  a  cannon  with  two  slightly  di- 
verging barrels,  united  at  the  breech,  forming  a  sin- 
gle chamber,  and  discharged  through  a  single  vent. 

Chain-«titoh.  1.  An  ornamental  stitch  resem- 
bling a  chain. 

2.  (In  sewing-machines.)  A  /o(>p-8titch  in  con- 
tradistinction to  a  /ocAr-stitch.  It  consists  in  loop- 
ing the  upper  thread  into  itself,  on  the  under  siae 
of  the  goods ;  or  using  a  second  thread  to  engage 
the  loop  of  the  upper  thread. 

The  double-chain  stitch  of  the  Grover  and  Baker 
machine  is  made  by  a  lower  thread  which  engages 
two  loops  of  the  upper  thread. 

One  K)rm  of  the  Wilcox  and  Gibbs  machine  makes 
a  double-loop  engagement  with  but  a  single  thread. 
See  Stitch. 

Chain-«top'per.  {Nautical.)  A  clamp  or  com- 
pressor to  keep  a  cable  from  veering  away  too  fast, 
or  to  lock  it. 

Chain-tirnHber.  1.  A  timber  of  large  dimensions 
placed  in  the  middle  of  the  hight  of  a  story,  for  im- 
parting strength. 

2.  A  bond  timber  in  a  wall. 

Chain-tO'w'ine;.  A  plan  for  canal-boat  propul- 
sion. A  chain  or  wire  rope,  five  eighths  of  an  inch 
in  diameter,  is  laid  on  the  bottom  of  the  water- 
course, but  passes  longitudinally  over  the  deck  of 
the  boat  to  be  drawn.  It  there  winds  upon  or  around 
a  wheel,  or  clip-drum,  five  feet  in  diameter,  the 
revolutions  of  which  draw  the  boat  by  a  pull  upon 
the  chain,  this  being  lifted  at  the  bow  and  let  down 
at  the  stem  of  the  vessel  as  the  latter  progresses. 
The  free  movement  of  the  chain  is  provided  for  by 
making  the  two  ends  of  the  boat  quite  low,  sloping 
nearly  to  the  water,  while  the  center,  where  the 
drum  is  situated,  is  elevated  to  a  considerable  hight. 
The  motive -power  is  supplied  by  a  steam-engine 
moving  its  crank -shaft,  connected  with  the  axle  of 
the  drum  by  s}iitable  spur-gearing. 

The  chain  system  is  now  in  use  on  the  Danube, 
on  the  Charleroi  Canal,  in  Belgium,  the.  Beveland 
Canal,  in  Holland,  and  the  Terneugen  Canal,  con- 
necting Ghent  with  the  Scheldt.  It  is  about  to  be 
adopted  on  the  Rhine,  to  facilitate  the  passage  of 
Bingen  Rapids,  and  on  the  Upper  Elbe. 

The  chain -towing  system  was  first  tried  in  France 
in  1732  by  Marshal  Saxe,  in  transporting  war-ma- 
terial. One  end  of  the  rope  was  fastened  at  a  point 
in  advance,  and  the  other  passed  round  the  dnim  of 
a  horse-windlass  on  board  the  boat.  When  the  fast 
end  of  the  rope  was  reached,  the  boat  was  moored 
until  the  rope  was  adjusted  for  another  pull.  Nearly 
a  century  after  this  —  in  1820  —  a  modification  of 
the  plan  was  put  in  regular  use  on  the  Rhone.  The 
boat  carried  a  steam-capstan  arranged  to  wind  alter- 
nately two  ropes.  Two  tenders  were  provided  to 
accompany  the  boat.  The  capstan,  winding  one 
rope  as  in  the  fonner  case,  drew  the  boat  forward 
and  at  the  same  time  unwound  the  other  rope  upon 
one  of  the  steamers,  which,  moving  in  advance, 
fixed  it  for  being  wound  in  its  turn  as  soon  as  the 
end  of  the  other  was  reached. 

The  grand  points  to  be  reachexl  by  this  device  are 
to  avail  steam  as  a  motor  and  save  the  necessitv  of 
tow-paths.  Modifications  of  the  system  have  long 
been  in  use  on  our  western  rivers,  and  they  are 
navigated  successfully  by  a  wire  rope  which  passes 
over  a  drum,  and  is  payed  out  over  the  stem,  as  just 
stated.    See  Towing. 

Chain-wales.   {Shipbuilding.)   Oneofthet^ej 
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or  thick  planks  bolted  to  the  ship's  sides  and  serv- 
ing for  the  attachment  of  the  chavM  to  which  the 
shrouds  are  connected.     ChanMoL 

Ghain-wheeL    The  «prockets  on  the  wheel  are 
adapted  to  reoeiye  the  links  of  the  chain  successively. 

Fig.l23& 


Chaii^Wud, 

The  power  may  be  communicated  by  the  wheel  to  the 
chain,  or  conversely.     The  former  is  shown  in  the 
familiar  chain-pump,  and  the 
Fig.  1284.  latter    in     machines    where 

the  operation  is  inverted ; 
the  column  of  water  pressing 
upon  the  buttons  attached  to 
the  chain  and  causing  them 
to  descend  in  the  tube,  there- 
by rotating  the  wheel. 

De  Yaucauson's  chain-pul- 
ley was  notched  on  its  penme- 
ter  and  worked  in  connection 
with  a  chain  having  toothed 
links. 
Another  form  (6)  is  an  open- 
(Tf^  ff'^j^      linked  chain  acting  in  con- 

JMl  S^A       nection  with  a  pin-wheel  or 

sprocket-whul. 
^^"1  (^      Fig.  1234  shows  the  appli- 

VV, '  cation  of  a  chain  to  driving 

III  several  wheels  in  different  di- 

— •''  ' '      rections. 

Ckahv-Wkeel  Chaln-work.    A  style  of 

textile  fabric  consisting  of  a 
succession  of  loops,  and  including  hosiery  ana  tam- 
bour-work. 

Chair.  1.  A  movable  seat  provided  with  a  back 
and  adapted  for  one  person. 

The  names  of  chairs  depend  upon  structure,  ma- 
terial, and  purpose :  — 

Barber*s-chair.    . 

Bath-chair. 

Camp-chair. 

Dentist's-chair. 

Enema-chair. 

Folding-chair. 

Invalid-chair. 

Locomotion-chair. 

Metallic-chair. 

Nursery-chair. 

Obstetrical-chair. 

Office-chair. 

Several  of  which  are  considered  under  their  alpha- 
betical heads. 

The  Egyptians  were  probably  among  the  first 
people  to  make  chairs.  The  originality  and  taste 
of  this  grand  nation  were  stupendous  and  glorious. 
On  the  tombs  at  Thebes,  Alabastron,  and  elsewhere, 
but  especially  the  former,  are  found  chairs  of  almost 
all  kinds  which  modem  ingenuity  has  revived. 
Thrones,  couches,  sociables,  folding,  reclining,  lazy- 
back  ;  leather-seated,  cane-seated,  split-bottom, 
made  of  ebony,  inlaid  with  metals  and  ivory,  with 
carved  backs,  sides,  and  1^ ;  with  claw-feet  and 


Pew-chair. 

Photographic-chair. 

Railway-chair. 

Reclining-chair. 

Revolving-chair. 

Rocking-chair. 

Sedan-chair. 

Sleeping-chair. 

SurgeonVchair. 

Tailor's- chair. 

Travelling-chair. 

Wire-chair. 


foot-pads,  and  upholstered  with  goreeous  coveiings 
resembling  the  rich  stuffs  of  modem  luxuiy. 

Fig.  1285  shows  how  little  in  the  way  of  luxoir 
was  left  to  be  desired  in  the  chair  line.  The  back 
consisted  of  a  frame,  receding  gradually  and  ter- 
minating at  its  sum- 
mit in  a  graceful  Wg.  1286. 
curve  supported 
from  without  by  t 
perpendicular  bars.  ^ 
Over  the  chair  was 
placed  a  handsome 
pillow  of  colored 
linen  or  wool,  paint- 
ed leather,  or  gold 
and  silver  tissue. 
The  upper  figure 
has  an  elaborately 
carved  frame,  the 
legs  of  which  are 
formed  of  crossed 
swords,  to  which  are 
tied  captive  figures 
of  different  nation- 
alities. The  bmtal 
mode  of  tying  was 
conutton  among  this 
people,  as  may  be 
seen  by  looking  at 
the  arawings  in 
Champollion,  Rosel- 
line,  Lepdus,  and  i 
the  "  Description 
de  I'Effypte."  The 
originaicolors  of  the 
chair-frames  are 
blue  and  gold  and 
red  and  gold  respec- 
tively ;  of  the  up- 
holstery, red  and 
gold  and  blue  and 
gold. 

Dn  Chaillu  de- 
scribes the  easy- 
chair  of  Obin^i,  a 
chieftain  of  the 
Ovenga  River,  in 
tiie  Gaboon  coun- 
try, Africa.  The 
Ovenga  is  the  name 
given  to  the  river 

Femand  Vas,  above  ^^yptitm  Fhutem'ls  {Jrom  tk«  liiiAt  of 
Goombl,  and  was  tke  Kings),  Ihebes,  Africa,  IfiOO  B  C 
travers^    by     the 

enterprising  traveler  Paul  B.  Du  Chaillu,  who 
walked  in  the  land  of  the  Gorillas  a  distance  of  8,000 

Fig.  1288.  • 


Obindji  m  his  Easy- Chair  ;   Gaboon^  AfHea,  A,  D.  1878. 
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miles  ;  shot,  stuffed,  and  brought  home  2,000  birds, 
killed  1,000  quadrupeds,  bringing  home  80  skeletons 
and  200  stuffed  akiiis.  As  an  interesting  item  hav- 
ing no  relevance  to  the  subject  of  chairs,  it  may  be 
mentioned  that  he  took  over  fourteen  ounces  of  qui- 
nine in  curing  himself  of  fifty  attacks  of  African 
fever. 

The  Egyptians  were  an  Asiatic  race,  and  it  may 
be  assumed,  both  from  the  probabilities  of  the  case 
and  from  the  fre(|uency 
Fig.  1287.  of  the  squatting  posture 

in  their  paintings  and 
bas-reliefs,  that  the  intro- 
duction of  the  chair  came 
in  the  progress  of  refine- 
ment. 

In  Fig.  1287,  a  repre- 
sents a  chair  now  in  the 
museum  of  I^eyden.  The 
back  and  legs  are  of  wood, 
the  seat  has  a  wooden 
frame  and  interlacing 
leathern  thongs.  The  seat 
is  only  13  inches  high. 
In  some,  the  interlaced 
material  is  cord.  Beneath 
the  feet  are  blocks  or 
pads,  probably  to  prevent 
nqise  in  moving  the  chair 
on  a  marble  floor. 

6  is  a  stool  made  on  the 
principle  of  our  camp- 
stools.  It  is  in  the  col- 
lection of  Mr.  Salt,  and 
probably  had  a  leather  or 
leopard-skin  cover.  The 
same  collection  has  an 
ebony  stool,  inlaid  w^th 
ivory.  The  cushion  is  of  leather,  and  is  ornamented. 
Many  other  illustrations  might  be  given,  did 
room  permit ;  but  we  must  be  content  with  referring 
the  reader  to  Wilkinson's  "  Customs  of  the  Ancient 
Egyptians,"  and  to  the  magnificent  work  on  Egypt, 
on  which  the  labor  and  enthusiasm  of  the  French 
nvaiis  was  so  liberally  bestowed  earlj  in  the  present 
century.  A  copy  is  in  the  Congressional  Library  in 
Washington,  and  other  copies  are  probably  to  be 
seen  in  some  of  the  libraries  in  the  large  cities.  It 
is  an  immense  and  voluminous  work. 

The  elaborate  chairs  referred  to  are  on  plate  89, 
Vol.  II.  of  the  plates,  "Description  de  VE^pte." 

In  a  tomb  of  the  time  of  Thothmes  III.,  the 
Pharaoh  of  the  Exodus,  1490  b.  c,  is  a  painting 
showing  a  couple  of  carpenters  at  work   making 

Fig.  1288. 


Egfi*ian  Chair  and  StooL 


Egyptian  Chair-Makers  (from  Thtbes). 


chairs.  One  of  them  is  using  a  bow-drill  to  bore 
holes  in  the  seat  for  the  braces  of  the  back -posts, 
an(i  the  other  is  engaged  finishing  a  leg,  scraping  it 
with  a  plate  or  sharp  instrument  in  a  delicate  man- 
ner, as  the  artist  is  careful  to  inform  ns  by  showing 
three  fingers  of  the  man's'  hand  in  a  raised  position. 
The  tenon  on  the  upper  end  of  the  chair-leg  is 


clearly  shown  in  the  one  he  is  holding,  and  also  in 
the  two  against  the  wall  and  that  leaning  against 
the  post  The  artist  has  also  introduced  two  adzes 
and  a  sauare.  The  blades  of  the  adzes  are  lashed 
to  the  nelve,  as  was  usual  with  them.  None  of 
their  axes,  hatchets,  or  adzes  had  eyes,  but  the 
blades  were  secured  by  being  partially  inserted  into 
the  helve  or  stock,  and  fastened  by  pins  or  thongs, 
or  both.  In  *  most  cases  the  metal  was  bronze  ;  in 
some  it  is  shown  to  be  iron  or  steel,  being  colored 
blue  to  indicate  that  metal,  red  representing  bronze. 

The  Egyptian  chairs  and  stools  were  from  10}  to 
28  inches  mgh,  —  quite  a  range,  but  probably  some 
were  intended  for  the  children,  others  to  be  used 
with  footstools. 

A  four-legged  stool,  with  a  seat  revolving  on  a 
bronze  pivot,  is  preserved  in  the  British  Museum. 
The  chair  is  inlaid  with  ivory,  and  the  seiEit  is  of  ma- 
roon-colored leather. 

**  Cambyses,  in  consequence  of  the  venality  of  the 
judge,  slew  and  flayed  eisamnes,  and,  cutting  his 
skin  into  strips,  stretched  them  across  the  seat  of 
the  throne  wnereon  he  was  wont  to  sit  when  he 
heard  causes.  He  then  appointed  Otanes,  the  son 
of  Sisamnes,  to  be  judge  m  his  father's  room,  and 
bade  him  never  forget  in  what  way  his  seat  was 
cushioned."  —  Herodotus,  V.  25. 

*'The  heroes  of  Homer  sit  at  their  banquets,  and 
do  not  lie  down.  And  this  was  the  case  at  the 
feasts  of  Alexander  the  King,  as  Dures  says.  For 
he  once,  when  giving  a  feast  to  his  captains,  to  the 
number  of  6,000,  made  them  sit  upon  silver  chairs 
and  couches,  having  covered  them  with  purple 
covers.  And  Hegesander  says  that  it  was  not  the 
custom  for  any  one  to  lie  down  at  a  banquet,  unless 
he  had  slain  a  boar  which  had  escaped  Deyond  the 
line  of  nets."  —  Athenjsus. 

The  fashion  of  reclining  at  banquets  came  from 
Persia. 

"  And  what  can  for  tired  limbs  compare 
With  the  soft  and  yieldine  ThestalUn  chair?  " 

Critus,  quoted  by  Athenseus  (a.  d.  220.) 

Fig.  1239  shows  the  chair  of  that  **  every  inch  a 
king  '  who  was  **  Defender  of  the  Faith  "  350  years 
ago,  and  "Head  of  the  Church"  about  thirteen 
years     afterward.      He 
did  not  suit  everybody  Fig- 1239. 

in  either  capacity.  He 
was  a  better  king  than 
some  better  men  have 
been. 

2.    (Railtoay.)    A 
foot-piece    or    base-  ^ 
plate  for  a  railway- 
rail,  bv  which  it  is 
secured  to  the  sleeper 

cross-tie.      The 

-rail,  as  at  first 

constructed, 

needed    such 

support  to  give 

it  stability  ;  the 

T-rail    with     a 

broad  foot-flange  Henry  F/i7.'«  Chmr. 

may  be    spiked 

directly  to  the  sleeper.     See  Railway-chair. 
3.  {Vehicle.)    A  kind  of  carriage.    Originally 
a  sedan  ;  now  a  small  carriage  for  a  single  person,  an 
invalid.     A  Bath-cYivAx. 

Chair-back  Ma-ohine^  These  machines  may 
be  band  or  jig-saws,  which  cut  out  the  curved  back- 
piece  which  is  placed  on  the  top  of  the  pillars  of  the 
chair-back.  Molding  or  rounding  machines  for  chair- 
backs  have  a  holder  for  the  stuff,  which  is  moved 
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against  a  rotary  cutter  of  peculiar  shape,  the  stuff 
traveling  in  a  prescribed  path,  so  as  to  receive  the 
conformation  desired. 

Scraping,  dressing,  and  polishing  machines  for 
chair-becks  are  similar  in  their  mode  of  presentation 
of  the  stuff,  but  differ  in  the  character  of  the  tool 
or  appliance  to  which  the  work  is  presented. 

C&air-bolt.  A  screw-bolt  for  fastening  down 
rail-chairs  to  the  sleepers. 

Chair-mcJc'er's  Saw.  1.  A  diminutive  form  of 
the  ordinary  frame-pit  saw,  in  which  the  blade  is 

Fig.  1240. 


Chaise.  A  vehicle  with  shafts  and  two  high 
wheels,  and  a  calash  top.  The  body  is  supported 
by  thorough -braces,  and  this  elasticity  resides  m  the 
long  shafts  and  the  bed-supporting  bars  which  ex- 
tend upwardly  and  backwardly  therefrom.  It  is 
said  that  Augustus  Imperator  contrived  this  mode  of 
hanging  a  carrii^e-body,  and  so  was  the  inventor  of 
the  chaise.  It  is  all  the  spring  yet  known  to  sev- 
eral kinds  of  Italian  vehicles. 

Chaiae-cart  A  light  cart  with  springs,  used  in 
various  light  employment,  where  goods  and  parcels 
are  to  be  expeditiously  conveyed. 

Chal'co-graph.  An  engraving  on  copper  or 
brass. 

Challoe.  A  cup.  The  drinking-vessel  which 
holds  the  wine  of  the  comnmnion  service. 

Chalk--line.  A  cord  rubbed  with  chalk  or  simi- 
lar material,  used  by  artificers  for  laving  down 
straight  lines  on  the  material  as  a  guide  for  a  cutting 
instrument. 

The  Japanese  use  a  wooden  cup  with  a  sponge 
saturated  with  india-ink,  and  having  holes  bacK  and 
front  through  which  the  line  passes.     At  one  end  of 

Fig.  1241 


Otair'Stujf  Sawing- Machine. 

strained  by  buckles  and  wedges.  The  work  is  clamped 
to  the  bench  while  sawing. 

2.  A  scroll-saw  especially  adapted  for  getting  out 
chair-stuff,  such  as  backs  and  legs  which  have  curves 
which  cannot  be  readily  bent,  or  of  stuff  which  can- 
not be  readily  bent  to  shape. 

Chalr-or'gan.  {Music.)  A  cAotV-organ  placed 
in  a  separate  case  in  front  of  the  great  organ  and  at 
the  back  of  the  performer. 

Chair-seat  bor'ing-ma-ohine'.  Machine  for 
the  systematic  and  rapid  boring  of  the  small  verti- 
cal holes  in  a  chair-seat  frame,  to  be  occupied  by 
the  strips  of  cane  or  rattan,  or  the  larger  holes  for 
thepillars  and  spindlos  of  the  back. 

Cnair-seat  Ma-ohine'.  These  include  the 
planing-machines,  by  which  the  wooden  bottoms  of 
chairs  ai*e  rounded  out.  The  depth  of  penetration 
is  governed  by  side  guides,  which  raise  and  lower  the 
bed  relatively  to  the  revolving  cutter,  or  the  latter 
relatively  to  the  bed  which  carries  the  chair-seat. 
Lenman's  machines  for  hollowing  chair-seats  have 
a  pattern  seat  over  which  a  governing  ball  is  moved, 
determining  the  depth  of  penetration  of  the  rotary 
cutter  beneath,  as  it  passes  over  the  chair-seat  stuff. 

Machines  are  also  constructed  for  cutting  grooves 
in  chair-seat  frames  for  upholstering  purposes,  or 
to  receive  the  chair-seat  wnich  is  pressed  into  the 
frame. 

Chair-spring.  A  spring  underneath  the  hinged 
seat  of  a  chair,  which  gives  it  a  certain  resilience, 
and  encourages  a  tilting  or  rocking  motion. 

Springs  are  sometimes  placed  beneath  the  front 
legs  to  give  a  tilting  motion. 

Chair-web.    A  kind  of  saw.     A  scroll-saw. 


Chalk-Line  Holder, 

the  line  is  a  small  awl,  and  this  he  sticks  in  the 
work  at  one  end  of  the  proposed  line,  then  steps 
back  and  lets  the  line  pay  off.  the  reel,  passing 
through  the  ink  in  the  cup.  He  then  snaps  the 
line,  and  walks  back  reeling  up  the  line. 
'  Somewhat  similar  is  our  cnalK-line  holder,  in  which 
the  cord  passes  from  the  reel  C,  through  the 
block  of  chalk  H^  and  is  automatically  rewound  by 
the  spring  in  the  barrel  O  and  the  train  of  gearing 
ED. 

A  spindle  or  barrel  on  which 

See  Chalk -LINE. 

An  elegant  dress  article  of 


Chalk-line  ReeL 

a  chalk -line  is  wound. 
Chal'lis.    (FabHc.) 


silk  warp  and  worsted  vam  ;  introduced  in  1832. 
It  is  made  on  a  principle  similar  to  the  Norwich 
crape  ;  only  thinner  ana  softer,  and  having  a  pliable 
ana  clothy  dress  instead  of  a  glossy  surface. 

Cham4>er.  1 .  The  pkce  where  a  change  of  pow- 
der is  lodged  in  a  fire-arm,  cannon,  mine,  or  blast- 
hole.  Howitzers  and  mortars  have  sub-caliber  cham- 
bers. 

2.  {HydratUic  Engrmtfring.)  The  space  between 
the  gates  of  a  canal-lock. 

3.  {Vehicles.)  An  indentation  on  the  inner  sur- 
face of  an  axle-box,  to  hold  grease. 

4.  An  apartment  where  sublimed  objects  are  de- 
posited, as  sulphur,  lamp-black,  arsenic,  zinc-white, 
mercury,  and  other  condensible  fumes. 

5.  {Dyeing.)     A  form  of  apparatus  for  steaminff 

Frinted  cloths,  to  fix  the  colors.  (See  Steam -colors.) 
t  is  about  12  X  9  feet,  and  9  feet  high,  the  interior 
furnished  with  frames  which  run  in  and  out  upon 
rollers  when  the  front  door  is  open.  The  frames 
have  cross-rods  provided  l^'ith  tenter-hooks  for  sus- 
pending the  clotns. 

6.  {Founding.)  a.  The  portions  of  a  mold  which 
contain  the  exterior  form,  and  which  are  closed  over 
the  core  in  casting  hollow-ware. 
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b.  An  inclosed  space,  as  the  fire-chamber  of  a  fur- 
nace. 

7.  A  short  piece  of  ordnance  for  making  a  noise 
at  celebrations. 

8.  The  part  of  a  pump  in  which  the  bucket  or 
plunger  works. 


?lg.  1242. 


Chamber' Closet, 


9.  A  urinal  for  the 
bedroom. 

Chamnber-clos'et 
A  commode  or  night- 
chair  for  invalids  and 
the  infirm.  The  seat 
has  a  funnel  which  en- 
ters the  urinal,  and 
india-rubber  packing 
prevents  the  escape  of 
effluvia.  See  Earth- 
closet. 

Chamnber  -  ga§;e. 
{Ordiiance.)  One  used 
in  verifying  the  size  of 
a  howitzer  or  mortar- 
chamber. 
A  kind  of  ffinghara  ; 


Cham-bray'.     {Fabric.)     

plain  colors,  linen  finish,  ladies'  di-ess-goods. 

Cham'fer. 

Fig.  1248. 


A 
slope 


mw^. 


E 


bevel  or 
conferred  upon 
an  edge  which 
was  originally 
rectangular. 

a,  chamfered 
hole  to  receive  a 
screw-head. 

6,  a  chamfered 
pin. 

c,  a  chamfered 
rod,  ready  for 
welding  into  a 
link. 

df  harness- 
maker's  chamfer- 
ing-tool. 

Cham'fer- 
ing-bit  A  bor- 
ing-tool vrith  a 
conical  cutter 
adapted  to  cham- 
fer the  edge  of  a 
hole  to  enable  it 
to  receive  the 
head  of  a  screw. 
See  Bit. 

Cham'fer-ing-tooL  {Saddlery.)  A  tool  (</, 
Fig.  1243)  for  paring  down  the  thickness  of  a  leath- 
ern strap  near  the  edge,  making  a  chamfer. 

It  is  called  thinning  the  edge,  and  is  sometimes 
preliminary  to  sewing,  and  at  other  times  to  fitting 
the  edge  into  its  place  in  the  harness. 

Chun'fret.  1.  {Carpentry.)  A  groove  or  fur- 
row. 

2.  A  bend  produced  by  cutting  off  the  edge  of  a 
right  angle.     See  Chamfer. 

Cham'fret-ing.  {Buildivg.)  The  splay  of  a 
window,  etc. 

Cham'ois.  {Shammy;  chamois-leather.)  The 
name  indicates  that  this  leather  is  made  from  the 
skin  of  the  chamois  {Rupicapra  iragus)^  but  the 
skins  of  sheep,  goats,  deer,  calves,  and  the  split  hid(« 
of  other  anhnals,  are  used  for  the  making  of  this  kind 
of  leather  ;  the  superior  kinds  of  which  are  called 
chamois,  and  the  infeiior,  wash-leather. 

The  skins  are  unhaii-ed  in  a  lime- vat,  and  scra})ed 
on  a  beam  in  the  oixlinary  way.      The  lime  is  re- 


Chavnfm. 


moved  in  a  bath  by  lactic  or  acetic  acid,  and  the 
skins  are  then  frizzed. 

This  process  consists  in  rubbing  the  skins  with 
pumice  or  the  blunt  end  of  a  round  knife,  un- 
til the  grain  is  removed,  the  skin  softened,  and  re- 
duced to  an  even  thickness  throughout. 

The  skins  are  then  pressed  to  expel  water,  fulled 
bjr  wooden  hammers,  spread,  treated  wjith  oil, — fish- 
oil  being  preferable,  —  rolled  upandaffain  fulled,  to 
distribute  the  oil  throughout  the  bundle.  They  are 
then  taken  out,  unfolded,  dried,  re-oiled,  and  again 
rolled  and  fulled.  These  processes  are  repeated  till 
the  effect  is  fully  accomplished,  heat  being  applied 
during  the  latter  portion,  by  means  of  suq)ending 
the  skins  in  a  store-room. 

Superfluous  oil  is  removed  by  a  short  steeping  in 
a  dilute  alkaline  lye  ;  the  skins  are  then  wrune, 
dried,  suppled  by  stretching,  and  polished  by  i-ofl- 
ing. 

Cham-pign'on-raiL  {Railroad  Engiiieering.) 
One  having  a  rounded  upper  surface. 

Chan'ceL  That  part  of  the  choir,  or  eastern  part 
of  a  church,  between  the  altar  or  comuiunion-table 
and  the  rail  that  incloses  it. 

Chan-de-lier^  A  frame  with  branches  to  hold 
candle-sockets.  The  word  now  includes  a  frame 
with  gas  branches,  though  the  latter  is  technically 
a  gasalier, 

A  chandelier  in  the  palace  of  the  Khalif  of  Cor- 
dova, A.  D.  1100,  contained  1,084  lamps.  Cordova 
was  then  the  intellectual  center  of  Europe,  and  the 
royal  dwellinffs  of  Germany,  France,  and  England 
were  like  stables. 

2.  An  obsolete  term  for  a  movable  frame  of  fas- 
cines to  cover  a  working  party. 

Change'a-ble  Gage-truck.  A  means  of  ad- 
justing wheels  to  different  gages  of  tracks,  by  mak- 
ing the  wheels  adjustable  on  the  axles.    The  airauge- 

Flg.  1244. 


Changeable  Gagt-Truck. 

ment  is  shown  in  Fig.  1244  ;  one  wheel  in  section, 
the  other  in  elevation.  The  two  views  below  the 
truck  are  sections  transversely  of  the  axle.  The 
wheels  are  cast  with  an  elongated  hub  of  sleeve  b 
projecting  inwards,  in  which  there  are  two  slots,  and 
in  the  axle  there  are  cx)rre^x>nding  recesses  which 
admit  of  the  wheels  being  firmly  fixed  to  the  axle  by-» 
means  of  V-shaped  wedges  or  blocks  d  d.  Two  in- 
dia-rubber banas  or  rin^  /  /,  fitting  tightly,  are 
placed  over  the  openings  in' the  sleeve,  thus  holding 
the  wedges  in  position  ;  and  they  are  farther  secured 
by  a  s))lit-pin  with  curved  ends,  which  is  passed 
lengthwise  through  the  sleeve  and  wedges,  and  ex- 
pands at  the  inner  end  in  an  enlarged  of)ening.  As 
an  additional  security,  also,  there  is  a  set-screw  g 
passing  through  the  sleeve,  which  is  made  to  press 
upon  the  split-pin,  thus  preventing  the  possibility 
of  the  latter  ever  being  jerked  or  shaken  out  whilst 
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ranning.  The  gage  is  changed  by  merely  removing 
the  wcSges,  and  then  passing  the  wagons  over  a 
converging  or  diverging  track,  as  the  case  may  be, 
and  the  usual  time  occupied  in  changing  is  from  five 
to  ten  minutes  for  each  car. 

Change-pump.  A  nump  introduced  by  the  suc- 
cessors of  Boulton  and  Watt  in  connection  with  the 
boilers  of  sea-going  vessels,  in  order  to  keep  a  con- 
tinual change  in  the  body  of  water,  removing  the 
tuper-salted  water  and  substituting  sea  water. 

The  chauKe-pump  has  been  superseded  by  the 
blow-off  COCK,  which,  being  turned  at  intervals, 
allows  a  portion  of  the  super-salted  water  to  escape 
overboard.  External  condensation  and  fresh-water 
boiler-supply  are  now  the  mode. 

Change-wheeL  {Machinery.)  Change-wheeh, 
having  varying  numbers  of  cogs  of  the  same  pitch, 
are  used  to  connect  the  main  arbor  of  the  lathe 
with  the  feed-screw,  so  as  to  vary  the  relative  rates 
of  rotation  and  consequently  the  pitch  of  the  screw 
to  be  cut. 

The  first  application  of  change-wfieels  to  a  lathe  is 
supposed  to  nave  been  in  a  fusee-cutting  lathe,  de- 
scribed in  a  work,  1741.  The  change- wheels  are 
intermediate,  and  joumaled  in  a  bracket,  which  per- 
mits them  to  be  brought  into  engagement  with  the 
rotative  and  feed  wheels  respectively.  See  ScuEW- 
CUTTINQ  Lathe  ;  Enqine-lathe. 

Ghan'neL  1.  {Shipbuilding.)  Chain'WCLU.  A 
flat  ledge  of  wood  or  iron  projecting  outward  from 
the  ship's  side,  for  spreading  the  shrouds  or  standing 
rigging  at  each  side  of  the  masts,  and  protecting  the 
chain-plates.  The  channels  are  at  the  level  or  the 
deck  beams. 

2.  (Nautical.)    The  rope  track  in  a  tackle-block. 

8.  (Boot-making.)  The  cut  in  the  sole  of  a  boot 
to  hold  the  thread  and  allow  the  stitches  to  sink 
below  the  surface  of  the  sole. 

4.  A  long  groove  cut  in  a  stone  on  a  line  where  it 
is  to  be  spht. 

5.  {Mining. )    An  air  conduit  or  pipe,  to  con- 
duct air  into  a  mine. 

6.  {Founding. )    A  trough  to  conduct  melted 
metal  to  the  pig-bed  or  mold.  {  ; 

Chan'nel-ing.  {Architecture.)  Perpendicu-  |  i 
lar  channels,  or  cavities,  cut  along  the  shaft  of  |  \ 
a  column  or  pilaster.  '-■ 

Chan'nel-ing-ma-ohine'.     1.     (Boot-making.) 

One  for  cutting 
f^'  1246.  the  channels  in 

boot-soles,  to 
allow  the  thread 
to  bury  itself  in 
the  leather  and 
be  protected 
from  immediate 
wear.  It  con- 
fdsts  of  a  knife, 
which  makes 
an  oblique  cut 
12  in  the  sole,  to 
a  gaged  depth 
and  reffulated 
as  to  distance 
from  the  sole- 
edge  by  a  g^ide. 
In  the  exam- 
ple, the  sole 
rests  upon  the 
roller  B  and  its 
edge  against  the 
SoU  Chann$iing-Maehin€.  ffuide  ;     it    is 

then       pressed 
forward  against  the  knives.     One  of  the  latter  is 


presented  obliquely  upon  the  surface  of  the  sole,  and 
cuts  the  channel ;  the  other  has  an  oblique  (nearly 
opposite)  presentation,  and  slices  off  the  upper  edge 
of  the  sole,  leaving  it  beveled. 

2.   (Stone-iDorking.)    A  machine  having  a  series 
of  jumpers   or 

chisels  which  Fig.  12i6. 
make  a  groove 
across  the  face  of, 
a  block  in  the 
quarry,  or  de- 
tached. In  the  il- 
lustration shown, 
the  machine  has 
a  gang  of  cutters 
operated  by  direct- 
acting  steam-cyl- 
inder. The  cut- 
ters have  direct 
motion  from  the 
piston.  The  valve 
IS  reversed  at  the 
blow  of  the  cut- 
ters ;  or,  in  case 
of  no  blow  being 
given,  it  is  re- 
versed before  the 
cylinder  -  bottom 
is  touched  by  the 
piston.  The  cut- 
ter-bar is  adjust-  "  

able  on  the  cylin-  Sume  Channeling-Uadum*. 

der-bar,  to  suit  the 

depth  of  groove  cut.  The  whole  mechanism  is 
mounted  on  verticallv  adjustable  rollers,  and  the 
feed-device  is  operated  from  the  cross-head. 

Chan'nel-ing-toolf    A  tool  used  for  cutting  a 
channel  near  the  edge  of  a  piece  of  leather,  so  as  to 
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ChanneUng^  Tool. 

hide  the  sewing.  Used  in  making  round  work,  such 
as  running  reins,  whips  ;  also  in  sinking  grooves  in 
shoe-soles,  to  hide  the  stitching.  The  cutter  is  ad- 
justable on  the  shank,  for  penetration,  and  the  guide 
at  the  end  to  gage  the  distance  of  the  channel  from 
the  edge  of  the  leather. 

Chan'nel-4'roii.  1.  A  form  of  angle-iron  having 
a  web  with  two  flanges  extending  only  on  one  side 
of  the  web. 

2.  (Building.)  A  brace  or  hook  to  support  the 
guttering. 

Chairnel-wale.  (Shipbuilding,)  One  of  the 
strakes  between  the  ports  of  the  gun -deck  and  up- 
per deck  of  large  vessels. 

Chant'er.  (Music. )  The  tenor  or  treble  pipe  of 
a  bagpipe. 

C&antlate.  (Building.)  A  projecting  part  of 
the  roof-sheathing  at  the  eave,  to  carry  the  drip 
clear  of  the  wall. 

Chap.  A  check  of  a  viae.    One  of  the  jawa.   Chop. 

Chape.  1.  The  catch  or  pieqe  by  which  an  ob- 
ject is  attached,  — to  a  belt,  for  instance ;  as  the  piece 
of  leather  known  specifically  as  the  frog,  to  which 
a  bayonet-scabbard  is  attached,  and  which  slides  on 
the  belt ;  or  a  piece  used  to  fasten  a  buckle  to  a  strap 
or  other  piece  of  leather. 


Digitized  by 


Google 


i 


CHAPELET. 


527 


CHARGE. 


2.  A  plate  on  the  back  of  a  buckle,  or  the  bar  of  a 
buckle,  oy  which  it  is  attached  to  a  belt. 

8.  The  hook  of  a  scabbard. 

4.  The  plate  at  the  point  of  a  scabbard.    The  tip, 

Chap'el-et.  1.  (Hydraulic  Engineering.)  a. 
A  dredging  or  water-raising  machine,  consisting  of  a 
chain  provided  with  scoop  or  scuttles,  or  with  pal- 
lets traversing  in  a  trough  ;  the  chain  moving  over 
rollers  or  wheels,  of  which  the  upper  one  is  driven 
by  power,  and  the  lower  one  is  vertically  a^ustable 
so  as  to  regulate  the  position  of  the  scoops  or  pallets, 
to  bring  them  against  the  mud  to  be  lifted,  or  to 
submerge  them  in  the  water  to  be  raised.  See  Chain- 
pump  ;  Dredging-macuine. 

6.  A  French  name  for  the  chain-pump  in  which 
the  cushions  or  buttons  wliich  occur  at  intervals  on 
the  chain  are  compared  to  the  beads  of  the  rosary. 
Hence  also  known  as  paternoster  pumps. 

2.  {Saddlery.)  A  pair  of  straps  with  stirrups, 
joined  at  the  middle  and  secured  to  the  fiume  of  the 
saddle. 

Chaplet.  (Architecture. )  A  small  molding  dec- 
orated with  round  or  oblong  beads  or  other  similar 
forms. 

Char'ooaL  Charcoal  consists  of  wood  burned 
with  but  little  access  of  air.  Billets  of  wood  are 
built  into  a  heap,  which  is  covered  with  earth  or 
sand.  The  heap  is  fired  at  openings  left  near  the 
bottom  of  the  pile,  and  the  gases  escape  at  small 
openings  above. 

For  making  fine  charcoal,  such  as  that  of  willow, 
used  in  the  manufacture  of  gimpowder,  the  wood  is 
burned  in  iron  cylinders,  or  rather  retorts,  in  which 
a  process  of  destructive  distillation  removes  the  vol- 
atile hydrocarbons,  pyroligneous  acid,  etc.  By  this 
more  perfect  means  the  process  is  accurately  regulated.. 

Charcoal  is  used  in  the  arts  as  — 

A  fuel.  A  polishing  powder. 

A  table  on  which  pieces  of  metal  are  secured  in 
position  to  be  soldered  by  the  blow-pipe. 

A  filtering  material. 

A  defecator  and  decolorizer  of  solutions  and  water. 

An  absorbent  of  gases  and  aqueous  vapors. 

A  non-conducting  packing  in  ice-houses,  safes,  and 
refrigerators.       • 

An  ingredient  in  gunpowder  and  fire-works. 

In  the  galvanic  battery  and  the  electric  light. 

Char'coal,  An'i-maL  {Sygar-refining.)  Ani- 
mal charcoal  is  prepared  by  calcining  bones  in  closed 
vessels.  These  are  either  retorts,  similar  to  those  in 
which  coal  is  distilled  for  the  production  of  illumi- 
nating gas,  or  they  are  earthenware  pots  piled  up  in 
kilns  and  fired.  Charges  of  fifty  pounds  of  bones  to 
a  pot  will  require,  say,  sixteen,  nours  of  firing.  The 
bones  are  then  ground  between  fluted  rollers,  the 
dust  removed,  and  the  granulated  maferial  used  for 
charing  the  filters  of  the  sugar-refiner.  The  mate- 
rial IS  used  for  removing  color,  feculencies,  and  fer- 
menting ingredients  from  the  syrup.  See  BoNi- 
BLACK  Furnace. 

Char'coal-oool'er.  A  wire  cylinder  in  which 
animal  charcoal  is  agitated  and  cooled,  after  revivi- 
fying, while  a  current  of  air  carries  ofl'  the  noxious 
gases. 

Char'coal-fil'ter.  A  filter  charged  with  ordi- 
nary or  animal  charcoal  for  domestic  use,  or  with  an- 
imal charcoal  for  use  in  the  sugar-house  or  refinery. 

The  filter  for  the  removal  of  feculent  and  other 
matters  held  in  suspension  in  the  clarified  cane-juice 
is  a  high  cylindrical  vessel  charged  with  bone-black. 
Upon  the  perforated  bottom  a  filter-cloth  is  spread, 
and  upon  this  a  layer  of  bone-black  is  tightly  packed ; 
over  tnis  the  main  body  of  animal  charcoal  C  is  piled 
in  loosely.     Another  clotli  and  a  perforated  plate 
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oring-matter,  excess  Outrcoai-FiUer. 

of  lime  derived  from 

the  clarifying,  mineral  salts,  and  particles  in  a  fer- 
menting stage. 

Char'coal-ftir'iiace.  A  furnace  for  producing 
charcoal  by  the 

dry  distillation  Mg- 1249. 

of  wood,  and  for 
the  collection  of 
the  tar  and  py- 
roligneous acid 
resulting  there- 
from. 

The  air  pass- 
es in  between 
the  bars  of  the 
gnCte,  and  is 
regelated  as  to 
quantity'  by  a 
closely  fitting 
ash-pit  door. 
The  wood  is 
built  in  at  the  ■ 
openings  a  6, 
and  the  char-' 
coal  extracted 
at  a.  When 
sufficient  heat 
has  been  ob- 
tained, the  ac-  „ 
cess  of  air  is  '^ 
prevented,  and 

the    carboniza-  Charcoal-FMmae*. 

tion    proceeds, 

the  volatile  matters  passing  off  at  the  neck  above,  to 
be  collected  and  separated.  The  lower  fig^  shows 
the  mode  of  building  a  charcoal -heap.  A  is  the  cen- 
tr^post,  S  an  earthen  covering. 

Char'ooal-point.  A  pencu  of  carbon  prepared 
for  use  in  the  electric-liffht  apparatus. 

Charga  1.  The  body  of  ore,  metal,  fuel,  oroth- 
er  matter  introduced  into  a  furnace  at  one  time,  for 
one  heat,  or  one  run,  as  the  case  may  be. 

The  charge  of  a  puddling-fumace  is  about  600 
pounds  of  pig-iron,  and  this  forms  4  blooms. 

The  charge  of  a  gas-retort  is  220  pounds,  intro- 
duced in  two  scoopfuls  of  110  pounds  each. 

The  charge  of  a  tumbling-box  is  as  many  oastings 
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or  other  matters  as  it  will  conveniently  contain  and 
give  room  for  mutual  attrition. 

The  charge  of  an  amalgamating  pan  is  according 
to  size.     They  vary  from  4^  to  6  feet  in  diameter  ; 
some  work  off  two  tons  in  twenty-four  hours,  others 
a  charge  of  1,400  pounds  in  three  or  four  hours. 
And  so  on. 

2.  The  amount  required  to  furnish  an  implement 
or  machine  for  a  single  operation  ;  as,  — 

The  charge  of  a  gun.  The  service-charge  for 
smooth-bored  guns  may  be  ^  to  ^  the  weight  of  the 
projectiles.  For  hot-shot  and  ricochet  liring  these 
charges  are  reduced.  Rifled  g^ns,  avoiding  wind- 
age, require  a  smaller  charge  than  smooth-bores. 
The  service-charge  of  the  Armstrong  gfun  is  one 
eighth  the  weight  of  the  projectile. 

In  the  navy  three  charges  ai-e  used :  distant,  full, 
and  reduced. 

The  weight  of  a  gun  ranges  in  smooth-bores  from 
500  to  700  times,  and  in  rifled  guns  from  600  to  800 
times,  the  weight  of  the  service- charge  of  powder. 

The  weight  of  the  carriage  (shipboard)  is  about 
one  fifth  that  of  the  gun.  The  weight  of  the  spheri- 
cal shot  is  about  four  times  that  of  its  service-charge  ; 
and  of  cylindrical  shot,  eight  times.  The  weight 
of  the  cast-iron  sphere,  in  pounds,  is  equal  to  the 
cube  of  the  diameter,  in  inches,  multiplied  by  0.134 
nearly.  Weight  of  a  steel  sphere,  in  pounds,  is 
'  equal  to  cube  of  diameter,  in  inches,  multiplied  by 
0.148  nearlv. 

The   explosive  energy  of  gunpowder  completely 
burned  is  estimated  at  from  240,000  to  300,000  foot 
pounds,  per  pound  of  powder.     Owing  to  incomplete 
combustion,  and  other  causes  of  loss,  its  energy  com- 
municated to  cannon-shot  is  considered  to  be  from 
144,000  to  192,000  foot  pounds,  per  pound. 
The  velocity  is  thus  calculated  :  — 
**  Divide  the  energy  due  to  the  jwwder  by  the 
weight  of  the  shot  ;  the  (|uotient  is  a  hight  in  feet 
which  is  to  be  multiplied  by  64.4  ;  the  square  root 
of  the  product  will  be  the  initial  velocity  of  the  shot 
in  feet  per  second."  —  Rankinr. 
p1r1260  Char'ger.    "i.  (Mining.)  •  A 

'  —  spiml  instrument  for  charging  hori- 

zontal blast-holes. 

2.  A  device  for  dropping  into 
the  bore  of  a  fowling-piece  from  a 
shot-belt  or  pouch  a  gaged  quantity 
of  shot.  By  forcing  down  the 
plunger  the  communication  with 
the  pouch  is  closed,  and  the  charge 
is  allowed  to  pass  to  the  tul^, 
which  conducts  it  to  the  gun.  The 
piston-head  is  adiustable,  to  vary 
I  the  capacity  of  the  charge-cham- 
ber. 

Charl-ot    1.  An  ancient  two- 
wheeled  vehicle,  drawn  by  horses 
attached  to  a  pole,  and  used  in  state 
Gum-Charger,     processions,  in  warfare,  and  for  ra- 
cing. 
The  Egyptian  chariot  was  light,  made  principally 
of  wood,  and  rested  on   an  axle   upon  which  the 
wheels  were  secured  by  linch-pins.     In  many  cases, 
however,  it  would  appear  that  the  wheels  were  fixed 
to  the  axle,  which  turned  with  them.     The  floor  of 
the  car  was  sometimes  made  of  latticed  thongs,  to 
give  it  a  certain  amount  of  elasticity  to  the  rider, 
who  always  stood,  unless  he  sat  on  the  edge,  as  the 
car  had  no  seat.     The  body  was  strengthened  with 
leather  and  metallic  bands.     The  pole  was  inserted 
into  the  middle  of  the  axle,  and  rested  in  front  upon 
saddles  which  bore  upon  the  withers  of  the  horses  and 
were  secured  in  place  by  collars  and  belly-bands. 


The  chariots  had  invariably  two  wheels,  which  were 
strengthened  at  the  junctions  of  the  fellies  by  bronze 
bands  and  bound  with  metallic  tires.     In  some  cases 

Fig.  1251. 


Egyptian  Chariot  {WiUeifuon). 

the  fellies  appear  to  have  been  made  by  bending  a 
single  strip  around  a  former.  The  pole,  according 
to  Homer,  was  about  13^  feet  long,  and  the  yoke 
was  attached  to  it  by  a  strap  and  a  pin,  and  sometimes 
was  connected  by  a  single  trace  to  a  part  nearer  to 
the  chariot.     No  double  traces  are  noticed. 

The  accompanying  cut  shows  the  war-chariot  with 
all  its  rigging,  bow- 
cases.  Quivers,  and                     Fig.  1262. 
maces.  The  arrange- 
ments are  graceful, 
and  the  omamenta-  i 
tion  is  florid.   Char-  ] 
lots  represented  on  ^ 
the  ruins  at  Persep-  • 
olis  are  the  same  m 
essential  points  of 
construction.     The 
horses  are  hitched 
by  a  yoke  to  the 
carriage  -  pole,    the 
saddles  resting  on 
the  withers,  as  be- 
fore stated  in  regard 
to    the     Egyptian 
mode. _ 

A  four  -  wheeled  Egyptian  Wiir- Chariot  {Jtom  AcAul 
hearse    occurs    on 
several  of  the  tomb-paintings  in  Egypt.   See  Hearse. 

Fig.  1253,  from  Wilkinson,  represents  an  ancient 
Scythian  car  actually  found  in  E^gypt  and  preserve^ 
in  the  Florentine  Museum.     It  is  Delieved  to  have 


Fig.  1258. 


Scythiam.  Chariot. 


been  taken  as  a  spoil  from  Scythia  by  the  Egyptian 
conoueror.  # 

War-chariots  do  not  appear  in  any  Egyptian  mon- 
uments prior  to  the  eighteenth  dynasty. 

The  price  of  an  Egyptian  chariot  in  the  time  cf 
Solomon  was  600  shekels  of  silver,  about  $300  ;  an 
immense  price,  considering  the  then  value  of  money. 

The  first  horses  and  cnariots  are  represented  at 
Eileithyias  at  the  time  of  Ames  or  Amosis,  about 
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1510  B.  c.  They  do  not  appear  to  have  been  used 
in  Egypt  during  the  time  ofthe  Osirtasens. 

Herodotus  says  that  **  the  Greeks  learnt  from  the 
Libyans  to  yoke  four  horses  to  a  chariot "  (IV. 
189).  It  is,  however,  mentioned  by  Homer  (Iliad, 
viii.  186  ;  Odyssey,  xiii.  81). 

In  the  Assyrian  chariots  a  snare  horse  was  some- 
times attached  hy  a  single  inside  trace  to  the  chariot. 
The  Lydians,  it  is  said,  had  sometimes  several  poles 
to  their  chariots  and  horses  between  each.  This 
resembles  the  modem  shafts.  The  origin  of  shafts, 
however,  must  be, looked  for  in  another  direction. 
In  the  primitive  form,  shafts  consisted  of  a  pair  of 
poles  attached  by  girth  and  breast-band  to  the  sides 
of  a  horse  and  dragging  behind.  The  load  was  laid 
upon  the  rear  end.  Thus  the  North  American  In- 
dians move  their  lodges. 

In  the  triumphal  procession  of  Ptolemy  Philadel- 
phus  were :  — 

24  chariots  drawn  by  4  elephants  each. 

60  chariots  drawn  by  2  goats  each. 

12  chariots  drawn  by  antelopes. 

7  chariots  drawn  by  oryxes. 
15  chariots  drawn  by  butfaloes. 

8  chariots  drawn  by  2  ostriches  each, 
7  chariots  drawn  by  gnus. 

4  chariots  drawn  by  2  zebras  each. 
4  chariots  drawn  by  4  zebras  each. 
On  all  these  animals  rode   boys  wearing  wide- 
awake hats  (petasii). 

The  chariot  of  the  Greeks  and  Romans  had  two 

'  wheels,   and  but  one 

Fig.  1254.  pole  usually,  although 

)    some  of   the    Lydian 

chariots  had    two    or 

even  three  poles. 

The  body   had   an 
elevated  forward  por- 
'    tion,  answering  to  our 
dash-board,  and  called 
the  an(jyx.     The    an- 
nexed cut  a  is  from 
an  ancient  chariot  pre- 
^  served  in  the  Vatican. 
The   body  was   some- 
times   of   light  open- 
^  work,     or     even     of 
Roman  Chariot.  wicker. 

The  pole  was  the 
sole  means  of  draft,  and  was  mortised  into  the  axle. 
Two  horses  were  always  used.  If  more  were  added, 
each  was  attached  by  a  trace  on  the  side  towards 
the  pole-horses.  The  yoke  was  attached  by  a  pin 
to  the  pole,  and  rested  just  in  front  of  the  withers 
of  the  horses.  They  pulled  by  the  yoke,  which 
was  secured  by  breast-bands  and  surcingles  to  the 
animals.    See  Harness. 

This  mode  of  drawing  was  universal.  The  lateral 
horse  had  a  collar,  from  whence  the  trace  passed  to 
the  rim  of  the  car. 

One  exception,  perhaps,  must  be  made.  It  is 
possible  that  the  Roman  cisium,  a  kind  of  gig,  had 
shafts,  and  was  drawn  by  one  horse. 

The  axle  was  usually  of  oak,  but  sometimes  of 
ilex,  ash,  or  elm.  The  body  was  secured  thereto, 
and  to  the  pole,  which  was  mortised  into  the  axle 
and  braced  or  strengthened  by  irons.  The  spindles 
or  arms  of  the  axle  were  of  wood  ;  no  skeins,  so  far  as 
we  are  informed. 

The  wheels  revolved  on,  not  with,  the  axles,  and 
were  secured  by  lineh-pins.  They  consisted  of 
nave,  spokes,  fellies,  and  tire,  all  usually  of  wood. 
We  reaa  of  bronze  tires,  but  they  were  exceptionaL 
The*  fellies  were  bent. 


The  ancient  Britons  were  celebrated  for'their  skill 
and  prowess  in  chariot-warfare.  Their  chariots  were 
open  in  front  instead  of  behind ;  the  jwles  were  wide, 
and  the  charioteer  ran  out  upon  the  pole  and  dis- 
charged his  javelin  (caieia),  even  standing  upon  the 
yoke,  and  then  retreating  to  the  car. 

The  ^ill  of  the  ancient  Britons  in  chariot-driving 
filled  Julius  Caesar  with  astonishment.  See  Car- 
RiAGR ;  Cart. 

Chariot- wheels  of  bronze  are  preserved  in  the  Ber- 
lin Museum,  and  one  of  wood  of  ancient  Egypt  is  in 
the  Abbott  Collection,  New  York  Histoiicai  Society. 

2.  The  modem  chariot  is  a  stately  four-wheeled 
pleasure-carriage  having  one  seat. 

Char'i-o-tee'.  A  four-wheeled  pleasure-carriage 
having  two  seats  covered  by  a  calash-top. 

C^iar-kan'a.   {Fabric.)  A  checked  Dacca  muslin. 

Char-ov'en.    A  furnace  for  carbonizing  turf. 

Char'ring-cfaiB'eL  A  broad  nigging-cbisel,  used 
in  chai-ring  or  hewing  stone. 

Chart.  1.  A  representation  of  a  portion  of  the 
earth's  surface  projected  on  a  plane.  The  term  is  com- 
monly restricted  to  those  intended  for  navigators' 
use,  on  which  merely  the  outlines  of  coasts,  islands, 
etc.,  are  represented. 

2.  A  sheet  exhibiting  a  statement  of  facts  in  taV 
ular  form,  so  arranged  that  any  particular  may  be 
readily  referred  to. 

Hipperchus,  of  Alexandria  (160-125  b.  c),  re- 
ducea  geography  to  a  science,  determining  the  lati- 
tude and  longitude  of  places  by  celestial  observa- 
tions. 

The  geography  of  Ptolemy  was  translated  into 
Arabic  by  tne  command  of  the  Khalif  Al  Maimoun, 
between  813  and  883  a.  d. 

Charts  were  introduced  into  the  marine  service  by 
Henry,  son  of  John  I.  of  Portugal,  about  A.  d.  1400  ; 
brought  to  England  by  Bartholomew  Colon  in 
1489. 

Mercator's  chart  is  a  projection  of  the  surface  of 
the  earth  in  the  plane,  with  the  meridians  parallel 
to  each  other,  the  dc^es  of  longitude  all  equal, 
and  the  degrees  of  latitude  increasing  in  a  cor- 
responding ratio  towards  the  poies.  It  was  intro- 
duced by  Gerald  Mercator  in  1556. 

The  principle  of  its  constniction  had,  however, 
been  previously  explained  by  Edward  Wright. 

The  first  computation  of  longitude  from  the  me- 
ridian of  Greenwich  Observatory  was  in  1679. 

The  first  magnetic  chart  was  constructed  by  Dr. 
Halley,  in  1701.  It  was  limited  to  the  Atlantic 
and  Indian  Oceans. 

Char-tom'e-ter.  An  instrument  for  measuring 
maps  and  charts. 

Uhaaa     1.  (Printing.)    A  rectangular  iron  frame 
(a,  Fig.  1255)  which  receives  the  matter  from  a  gal- 
ley, and  in  which  it  is  arranged  in 
columns  or  pages,  and  locked  up         Kg- 1266. 
in  order  for  printing.     Rules  (if 
necessary)     and    furniture     for 
spacing  the  pages  are  placed  be- 
tween the  pages,  and  all  locked 
firmly  in   the    chase  by  wedges 
cec,  called  quoins. 

Tht  fur^iiture,  b  b  b,  consists  of 
slips  of  wood  or  metsd,  half  an 
inch  in  thickness,  and  of  any  re- 
quired length. 

Those  at  the  head,  foot,  an<l  l 
side  are  called   ?iead-sticks,  foot- 
sticks,  side-sticks.     Those  between 
the  pages  are  called  gutters. 

Gutenberg  used  screws  to  lock  up  his  form  in  tha 
ghtise.     Quoins  came  later.  ■     ■ 


Digitized  by 


Google 


CHASER. 


530 


CHASER. 


2.  (Ordnance.)  a.  The  portion  of  a  gun  forward  of 
the  trunnions  to  the  sioell  of  the  muzzle.  In  modem 
guns,  the  stoell  is  suppressed,  and  the  chase  extends 
to  the  muzzle. 

h.  A  chase-^n  is  one  mounted  at  the  bow  to  fire 
at  a  vessel  being  chased.  It  is  fii-ed  from  a  chase- 
port. 

8.  (MoMnry.)  A  groove  cut  in  the  face  of  a 
wall. 

4.  (Shipbuilding. )  A  kind  of  joint  by  which  an 
overlap-)oint  gradually  becomes  a  flush-joiut^  as  at 
the  hooding-end  of  clinker-built  boats.  A  gradually 
deepening  rabbet  is  taken  out  of  each  edge  at  the 
lands,  so  that  the  projection  of  each  strake  lieyond 
the  next  below  it  gradually  diminishes,  and  they 
tit  flush  with  each  other  into  the  rabbets  of  the  stem 
and  stem  post. 

5.  A  groove,  trench,  or  passage  of  a  given  width 
and  depth  to  tit  an  object  which  traverses  or  fits 
therein  ;  as,  — 

The  chase  05  curved  water-way,  or  breast  in  which 
a  breast-wheef  or  scoop-wheel  rotates.  The  sides  of 
the  chase  fit  as  nearly  as  possible  to  the  wheel,  to 
prevent  waste  of  water. 

The  trench  made  by  spades  or  machines  for  the 
reception  of  drain-tile. 

Cuas'er.  1.  (Machinery.)  A  tool  for  cutting 
threads  in  the  hand-lathe ;  sometimes  ctclled  u 
comb,  from  its  having  a  row  of  projecting  teeth  (c  c 
c,  Fi§.  1256). 

It  IS  made  of  steel,  and  the  teeth  filed  by  hand  or 
by  a  cutting  hub.  It  is  first  forged  in  blank  in  the 
form  of  d  for  an  outside  chaser,  or  in  the  form  of  g 
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for  an  inside  chaser.  The  teeth  are  then  filed  or 
made  by  a  hub  (which  see).  The  latter  is  a  steel 
mandrel  rotated  on  the  centers  of  a  lathe  and  havine 
a  section  of  screw-thread  cut  upon  it.  The  thread 
is  notched  in  places,  so  as  to  make  cutting  edges. 

By  holding  the  edge  of  the  cAoscr-blank  against 
the  hub  the  teeth  are  cut  in  the  former,  audit  is 
ready  for  tempering.  It  may  then  be  used  in  cutting 
tw  finishing  screw-threads  on  a  bolt  or  rod,  or  in  a 
socket  or  coupling,  as  the  case  may  be,  or  may  be 


used  in  making  a  hvh  on  a  mandrel  of  softened  steel 
turned  down  to  the  right  size  and  shape. 

The  chaser  is  dispensed  with  in  power-lathes, 
which  are  provided  with  trains  of  geara  for  varying 
pitch  and  with  automatic  feed,  the  work  being  ro- 
tated slowly,  the  chaser  supported  in  a  rest,  and 
sliding  therewith  at  a  rate  determined  by  the  pitch 
of  the  feed-screw  and  the  rate  of  rotation  of  the 
work. 

In  the  chasing-engine  (Fig.  1256)^  the  cutter  k  is 
made  as  a  ring  of  steel,  which  is  screwed  internally 
to  the  diameter  of  the  bolt  I  which  is  to  be  threaded, 
and  tumed  externally  with  an  under-cut  groove,  for 
the  small  screw  n  and  nut  0,  by  which  it  is  held  in 
an  iron  stock  s  formed  of  a  corresponding  sweep  ; 
for  distinctness,  the  cutter  k  and  screw  n  are  also 
shown  detached.  The  center  of  curvature  of  the 
tool  is  placed  a  little  below  the  center  of  the  lathe, 
to  give  the  angle  of  separation  or  penetration.  Af- 
ter the  tool  has  been  ground  away,  in  the  act  of 
being  sharpened,  it  is  raised  up  until  its  points  touch 
a  straight  edge  applied  on  the  line  mm  oi  the  stock. 
This  denotes  the  proper  hight  of  center,  and  also 
the  angle  to  which  the  tool  is  intended  to  be  hooked, 
namely,  10*.  Each  ring  makes  four  or  live  cuttera, 
and  one  stock  may  be  used  for  several  diametere  of 
thread. 

In  Shanks*s  arrangement  for  cutting  screws  in  a 
lathe,  a  front  and  a  l»ck  chaser  are  employed,  so  that 
one  may  cut  while  the  slide  traverses  in  one  direction, 
and  the  other  during  the  return -movement,  p  rep- 
resents the  front  and  t  the  back  tool,  which  are 
mounted  on  one  slide  e  e,  and  all  three  are  moved  as 
one  piece  by  the  handle  x.  In  the  first  adjustment, 
the  wedge  w  is  thrust  to  the  bottom  of  the  corre- 
sponding angular  not<:h  in  the  slide  e,  and  the  two 
tools  are  placed  in  contact  with  the  cylinder  to  be 
threaded.  For  the  first  cut,  the  wedge  w  is  slightly 
withdrawn,  to  allow  the  tool  |?  to  be  advanced  toward 
the  work  ;  and  for  the  return -stroke,  the  wedge  is 
agaifn  shifted  under  the  observation  of  its  divisions, 
and  the  slide  e  is  brought  forward  towards  the  work- 
man, up  to  the  wedge  ;  this  relieves  the  tool  p  and 
projects  t,  which  is  then  in  adjustment  for  the  sec- 
ond, cut ;  and  so  on  altemately.  The  command  of 
the  two  tools  is  accurately  given  by  the  wedge, 
which  is  moved  a  small  quantity  by  its  screw  and  mi- 
crometer, between  every  alternation  of  the  pair  of 
tools,  by  the  screw  y  operated  by  the  handle  x. 

Punches  or  gravera  are  used  for  embossing  or  en> 
graving  the  surfaces  of  metal,  the  design  l^ing  in 
low  relief  or  cut  in  intaglio.     See  also  Enchasing. 

In  the  embossing  by  punches,  the  object  is  filled 
with  lead  or  pitch,  and  laid  on  a  sand -bag  a,  or  in  a 
pitch-block,  wnile  the  chasing-tool  b  is  held  vertically 
and  driven  by  a  hammer.  Some  portions  of  the 
metal  are  thus  driven  inward,  while  those  around 
rise  up  from  the  displacement  and  reaction  of  the 
pitch. 

The  chasing- tools  are  of  various  kinds,  with  flat, 
rounded  faces  and  curved  edges,  so  as  to  follow  a 

Sattem.  Other  tools  have  faces  omamented  with 
esigns  in  cameo  or  intaglio,  which  are  conferred 
upon  the  metal  by  the  action  of  the  punch  and  ham- 
mer. 

Chasing  by  the  graver  may  be  merely  engraving  in 
lines,  but  is  usually  in  the  form  of  relief ;  parts  of  the 
metal  being  cut  away,  leaving  protuberant  portions 
of  ornate  form,  and  which  are  farther  beautified  by 
graver-lines,  frosting,  milling,  etc.  The  sand-bag 
supports  the  work  H'hile  being  chased  by  the  graver. 
The  art  of  chasing  was  much  practiced  among  the 
Greeks.     Two  celebrated  examples  of  chasing  in 
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The  iron  base  of  the  vase  made  by  Glancns  of  Chi- 
os, and  dedicated  to  the  Delphic  oracle  by  Alyattes, 
king  of  Lydia.  This  had  small  figures'  of  animals, 
insects,  and  plants. 

The  iron  helmet  of  Alexander,  the  work  of  The- 
ophilus 

The  principal  chasing  of  antiquity  was  upon  weap- 
ons, armor,  shields,  cnariots,  tripods,  quoits,  can- 
delabra, chairs,  thrones,  mirrors,  goblets,  dishes. 

The  art  arrived  at  great  perfection  in  Etruria. 

**  Bat  none  the  golden  bowl  can  chaae. 
Or  give  to  braM  such  Taried  grace, 
Ab  that  renowned,  hardy  race 
That  dwells  by  Amo's  tide." 

Carruii,  quoted  by  AthenaBOs  (▲.  d.  220). 

2.  (Metallurgy.)  One  of  the  edge- wheels  which 
revolves  in  a  trough,  to  grind  substances  to  pow- 
der. (See Chilian  mill;  Mortar-mill;  Oil-mill.) 
Also  used  in  grinding  ore  for  puddling-fumaces,  etc. 

Chas'ing-ohis'el.  A  punch  used  in  enchasing. 
The  mallet  by  which  it  is  driven  is  the  channg-luim- 
mcr,  and  the  operation  is  performed  on  a  staJce.  See 
Chaser. 

Chas'ing-ham'mer.  The  mallet  of  the  chaser 
in  the  operation  of  enchasing  by  embossing  by 
punches.     (See  a  ft.  Fig.  1256.) 

ChaB'ing-lathe.  A  screw-cutting  lathe.  So 
called  from  the  name  of  the  tool  wherewith  screws 
were  cut  by  hand  in  the  old  form  of  lathe,  before 
the  slide-rest  and  feed-screw  were  invented. 

In  the  illustration,  which  shows  Sellers's  improved 

Fig.  1257 


CluuMe'pot-gazL  The  breech-loading,  center-fire 
needle-gun  of  the  French  service.  It  was  designed 
as  an  improvement  on  the  lh*ussian  needle-g^n,  or 
tSifndnadetg€wehrt  to  which  it  was  opposed  in  the 


SelUrs^s  Chasing- Lathe. 

form  of  lathe  for  brass  work,  a  is  the  live-head,  which 
is  hack -geared.    The  R])indle  c,  for  holding  the  chas- 
ing-hobs, is  so  arranged  as  to  accommodate  two  d^- 
ferf  nt  pitches  at  the  same  time,  or  to  cut  with  a 
single  pointed  tool  either  single,  double,  triple,  or 
quadruple  thi-eads.   The  slide-rest  d  for 
the  chaser  is  earned  by  a  bar  «  at  the 
back  of  the  lathe  ;  the  counter- weight 
to  chasing-bar  presses  either  to  or  fi-om 
the  face-plate  /;  a  poppet-head  with 
square  spindle  and  detachable  screw  for 
quick  motion  can  be  adjusted  to  any 
taper  when  used  to  carry  turning-tools, 
and  is  provided  with  slide-rest  move- 
ment.    0  is  the  hand-tool  rest. 

Chas'lng-tools.  Those  used  by  the 
chaser  in  the  operation  of  embossing  by 
punches.  The  work  is  laid  on  a  chasins 
stake  or  cushion,  and  the  punch  strucR 
by  hammer  or  mallet.  (Seea6,Fig.  1256.) 


Ckassepot  Rifie, 

Franco- Prussian  war  of  1871,  and  derives  its  name 
from  the  inventor.  A  paper  cartridge  is  employed 
in  the.  gun  as  originally  constructed  in  1867,  out  in 
1869  M.  Chassepot  patented  an  improved  arrange- 
ment, embracing  a  cartridge-retractor  for  use  with  a 
central- fire  metallic  cartridge ;  the  construction  of 
the  gun  is,  however,  essentially  the  same. 

An  opening  on  the  right  of  the 
chamber  yt  permits  the  insertion  of 
the  cartridge,  which  is  effected  by 
resting  the  Dutt  of  the  srun,  held  in 
the  left  hand,  against  the  left  hip, 
turning  the  lever  c  from  right  to  left 
and  drawing  it  back,  thus  retracting 
the  hollow  cylinder  or  breech-block 
B;  the  cartridge  is  placed  in  the 
opening  thus  made,  and  is  pushed 
home  to  its  seat  by  a  forward  move- 
ment of  the  lever,  which  is  then 
turned  back  to  its  original  position, 
locking  the  breech-block  in  place. 
The  shaft  C,  contained  within  the 
cylinder  B,  carries  the  needle  «,  and 
is  drawn  back  by  means  of  the  knob 
D,  compressing  the  spring  which 
5^^  surrounds  the  shaft,  until  a  detent 
thereon  engages  with  the  tumbler  of 
the  lock,  holding  the  latter  in  cocked 
position.  Pressure  on  the  trigger 
allows  the  spring  to  act,  driving  the 
needle  forward,  penetrating  the  cartiidge,  and  ex- 
ploding the  fulminate.  A  rubber  washer  at  the 
inner  end  of  the  cylinder  B,  through  which  the  nee- 
dlepasses,  acts  as  a  gas-check. 
Cnas'sia.    ( Ordnance. )    The  base-frame  on  which 

Fig.  1259. 
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a  barbette  or  casemate  gun  is  mn  in  and  out  of  bat- 
teiy.  The  chassis  is  capable  of  a  certain  amount  of 
lateral  sweep,  called  traverse,  so  as  to  acyust  the  gun 
horizontally  in  poin^ng.  This  is  frequently  by  os- 
cillating in  an  arc,  a  pintle  in  front  of  the  chassis 
being  the  center  of  oscillation.  (See  Gun-carriage.  ) 
In  the  example,  the  gun-carriage  is  moved  on  the 
chassis  by  a  system  of  gears  operated  by  a  crank  ;  a 
lateral  fnction-compressor  within  the  principal  spur- 
whe^l  being  employed,  to  partially  resist  the  recoil 
of  the  carriage.  A  windlass,  operating  on  a  toothed 
bar  or  rack  attached  to  the  chassis,  controls  the 
traversing  or  directing  movement. 

Chaf  e-laine.  A  lady's  waist  ornament,  with 
suspended  charms,  keys,  etc. 

Chat-roU'er.  {Mining,)  An  ore-crushing  ma- 
chine, consisting  of  a  pair  of  cast-iron  rollers,  for 
grinding  roasted  ore. 

Chats.  {Mining.)  The  central  portion  or  stra- 
tum of  a  mass  of  ore  in  the  process  of  washing. 

Chafty.  A  porous  earthen  water-pot,  used  in 
India  in  refrigerating. 

Chauffer.  A  small  table-furnace.  It  may  be  of 
iron  or  of  a  black-lead  crucible,  fitted  with  air-holes 
and  a  crrate. 

Che-bec'.  {Nautical.)  A  kind  of  vessel  employed 
in  the  Newfoundland  tisheries.  Named  from  Che- 
bacco  (now  Essex),  a  town  in  Massachusetts.  Also 
called  a  piTUc-stem. 

Cheok.  1.  {Fabric.)  A  pattern  produced  by 
crossing  stripes  in  the  warp  and  the  weft.  The 
stripes  may  be  of  varying  colors,  or  varying  thick- 
ness, or  both. 

2.  An  East- Indian  screen  or  sun-shade  made  of 
narrow  strips  of  bamboo,  four  to  six  feet  lon^,  with 
connecting  cords,  and  hung  before  doors  or  windows 
of  apartments. 

8.  A  card,  plate,  or  ta^  in  duplicate,  used  to  iden- 
tify articles  placed  promiscuously  with  others.  See 
Baggaoe-check. 

4.  {MiLtic.)  A  padded  post  on  the  back  end  of  a 
piano-forte  key,  used  to  catch  the  head  of  the  ham- 
mer in  its  descent  and  prevent  rebounding,  which 
miffht  cause  it  again  to  strike  the  string.  It  is  a 
fcMure  of  the  gravid  acUon. 

C&eok-bar.  {Mtme.)  A  bar  which  limits  the 
backward  play  of  the  jacks.    See  Piano-movement. 

Cheok-biidge.  {Steam  Engine.)  The  iire-bridge 
of  a  steam-boiler  furnace  ;  so  called  as  it  was  sup- 
posed to  check  the  too  great  freedom  of  draft  which 
was  carrving  off  the  heat. 

Cheok'er-ing-file.  A  compound  file,  consisting 
of  two  files  riveted  together,  and  whose  edges  project 
unequally,  so  that  one  acts  as  a  spacer  in  check - 
working  the  stnall  of  gun-stocks,  etc.  See  Double 
File. 

Cheok'ers.  A  game  played  with  pieces  of  two 
colors  on  a  board  of  sixty -four  squares,  whose  alter- 
nating colors  have  given  it  the  name  of  a  checker- 
board.    Also  called  draughts. 

Rameses  III.,  the  great  Sesostris  of  Herodotus,  is 
represented,  in  his  palace  at  Medinet  Aboo  and  in  a 
number  of  instances,  playing  at  draughts  ;  generally 
with  one  of  the  ladies  of  his  harem.  The  still  older 
tombs  of  Beni  Hassan  (say  about  2000  B.  c. )  have 
similar  representations.  The  nature  of  the  moves  can  - 
not  be  well  determined  ;  the  pieces  of  the  respective 
players  are  diversely  coloi-ed.  They  took  each  other, 
tor  in  one  figure  of  "Rameses  he  has  a  handful  of  cap- 
tives from  the  board.  His  lady  is  evidently  losing, 
and  is  playfully  holding  a  floWer  to  his  nose  to  di- 
vert his  attention.  They  are  both  moving  their 
pieces  at  once,  however. 

The  pieces  were  of  ivory,  bone,  or  wood,  and  of  the 


same  general  form  ;  but  some  had  human  heads  dif- 
fering for  the  respective  sides  of  the  board.  The 
largest  pieces  are  about  1}  inches  high  and  IJ  in 
diameter. 

The  checkers  of  the  Greeks  and  Romans  was  a 
game  plaved  with  pieces,  the  sets  being  of  different 
colors  and  sometimes  assuming  fanciful  shapes.   They 


Fig.  1200. 


Draughts  of  Se$ottris  (  Thebat). 

were  sometimes  pebbles  {calculi),  used  as  counters 
on  the  abacus,  and  were  called  by  the  epithets 
"thieves,"  "marauders"  {UUrunciUi),  "soldiers'* 
{eiviles),  "foes"  {liostes),  etc.,  indicating  that  the 
game  represented  a  miniature  combat. 

There  are  indications  among  the  Roman  writers, 
that,  in  one  form  of  the  game,  some  of  thfe  men 
moved  in  a  certain  direction  {ordinarit),  while  oth- 
ers had  more  liberty  of  movement  and  were  termed 
vagi.  This  resembles  chess.  A  man  inclosed  be- 
tween two  others  was  in  check  {alligcUtu)  and  was 
taken  from  the  board. 

The  abacuSt  in  which  it  was  played,  was  marked 
with  lines  or  divided  into  squares.  There  were,  no 
doubt,  several  modifications  of  the  game.  (See 
Abacus.)  Sometimes  the  moves  were  determined 
by  dice  {tessera:),  like  our  backgammon  and  tric-trac 
See  Dice. 

Cheok-hook.  1.  A  device  in  hoisting  and  low- 
ering apparatne,  designed  to  stop  the  motion  of  the 
wheel  over  which  the  rope  runs,  if  the 
machinery  becomes  unmanageable.  On 
the  pulley  are  hooks  which  fly  out  by  i 
the  centnfugal  force  when  the  speed 
becomes  excessive,  and  engage  stop- 
pins  which  arreit  the  rotation  of  tne 
pulley  and  the  descent  of  the  cage. 

2.  {Saddlery.)  A  hook  on  a  gig- 
saddle  for  the  attachment  of  a  bearing- 
rein.  dke^^Hook. 
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Cheok-line.  {SaddUry.)  The  line  which  branches 
oflf  from  the  principal  rein.     See  Check-rein. 

Cheok-look.  A  lock  so  applied  to  the  door  as 
to  check  or  hold  the  bolts.  The  bolts  of  the  check- 
lock  do  not  themselves  hold  the  door,  but  are  the 
means  of  detaining  the  bolts  which  do. 

Cheok-nut.  A  secondary  nut,  screwing  down 
upon  the  former  to  secure  it.  A  jam-nut,  lock-nut, 
or  pinching-mit. 

Cheok-reixL  (Saddlery.)  The  branch  rein  which 
connects  the  drivinfi^-rein  of  one  horse  to  the  bit  of 
the  other,  in  double  lines,  the  left  rein  passes  to  the 
near  side  bit-ring  of  the  near  horse,  and  a  eheck-Mne 
proceeds  from  the  said  left  rein  to  the  near  bit-ring  of 
the  off  horse.  The  right  driving-rein  passes  directly 
to  the  off  bit-ring  of  the  off  horse,  and  has  a  rheek-Yein 
which  connects  with  the  off  bit-ring  of  the  near  horse. 

The  horses  of  the  Egyptian  chariots  had  check- 
reins. 

Check-rein  Hook.    See  Check-hook. 

CheokHitring.  A  cord  by  which  the  occupant 
of  a  carriage  signals  the  driver.  ; 

Check-valve.  A  valve  placed  between  the  feed- 

Jnpe  and  the  boiler,  to  prevent  the  return  of  the 
eed-water.  See  Alakm  Check-valve;  Back- 
pressure Valve. 

Cheek.  One  of  the  corresponding  side-plates  or 
parts  of  a  frame  or  machine  ;  more  Sequently  used 
in  theplural,  as  — 

1.  Tne  side-pieces  of  a  gun-carriage  on  which  the 
trunnions  immediately  rest ;  also  called  brackets. 

2.  The  shears  or  bed-bars  of  a  lathe  on  which  the 
puppets  rest. 

8.  The  projections  on  the  side  of  a  mast  on  which 
the  trestle-trees  rest. 

4.  The  side-pieces  of  a  window-frame. 

5.  The  solid  part  of  a  timber  on  the  side  of  the 
mortise. 

6.  {Founding,)  The  middle  part  of  a  three-part 
flask. 

7.  The  branches  of  a  bridle-bit. 

8.  The  standards  or  supports,  arranged  in  pairs,  of 
such  machines  as  the  Stannope  or  copper-plate  print- 
ing-press, the  rolling-mill,  and  many  varieties  of 


9.  The  sides  of  an  embrasure. 

10.  The  jaws  of  a  vise. 

11.  The  sides  of  a  pillow-block  which  hold  the 
boxing. 

12.  The  miter-sill  of  a  lock-gate. 
Cheek-block.    {Nautical.)    A  block,  one  side 

of  which  is  formed  by  a  cheek-piece  secured  to  an 
object  which  forms  the  other  side,  as  in  the  cheek- 
blocks  near  the  ends  of  the  yards  for  the  sheets  of 
the  square  sails.     See  Boom- iron. 

Cheek-^itraps.  {Saddlery.)  Straps  passing  down 
each  side  of  the  horse's  head  and  connected  to  the 
bit-rings. 

Cheese.  Milk-curd  pressed  into  a  shape  iind  ri- 
pened. 

Hippocrates  (460  b.  c.)  states  that  the  mode  of 
preparing  this  food  from  milk  was  discovered  by  the 
Scythians  at  a  very  early  date.  There  can  be  little 
doubt  that  it  was  a  common  article  of  food  among 
the  pastoral  nations  of  Uz,  Canaan  and  Asia  Minor, 
as  well  as  among  the  Scythians.  The  Egvptians, 
also,  had  immense  herds  of  kine,  goats,  and  sheep, 
and  the  curds  of  milk,  soured  naturally  or  artificially, 
must  have  been  used.  Curds  are  pressed  to  remove 
the  buMermilk,  and  then  become  cheese.  The  ri- 
pening of  cheese  develops  its  flavor.  Virgil  describes 
cheese  as  the  common  food  of  the  Roman  shepherds. 

Strabo  records  a  difSculty  experienced  in  former 
times  by  the  Iberians  in  the  vicinity  of  Grades  (Ca- 


diz) :  "The  excellence  of  the  pasturage  is. such  that 
the  milk  of  the  cattle  there  fed  does  not  yield  any 
whey,  and  they  are  obliged  to  mix  it  with  lai^ 
quantities  of  water  on  account  of  its  richness.  Af- 
ter fifty  days'  pasturing,  it  is  necessary  to  bleed  the 
cows  to  keep  them  from  choking.  The  pasturage  is 
dry,  but  it  fattens  wonderfully."  So  it  would  ap- 
pear. 

Cheese  is  mentioned  three  timeb  in  the  Old  Testa- 
ment Scriptures,  but  each  time  under  a  difiierent 
Hebrew  name.  It  was  some  coagulated  and  hard- 
ened production  of  milk.  Burckhardt  describes  it 
as  coagulated  and  dried  buttermilk,  ground,  and 
eaten  by  the  Arabs  with  butter. 

Among  a  pastoral  people  great  are  the  uses  of 
milk.  Cheese  forms  a  staple  article  of  diet  to  mil- 
lions who  know  but  little  of  agriculture.  Jesse  sent 
ten  cheeses  by  the  hands  of  David  to  the  captain  of 
the  thousand  in  which  the  brethren  of  the  latter 
served  (1  Samuel  xvii.  18)  ;  and  "  cheese  of  kine  " 
were  brought  to  David  at  Mahanaim  (2  Samuel  xvii. 
29),  1023  B.  c.  Job  complains,  in  his  anguish,  of 
his  distemper  :  '*  Hast  thou  not  poured  me  out  like 
milk  and  curdled  me  Kke  cheese  ? " 

Cheese-cut'ter.  A  device  for  breaking  the  cu^ 
into  small  pieces,  that  the  whey  may  more  readily 
exude. 

Cheese-hoop.  An  open-ended  cylinder,  usually 
of  wood,  in  which  curds  are  pressed,  to  expel  the 
whey  and  acquire  a  form. 

Cheese-knife.  A  large  spatula,  used  in  dairies 
to  break  down  the  curd. 


Cheese-press. 

The  cheese-press 
{A,  Fig.  1262)  is 
constructed  of 
iron.  The  hoop 
containing  the 
curd  is  placed  on 
the  bottom -plate 
A,  and  the  upper  r 
plate  B  is  made^ 
to  descend  upon 
it.  There  are  two 
ways  of  doing  this ; 
one  quick  and 
easy,  until  the  re- 
sistance becomes 
great,  and  the 
other  slower  and 
more  powerful, 
and  used  for  the 
conclusion  of  the 
operation. 

On  the  axis  C 
of  the  wheel  D 
there  is  a  pinion 
of  eight  teeth, 
which  works  in 
the  rack  R.  On 
the  axis  E  there 
is  another  pinion 
of  eight  teeth, 
which  acts  in  the 
wheel  D  of  twen- 
ty-four teeth. 
This  axis  E  may 
be  turned  by  the 
crank-handle  ff, 
three  turns  of 
which  will  make 
the  rack  descend 
through  a  space 
equal  to  eight  of 


Fig.  1262. 
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its  tetith.  In  this  way,  the  plate  B  may  be  lowered 
to  touch  the  cheese,  and  to  commence  the  pressure  ; 
but  when  th£  pressure  becomes  considerable,  the 
second  method  of  acting  upon  the  rack  Is  resorted 
to.  On  the  axis  E^  besides  the  pinion  before  men- 
tioned, there  is  a  tixed  ratchet-wheel  F\  the  lever 
/,  which  embraces  F^  is  also  placed  on  this  axis,  but 
turns  freely  round  it.  A  pawl  or  click,  turning  on 
a  pin,  may  be  made  to  engage  in  the  notches  of  the 
ratchet-wheel  F,  By  means  of  this  arrangement, 
when  /  is  raised  u^,  and  the  click  engaged  in  F, 
the  axis  E  and  its  pinion  will  be  turned  round  with 
great  power  on  depressing  the  end  /  of  the  lever ; 
and  by  alternately  raising  and  depressing  /,  any 
degree  of  pressure  required  may  be  given  to  the 
cheese.  The  weight  Iv  may  be  suspended  to  con- 
tinue the  pressure. 

The    Pneumatic  Cheese-press   B,  shown    in    the 
lower  part  of  the  same  figure,  consists  of  a  stand 
about  three  feet  high,  on 
fig.  1268.  the   top    of   which    is    a 

metallic  vessel  a,  forming 
a  hoop  for  the  curd.  This 
vessel  has  a  loose,  corru- 
gated bottom  covered  with 
wire-cloth.  The  bottom  of 
the  vessel  conmiunicates  by 
a  pipe  c  with  a  receiver  d^ 
whicn  is  exhausted  of  air 
l^by  means  of  an  air-pump 
h  and  pipe  0. 

The  curd  being  salted 
and  placed  in  a  cloth  in 
the  vessel  a,  the  pump  is 
worked  and  the  pressure  of 
the  atmosphere  drives  the 
whey  down  through  the 
curd,  and  it  collects  in  the 
receiver,  from  whence  it  is 
di.scbai^ed,  as  occasion  may 
require,  by  means  of  the 
pipe  and  faucet/.  The  curd 
IS  then  subjected  to  pres- 
sure in  the  usual  manner. 
Another  form  of  press  involves  the  use  of  the 
toggle,  as  the  leverage  increases  as  the  platen  de- 
scends. The  weight  is  suspended  by  a  chain  which 
mns  over  the  pulley  on  the  end  of  the  long  arm  of 
the  toggle.  A  hand  lever  operates  the  screw  for 
quick  movements. 

Gheese-shell  One  constructed  for  holding 
cheeses  during  the  process  of  ripening;.  Ingenuity 
has  been  exercised  in  saving  the  time  m  turning  the 
cheeses  singly  day  by  day,  by  inverting  the  whole 
'  of  ch 


OwesB'Press. 


shelf  with  its  row 

Cheese-tum'er.  A  shelf  capable  of  bein^  in- 
verted, so  as  to  turn  over  the  cheeses  laid  upon  it,  — 
a  daily  duty  during  the  progress  of  the  ripening  of 
the  cheese. 

Cheese-vat.  The  necessity  for  preserving  a  cer- 
tain temperature  in  cheese-vats  has  given  rise  to  nu- 
merous devices,  among  which  may  be  cited  that 
illustrated  at  A  in  the  accompanying  cut.  The  vat 
A  is  semi-cylindrical  and  double-\ralled,  water 
being  contained  between  the  shells.  Under  the  vat 
is  a  furnace  B^  for  heating  the  water>  the  smoke 
from  which  escapes  by  the  pipes  C.  The  degree  of 
heat  admitted  to  the  water  is  regulated  by  a  sliding 
damper  D.  A  coil  of  circulating  pipes  is  affixed  to 
the  outer  shell  of  the  vat,  connecting  with  the  water 
space  at  center  and  ends  of  the  vat,  thus  equalizing 
the  heat  in  the  water  space.  Spouts  are  attached 
for  drawing  off  the  whey,  the  water  from  the  water 
space,  and  discharging  the  curd.     To  aid  in  this. 


one  end  of  the  ma-  Fig.  1264. 

chine  is  set  on  eccen- 
trics E,  The  wire 
frame  cuts  the  curds 
into  small  blocks,  and 
sweeps  it  from  the 
inner  surfiEUie  of  the 
vat. 

The  vat  used  on  the 
plains  of  the  Po, 
where  the  Parmesan 
cheese  is  made,  is 
shown  in  the  lower 
figure.  It  is  a  copper 
ciddron,  slung  from 
a  crane  over  a  conical 
fireplace,  in  which 
wood  is  burned.  In 
this  vat  the  milk  is 
heated  and  coagulat- 
ed, and  without  re- 
moving is  broken  by 
a  stick  having  cross 
isires.  The  curd  is 
then  again  heated* 
taken  out,  drained, 
salted,  pressed,  and 
in  forty  days  is  moved 
to  the  cheese-loft. 

In  Fig.  1265  the 
pan  is  hinged  to  the 
vat  and  rests  upon 
pins  within  it ;    the 

contents  are  warmed  by  a  furnace  beneath ; 
whey  drawn  off  by  a  strainer ;  adjustable  1^ 
mit  the  inclination  of  the  vat. 

Fig.  1265. 


Oues€-  Vats, 


the 
per- 


Cluese'VlcU, 

Chek'mak.  {Fabric, )  A  Turkish  fabric  of  silk 
andgold  thread  mixed  with  cotton. 

Cnem'i-oal  Ap'pa-ra'tos.  The  name  chemistry 
indicates  literally  '*  Egyptian  art,"  the  art  of  the 
black  land ;  for  Plutarch  knew  that  the  Egyptians 
called  their  country  Xtftuia,  from  the  blacK  earth. 
The  inscription  on  the  Rosetta  stone  has  Chmi,  See 
Still,  Balance,  Hydrometer,  etc.,  in  their  spe- 
cific alphabetical  places. 

Cheml-oal  Far'naoe.  A  small  furnace  for  bi- 
boratory  uses.     See  Stoves  and  Heating  Afpu- 

ANCE8. 

Cheml-cal  Print'ing-tel'e-gniph.  An  appa- 
ratus for  printing  symbols  upon  prepared  paper  l>y 
means  of  electro-chemical  action ;  as,  for  instance, 
by  an  iron  stylus  on  paper  prepared  with  a  solutioa 
of  yellow  cyanide  of  potassium.  In  the  example, 
the  paper  strip,  just  before  passing  under  the  record- 
ing-needle, is  moistened  by  contact  with  a  wheel 
revolving  in  a  reservoir  of  suitable  liquid.  See  Elec- 
tro-chemical Telegraph.    (Fig.  1266.)  • 

Chem'iok-ing.  (Bleaching.)  The  process  of 
steeping  goods  in  a  dilute  solution  of  chloride  of 
lime  in  stone  vats,  the  liquor  being  continuously 
pumped  up  and  straining  through  the  goods  untU  this 
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Fig.  1266. 


Chemical  Ptinting-  TtUgmpk, 

action  is  complete.  Tliis  precedes  the  souring  which 
sets  free  the  chlorine.     See  Bucking  Kier. 

Che-min' des Rondes.  {Fortification.)  Abeam 
at  the  foot  of  the  exterior  slope,  sometimes  masked. 

Che-mise'.  1.  {Masonry.)  A  wall  that  lines 
the  face  of  a  bank.     A  breast'toall. 

2.  A  French  name  for  an  under-^rment ;  from 
the  Spanish  eamisa,  a  shirt ;  this  from  the  Arabic 
kamis,  which  is  from  the  Sanscrit  kschaunuif  linen. 
The  garment,  its  name,  and  the  cotton  from  which 
it  is  now  made,  were  introduced  into  Europe  by  the 
Spanish  Saracens. 

Cheml-type.  {Engraving.)  A  somewhat  gen- 
eral term  which  includes  a  number  of  relief  processes 
by  which  a  drawing  or  impression  from  an  engraved 
plate  is  obtained  in  relief,  so  as  to  be  printed  on 
an  ordinary  printing-press. 

Cover  a  zinc  plate  with  ground,  and  etch  the  de- 
sign ;  bite  in  in  ;  remove  .the  ground  ;  fill  the  lines 
with  fusible  metal,  and  scrape  down  to  the  zinc  sur- 
face. Bite  the  plate  with  ar^ua-fortis,  which  will 
cut  away  the  zinc  and  leave  the  fusible  metal  salient 
to  be  printetl  from  by  the  ordinary  press. 

Che-nille^  A  round  fabric  or  trimming,  made 
by  uniting  with  two  or  more  sets  of  warps,  either  by 
weaving  or  twisting,  a  fine  filling  or  weft,  which  is 
allowed  to  project  beyond  the  warps.  This  filling  is 
cut  at  its  outer  edges,  and  the  fabric  is  then  twisted, 
assuming  a  cylindrical  shape  with  weft  projecting 
radially  from  the  central  line  of  warns. 

Che-nilld'  Car'pet.  The  chenille  carpet  is  soft 
and  beautiful,  but  costly.  In  making  it,  the  warp- 
threads  are  stretched  out  horizontally,  as  in  a  com- 
mon loom,  and  the  weft  is  thrown  in  by  a  shuttle  ; 
but  this  weft  consists  of  chenille,  instead  of  mere 
yam,  and  when  the  weaving  is  completed,  the  loose, 
colored  threads  of  the  chenille  are  combed  up  and 
made  to  appear  at  the  surface,  where  they  are  cut 
and  sheared  to  a  state  of  velvety  softness.  The  |>at- 
tern  is  dyed  in  the  chenille  itself,  nothing  appearing 
at  the  surface  of  the  carpet  except  the  ends  of  the 
chenille  fringe. 

Che-nille'-ma-ohine'.  In  one  form  of  French 
machine,  the  material  is  constantly  reflexed  upon 
itself,  so  that  the  article  in  the  first  instance  presents 
a  series  of  close  loops,  which  must  be  cut,  to  give  it 
a  finish.  Martin's  machine,  invented  in  1851,  pro- 
duces in  this  way  2^  yards  per  minute. 


In  Canter's  machine  the  silk  is  confined  between 
0  strands,  which  are  twisted  tocetber  in  the  act 
manufacture,  and  a  rotatory  knife  is  let  down  as 
y  be  required,  to  cut  the  pile,  or  silk,  worsted,  or 
ler  material  which  forms  the  ornamental  surface 
the  chenille ;  or,  by  holding  the  knife  aloft,  to 
ve  the  pile  uncut,  to  vary  the  effect. 
bfliep.  A  piece  of  timber  forming  the  sole  of  a 
n-icrest  ploto. 

Sher'ry.  A  spherical  bur.  Used  especially  in 
niing  out  the  cavities  of  bullet-molds.  See  Bur. 
^^hMr'ryHiton'er.  A  domestic  implement  which 
rks  by  introducing  a  forked  prong,  which  pushes 
\  cherry-stone  out  of  the  pulp.  In  Fig.  1267,  the 
Tries  fall  from  the  hopper  B,  and  are  thence  pushed 


ng.l267. 


Cfterry-fikofUT. 

in  a  gang  by  a  plunger  provided  wfth  a  series  of 
faces  «,  separatea  by  plates  and  acting  upon  the 
cherries  individually.  Each  stone  is  detained  by  a 
cruciform  plate  o,  whose  single  post  traverses  a  slot 
in  the  annular  face  of  the  plunger,  which  expels  the 
fleshy  portion. 

In  Fig.  1268,  the  cherries  pass  from  the  hopper  C 
down  inclined  chutes  to  the  cavities,  where  they  are 
consecutively  operated  upon  by  the  descending  forked 
plungers  t,  which  push  the  stones  through  tLe  elas- 

Fig.  1268.    • 


Cherry'Sloner. 


tic  diaphragms  g  and  return  with  the  impaled  fruit, 
which  is  stripped  from  them  by  plate  J7,  and  falls 
into  an  inclined  discharging-trough  O.  A  B  ia  the 
clamp  by  which  the  cherry-stoner  is  attached  to  the 
table-leaf. 

Cheas.  1.  A  board-game  which  originated  at  an 
early  date  in  India.  The  ehaturanga,  or  primeval 
Indian  game,  was  played  by  four  persons,  and  the 
piece  to  be  moved  was  indicated  by  throwing  dice. 
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This  was  the  game  down  to  the  sixth  century  a.  d. 
From  thence  to  the  sixteenth  century  the  mediseyal 
game  (the  Shatnuy)  was  practiced.  In  this  two  per* 
sons  only  played,  and  the  element  of  chance  was 
discarded. 

Modem  chess  extends  from  the  sixteenth  century 
to  the  present  time,  the  change  from  the  mediaeval 
consisting  in  the  increase  of  the  power  of  bishops 
and  queen,  and  the  introduction  of  castling. 

The  Emperor  Akbar  (1543-1605),  sumanied  Jalal- 
ud-din,  **  The  Glory  of  the  Faith,"  had  a  chess  court 
in  his  palace  at  Futtehpore,  nineteen  mUes  from  Agra 
on  the  Ganges.  He  was  the  greatest  and  the  wisest 
of  the  monarchs  of  Hindostan,  and,  like  Alfred  of 
the  West  Saxons,  seems  to  have  been  as  versatile  as 
he  was  grand.  On  the  tesselated  pavement  of  one 
of  the  court-yards  of  this  splendid  palace,  the  prince 
set  his  battle  in  array,  with  the  mimic  kings,  queens, 
priests,  and  men-at-arms ;  his  vizier  and  he  mar- 
shaling the  forces,  and  ordering  the  moves  of  the  liv- 
ing pieces.  With  pretty  girls  for  pawns,  and  beard- 
less hein^  of  epicene  gender  for  priests  and  cavaliers, 
he  probably  came  as  near  ei\joying  himself  as  any 
one  can  who  has  all  he  wants. 

2.  A  flooring  board  of  a  military  bridge.  The 
chesses  lie  upon  the  halks,  which  are  longitudinal 
timbers  resting  upon  the  bateaux  or  pontons,  Ches- 
sex. 

Ches'seL  The  perforated  wooden  mold  or  vat 
in  which  cheese  is  pressed.     Chessex.     See  Chrss. 

Che86-tree.  (NatUical.)  A  piece  of  oak 
fastened  on  the  top-side  of  the  vessel,  for  securing 
the  main-tack  to,  or  hauling  home  the  clue  of  the 
main-sail. 

Chest-bellows.    The  piston  bellows. 

Chest-look.  A  mortise  lock,  inserted  vertically 
into  the  body  of  a  chest  or  box,  the  plate,  which 
frequently  has^wo  staples,  being  let  into  the  under 
sides  of  tne  lid.  The  bolt  has  a  horizontal  move- 
ment. 

Chest-rope.  (NatUical.)  A  long  boat-rope,  or 
warp. 

Chest-saw.  A  species  of  hand-saw  without  a 
back. 

Che-val'-de-frise.  A  bar  traversed  by  rows 
of  pointed  stakes,  and  used  to  barricade  an  approach 
or  close  a  breach.  Called  a  Friesland  horse  because 
first  used  at  the  siege  of  Groningen,  in  that  prov- 
ince, in  1658. 

Che-val'-glass.  A  looking-glass  of  such  size 
and  so  mounted  as  to  exhibit  th^  full  figure. 

CheT'er-iL     Leather  of  kid-.skin. 

Che-ville'.  The  peg  of  a  violin  or  similar 
stringed  instrument. 

Chev-rette'.  (Ordnance.)  A  machine  for  rais- 
ing heavy  guns  on  to  their  carriages. 

Chev'ron.  1.  A  bent  bar.  rafter-shaped,  in 
heraldry,  and  the  form  adopted  for  a  distinguishing 
mark  on  the  coat-sleeves  of  non-commissionea 
officers. 

2.  A  zigzag  molding. 

Chi-a'ro-os-ou'ra  1.  A  drawing  made  in  two 
colors,  black  and  white. 

2.  (Printing.)  A  system  of  printing  by  suc- 
cessive blocks  of  wood  which  carry  respectively  the 
outlines,  lighter  and  darker  shades,  etc.  Practiced 
in  Germany  and  Italy  in  the  fifteenth  and  sixteenth 
centuries. 

8.  A  term  used  by  artists  to  describe  the  effect  of 
light  and  shade  in  a  picture. 

Chiok'en-ooop.  A  house  or  inclosure  for  fowls, 
of  more  or  less  pretensions.  In  the  example  the 
coop  is  provided  with  a  metallic  open-work  end- 
pieee,   provided  with  sliding  doors  connected  to- 


gether so  as  to  be  lig.  1260. 

opened  simultane- 
ously. The  broods 
are  protected  by 
closing  these  sliding- 
doors  at  night. 

Chiok'en-rais'- 
ing  Ap'pa-ra'tus. 
An  incubator  (which 

Child's      Car'- 
riage.    A  small  car-  ^ 
riago    adapted    for  - 
children's        uses,  ~ 
being      drawn     or 

■pushed    by  an   at-  ckukxn^Cocp. 

tendant. 

Chil'i-an  MilL  From  time  immemorial  the  ores 
of  Mexico,  Central  America,  and  Peru  have  been 
worked,  and  the  processes  yet  used  in  some  of  the 
more  remote  districts  are  rude  and  wasteful  or  ex- 
ceeding slow.  The  Chilian  mill  and  arrastra  are 
specimens  of  the  latter.  A  in  the  accompanying 
cut  shows  the  adaptation  of  water-power  as  a  motor 
for  the  primitive  mill  of  Central  America,  the  ar* 

Pig  1270. 


CkUian  MiU. 

rangements  being  of  a  massive  and  rude  description. 
B  shows  a  more  modem  form  of  the  same  device 

The  modem  form  of  the  Chilian  mill  in  its  appli- 
cation to  the  grinding  of  olea^nous  seeds,  nuts,  Ker- 
nels and  fraite,  is  shown  in  Fig.  1271. 

Each  stone  has  a  rotation  on  its  horizontal  axis 
A',  and  also^  rotation  around  the  common,  vertical 
axis  A.     The  latter  is  driven  by  the  pinioQ  S  and 
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bevel  cog-wheel.  A  certain  latitude  of  motion  is 
allowed  to  the  stones  on  their  horizontal  axis,  and 
this  passes  through  an  oval  aperture  in  the  shaft  A, 
so  as  to  allow  the  shaft  to  rise  and  fall  according  to 
the  quantity  of  material  under  the  stones  ;  the  free- 
dom of  motion  allowing  the  stone  to  pass  over  heaps 
of  the  material  without  straining.  The  bed-stone  is 
supported  on  a  foundation  of  masonry,  and  has 
raised  inner  and  outer  borders  to  keep  the  material 
from  falling  off.  The  grain  is  collected  in  the  paths 
of  the  stones  by  scrapers,  which  partake  ot  the 
motion  of  the  central  post,  one  scraper  gathering 
the  magma  from  the  outlyins  parts  and  placing  it 
in  the  track  of  one  stone  white  the  other  scraper 
draws  it  so  as  to  be  crushed  by  the  other  stone. 
The  stones  are  placod  at  different  distances  from  the 
veitical  shaft,  so  as  to  give  them  a  wider  track  of 
usefulness.    The  inner  one  is  two  thirds  of  its  width 

Fig.  1271. 


oa-MUL 

nearer  to  the  shaft,  so  that  their  tracks  lap.a  little. 
When  the  crushing  is  completed,  another  ac^ust- 
ment  of  the  scrapers  transforms  them  into  clearers, 
and  they  carry  outwards  the  material,  which  then 
falls  through  an  open  part  of  the  hoop,  and  is  col- 
lected in  a  receptacle  whence  it  is  shoveled  into  bags 
ready  for  the  press. 

The  Chilian  mill,  so  called  (also  known  as  the 
**  Trapiche  "),  is  as  old  as  Herodotus,  at  least.  It 
was  used  by  the  Phoenicians  for  mashing  olives. 
See  Oil-mill. 

Chill.  A  piece  of  iron  introduced  into  a  mold  so 
as  to  rapidly  cool  the  surface  of  molten  iron  which 
comes  in  contact  therewith.  Cast-iron,  like  steel,  is 
hardened  by  rapid  cooling,   and  softened  by  the 


prolongation  of  the  cooling  process.  The  extreme 
m  the  former  direction  gives  chilled  iron  the  hard- 
ness of  hardened  steel ;  the  extreme  in  the  direction 
of  softness  is  obtained  by  prolonging  the  heat,  ab- 
stracting the  carbon  from  the  cast-iron,  reducing  it  to 
a  nearly  pure  crystalline  iron.  See  Malleable  Iron. 

The  chilled  cast-iron  plowshare  has  a  hard  under- 
surface,  and  the  top  wears  away,  leaving  a  compara- 
tively thin  edge  of  nardened  metal.  This  resembles 
the  natural  provision  in  the  teeth  of  rabbits,  squir- 
rels, and  other  rodents,  whereby  the  enamel  remains 
in  advance  of  the  softer  portion  of  the  tooth,  keeping 
a  sharp  edge. 

Chilled  castings  are  used  for  axle-boxes,  iron  wheel- 
hubs,  rolls  for  iron-rollinff  mills,  plowshares,  and 
mold-boards,  stamp-heads,  neavv  hammers,  and  an- 
vils for  some  kinds  of  work,  and  in  many  other  in- 
stances. 

ChiU-liard'en-ing.  A  mode  of  tempering  steel- 
cutting  instruments,  by  exposing  the  red-hot  metal 
to  a  blast  of  cold  air. 

Chime.  1.  A  number  of  bells  attuned  to  each 
other  in  diatonic  succession.  A  peal  consists  of 
three     or     more 

bells  in  harmonic  Fig.  12?2. 

succession,  which 
may  be  rung  suc- 
cessively or  simul- 
taneously, but 
will  not  admit  of 
a  tune  being  play- 
ed upon  tnem. 
Thus  a  set  em- 
bracing the  eight 
notes  of  the  com- 
mon scale  will 
constitute  a 
chime,  while  a  set 

rn  the  firsty 
d,  ffthf  and 
eighth  of  the  scale 
would  be  a  peal. 
The  smallest  num- 
ber of  bells  that 
can  be  said  to  con- 
stitute a  chime  is 
five,  but  the  num- 
ber may  be  in- 
creased indefinite-' 
ly.  The  usual' 
number  is  at  least 
nine,  which  num- 
ber embraces  the  c/ume. 
eight  notes  of  the 
natural  scale,  with  the  addition  of  a  flat  seventh. 

The  illustration  shows  a  chime  in  a  Philadelphia 
church ;  nine  bells,  key  of  D,  weight  12,798 
pounds. 

A  set  of  three  small  bells  mounted  in  a  stand  for 
ringing    by  hand,    used    in    the   Roman  Catholic 
church       ser- 
vice,   is    also  ^e  1278. 
called  a  chime, 
or  altar  chime. 

A  new  car- 
illon of  bells 
manufactured 
in  France  and 
mounted  in 
Buffalo,  is  43 
in  number. 
Theyarework- 
ed  by  a  key- 
board,     and  Altar  Chime; 
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diacourse  beautiful  music.  Attached  to  the  carillon, 
and  independent  of  the  key-board,  is  a  clock,  which, 
by  delicate  machinery,  is  made  to  play  any  arranged 
tune  on  the  bells  bv  means  of  123  hammers  adjusted 
on  the  outside  of  the  bells.  The  clock  also  strikes 
the  hours,  half-hours,  and  (quarters. 

Apparatus  for  ringing  chimes  Is  said  to  have  been 
first  made  at  Alost,  in  the  Netherlands,  in  1487. 
Scheppen  of  Louvain  is  celebrated  as  a  chime-player, 
and  performed  violin  music.  Pottheff,  the  chime- 
player  of  Amsterdam,  100  years  since,  played  piano- 
forte music  with  facility.  £ach  key  required  a 
force  equal  to  two  pounds'  weight. 

Chimes  on  a  small  scale,  rather  as  toys  and 
scientific  instruments,  have  been  rung  by  electricity ; 
a  clapper  or  suspended  ball  bein^  made  to  rotate 
around  a  central  axis,  striking  m  succession  the 
bells  which  are  arranged  in  a  circle  beneath. 

2.  An  arrangement  of  bells  and  strikers  in  an 
oi^n  or  musical  box,  operated  in  harmony  with  the 
reeds,  pipes,  or  tongues,  as  the  case  may  be. 

8.  (Coopering.)  The  rim  of  a  cask  or  tub,  formed 
by  the  ends  of  the  staves,  which  project  beyond  the 
head. 

Ghime-bar'reL  {Horology.)  A  prolongation 
of  the  rim  of  a  striking- wheel,  which  is  furnished  with 
pins,  like  the  barrel  of  a  musical  box,  the  pin  lift-. 
111^  the  tails  of  the  hammers,  which  are  set  on  one 
axis  and  strike  their  respective  bells  when  set  in 
motion. 

Chlm'miiig.  {Metallurgy.)  The  operation  of 
agitating  ore  in  a  keeve  or  tub,  by  means  of  a  stir- 
rer, the  keeve  being  inclined  at  an  angle  of  45'.  The 
ore  and  water  being  placed  in  the  tub,  the  whole 
mass  is  violently  stirred  until  it  all  partakes  of  the 
gyration,  when  the  stirring  is  stopped  and  the  heavi- 
er particles  first  reach  the  bottom.  The  different 
strata  of  particles  are  then  sorted  according  to  quality. 
See  Kbbvr. 

Chim'ney.  The  open  hole  for  the  emission  of 
smoke  is  referred  to  in  H-irodotus,  VIII.  137:  — 
**  Now  it  happened  that  the  sun  was  shining  down 
the  chimney  into  the  room  where  they  were ; . .  .  .  the 
boy  who  had  a  knife  in  his  hand  made  a  mark  with 
it  round  the  sunshine  on  the  floor  of  the  room." 

The  passages  from  the  Greek  authors,  which  have 
been  cited  as  showing  the  use  of  chimneys,  do  not 
prove  their  existence,  but  generally  refer  to  a  mere 
opening  at  which  the  smoke  escaped. 

Here,  however,  is  one  fair  notice  of  a  chimney :  — 

"  B  Don't  cut  me,  eat  the  meat,  — 

Boys,  bring  the  kid. 

A .  U  there  a  kitchen  near  ? 

B.  There  is 

A.  And  has  it  got  a  chimney  too  ? 
For  thb  you  do  not  laj. 

B.  It  hat  a  chimnej. 

A   But  if  it  ranoke*.  It  will  be  worse  than  none. 

B.  The  man  will  kill  me  with  his  endless  questions  '' 

From  "  The  Woman  sitting  up  all  Night," 
a  play  by  Alexis  ;  quoted  by  AmKHMXJt 
in  the  "  Oeipnoaophists,"  a.  d.  220. 

One  mode  of  warming  is  noticed  by  Seneca  and 
Pliny,  and  consisted  in  an  arrangement  of  pipes 
to  convey  hot  air  from  an  underground  apartment 
into  which  red-hot  coals  were  occasionally  thrown. 
The  intention  was  to  avoid  the  smoke  incident  to  the 
burning  of  the  fuel  before  it  attained  the  red-hot 
condition.  In  the  greater  number  of  houses  the  fuel 
was  burnt  in  the  room  and  the  smoke  escaped  as  it 
could,  at  the  nearest  door,  window,  or  an  opening  in 
the  roof.  In  the  hot-air  arrangement  described,  the 
caloric  current  was  conveyed  by  pipes  to  the  room, 
and  discharged  at  a  mouth  which  was  often  oma- 
manted  with  a  dolphin's  or  a  Uou's  head,  acxiordlng 


to  fancy,  and  which  could  be  opened  or  shut  mt 
pleasure. 

The  Emperor  Julian,  when  at  Paris,  complained 
of  the  rigor  of  the  climate  and  the  inefficient  means 
for  mitigating  it,  even  in  the  best  apartments.  He 
disliked  the  braziers,  and  it  would  seem  that  no  ar- 
rangements, such  as  described  by  Seneca,  and  sug- 
gested by  the  hypocaust  of  the  biatbs,  was  at  hano. 
See  Hypocaust  ;  Heating  Apparatus. 

Vitruvius  does  not  mention  chimneys.  Winckel- 
mann  states  that  no  traces  of  them  are  found  in  Her- 
culaneum,  where  the  people  warmed  themselves  bj 
fires  in  braziers  placed  on  the  floor  of  the  apartment, 
as  did  Alexander  the  Great  — according  to  Plutarch. 

In  Pompeii,  chimneys  are  seen  in  connection  with 
bath-rooms  and  bake-houses,  but  none  in  private 
dwellings. 

Palladio  only  mentions  two  chimneys,  which  stood 
in  the  middle  of  the  rooms,  and  consisted  of  columns, 
supporting  architraves  whereon  were  placed  the 
pyramids  or  funnels  through  which  the  smoke  was 
conveyed.  Scamozzi  mentions  only  three  in  his 
time,  placed  similarly. 

We  learn  from  Fletcher — "Notes  from  Nine- 
veh"—  that  the  houses  in  Mosul,  on  the  Tigris,  are 
not  always  provided  with  chimneys,  although  the 
weather  is  occasionalljr  very  severe.  They  use  a 
round  brazen  vessel,  with  two  rings  attached  to  the 
sides,  by  which  it  b  conveyed  from  one  room  to 
another.  Mosnl  is  termed  by  travelers  the  **  M6d- 
em  Nineveh,"  and  the  apartments  of  the  old  palace 
which  once  stood  in  the  vicinity  were  no  donbt  sim- 
ilarly heated.  Hosea  xiii.  3,  speaks  of  the  smoke 
escaping  from  the  chimney  (a  hole  in  the  roof),  and 
makes  it  an  emblem  of  instability. 

There  are  no  chimneys  or  fireplaces  in  the  houses 
of  the  Japanese.  In  tne  center  of  the  common  sit- 
ting-room there  is  a  square  hole  lined  with  tiles  and 
filled  with  sand,  in  which  a  charcoal  fire  is  kept 
burning,  and  a  teakettle  is  supported  above  by  a 
tripod.  A  superior  class  of  houses  are  warmed  by 
braziers  placed  on  lacquered  stands.  Holes  in  the  roof 
and  walls  allow  the  smoke  to  escape.  Wood,  in  its 
natural  state,  is  but  little  used  as  fuel. 

Travelers  tell  us  that  even  now  in  Rome,  which 
has  a  humid  and  raw  atmosphere  at  times,  the  mode 
of  warming  is  by  chafing  pans  and  portable  charcoal 
furnaces,  rather  than  by  tne  generous  fire  of  a  grate 
or  furnace. 

Down  to  the  thirteenth  century,  the  people  seem 
to  have  been  generally  destitute  of  chimneys.  In 
the  Middle  Ages  people  made  fires  in  their  house  in 
a  hole  or  pit  in  the  center  of  the  floor,  under  an 
opening  formed  in  the  roof ;  and  when  the  family 
laid  down  for  the  night,  —  for  it  can  hardly  be  said 
they  went  to  beet,  —  the  hole  was  closed  by  a  cover 
of  wood.  The  laws  of  the  feudal  a^es  {couvre-feu  of 
the  French ;  curfew-bell  of  the  flnglish),  ordered  that 
such  fires  should  be  extinguished  at  a  certain  time 
in  the  eyening.  William  I.  introduced  this  law  into 
England  in  1068,  and  fixed  the  tgrnUegium  at  seven 
in  9ic  evening.  The  law  was  abolished  by  Henry  I. 
in  1100. 

The  curfew-bell  also  answered  as  a  vesper-bell, 
calling  the  people  to  prayers.  Pope  John  XXI II. 
ordered  three  Ave-Martas  to  be  repeated  at  the 
hearing  of  the  ignitegiuuL  Pope  Calixtns  111. 
ordered  the  bell  to  be  rung  at  noon  also,  to  drive 
away  a  dreadful  comet  and  the  Turks.  In  due  time 
the  comet  left,  by  which  the  faith  of  the  people 
in  bells  was  much  strengthened,  no  doubt.  The 
Turks,  under  Mahomet  II.,  who  had  captured  Con- 
stantinople a  few  years  previously,  were,  however, 
long  the  bane  of  that  corner  of  Europe,  and  are  yet 
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We  find  distinct  notices  of  chimneys  about  the 
middle  of  the  fourteenth  century,  at  Venice,  Flor- 
ence, and  Padua. 

Francesco  de  Carraro,  lord  of  Padna,  came  to 
Rome  in  1868,  and  finding  no  chimneys  in  the  inn 
where  he  lodged,  because  at  that  time  fire  was 
kindled  in  a  hole  in  the  middle  of  the  floor,  he 
caused  two  chimneys,  like  those  which  had  been 
long  used  in  Padua,  to  be  constructed  and  arched 
bv  masons  and  carpenters  whom  he  had  brought 
along  with  him.  Over  these  chimneys,  the  first 
ever  seen  in  Rome,  he  afi&xed  his  arms,  which  were 
remaining  in  the  time  of  Gataro  (the  narrator),  who 
died  of  the  plague  in  1405. 

Among  the  earliest  English  chimneys  of  which 
we  have  any  knowledge  is  that  of  the  large  fii-e- 
hearth  in  the  great  guard-room  of  Conisborongh 


Flreplaee  and  Chimney  in  Conisborough  Castie. 

Castle,  erected  in  or  near  the  Anglo-Saxon  period. 
The  mantel  is  supported  by  a  wide  arch,  with  two 
transom  stones  running  under  it ;  the  back  of  the 
fireplace,  where  it  joins  the  hearth,  is  in  a  line 
with  the  walls  of  the  room,  and  the  recess  at  the 
mantel  is  formed  by  the  back  of  the  fireplace 
sloping  outwards,  as  it  rises  into  the  thickness  of 
the  wall,  nntil  it  reaches  a  loophole  on  the  outiside, 
where  the  smoke  finds  an  exit.  The  cut  shows  an 
elevation  and  a  section  of  this  fireplace,  in  which  A 
is  the  floor  of  the  room,  E  the  mantel,  and  O  the 
loop-hole. 

In  other  castles  erected  about  the  same  period, 
the  hearth  was  formed  in  the  thickness  of  the  wall, 
and  the  conical  smoke-tunnel  ended  in  a  loop-hole, 
as  at  Conisborongh  Castle. 

Winwall  House,  in  Norfolk,  England,  is  of  the 


Anglo-Norman  period,  has  recessed  hearths  and 
flues  rising  from  them,  carried  up  in  the  external 
and  internal  walls.  It  was  built  in  the  twelfth 
century.  Rochester,  Kenilworth,  and  Conway  Cas- 
tles, Great  Britain,  show  chinmeys  similar  to  that  in 
Conisborough  Castle. 

A  chimney  in  Bolton  Castle,  erected  in  the  reign 
of  Richard  II.,  1377-1399,  has  a  chimney  thus  de- 
scribed by  Leland  :  — 

"One  thynge  I  muche  notyd  in  the  hawleof  Bol- 
ton, finiched  or  kynge  Richard  the  2  dyed,  how 
chlmeneys  were  conveyed  by  tunnels  made  on  the 
syds  of  the  walls  betwyxt  the  lights  in  the  hawle, 
and  by  this  means,  and  by  no  covers,  is  the  smoke 
of  the  harthe  in  the  hawle  wonder  strangely  con- 
veyed." 

In  the  old  palace  at  Caen,  which  was  inhabited 
by  the  Conqueror  while  he  was  Duke  of  Normandy, 
the  great  guard-chamber  contains  two  spacious  re- 
cessed fire-hearths  in  the  north  wall,  still  in  good 
preservation,  from  which  the  smoke  was  carried 
away  in  the  same  manner  as  in  the  above  examples. 

The  opening  into  the  room  is  the  fireplace. 

The  floor  of  the  fireplace  is  the  hearth. 

The  paved  portion  in  front  of  the  hearth  is  the 
slab. 

At  the  back  of  the  fireplace  is  the  fire-iack. 

The  flaring  sides  of  the  fireplace  are  the  covings. 

The  vertical  sides  of  the  oj>ening,  a  part  of  the 
wall  of  the  apartment,  are  the  jambs. 

The  chimney-piece  is  the  ornamental  dressing 
around  the  jarnhs  and  mantel. 

The  entablature  resting  on  the  latter  is  the  mantel. 

The  manUl'Shelft  or  manUl-picu  rests  thereupon. 

The  whole  hollow  space  from  the  fireplace  to  the 
top  of  the  wall  is  the  funnel,  or  chimney-hood. 

The  contracting  portion  of  the  funnel  is  the  pa(A- 
erin^f. 

The  narrowest  part  is  the  throat.  The  throat  is 
closed  (at  times)  by  a  damper. 

Above  this  is  thefliie. 

The  wall  above  the  mantel  against  the  flue  is  the 
breast. 

The  chimney  above  the  roof  is  the  shaft. 

This,  in  England,  is  usually  surmounted  by  a 
chimney-pot.  And  that  frequently  by  a  hood,  vane, 
or  cowl. 

A  cluster  of  chimneys  is  a  stack. 

A  chimney-board  closes  the  fireplace  in  summer. 

A  ciper-tunnel  is  a  false  chimney  placed  on  a  house 
as  an  ornament  or  to  balance  things. 

Fig.  1275  illustrates  the  various  parts  of  a  fire- 
place and  chinmey. 

a,  waU.  Fig.  1276. 

by  back. 

c,  breast. 

d,  flue. 

e,  hearth. 
/,  slab, 
gr,  floor. 

h,  mitered  border. 

I,  brick-trimmer. 

y,  ceiling. 

k,  joists. 

/,  mantel-shelf. 

m,  reveal  or  coving. 

n,  throat. 

0,  mantel. 

p,  jamb. 

q,  plinth.  Chimney. 

r,  bridging. 

The  chimney  at  the  Port  Dundas  Works,  Glas- 
gow, is  the  tallest  chimney  and  one  of  the  highest 
masonry  structures  in  existence.     In  Europe  there 
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are  only  two  church  steeples,  those  of  the  Strasburg 
Cathedral  and  of  St.  Stephen's  Church,  in  Vienna, 
which,  by  a  few  feet,  exceed  the  hight  of  this  chim- 
ney, and  the  great  Pyramid  of  Ghizeh  was  —  but  is 
not  now  —  the  only  other  human  erection  exceeding 
this  great  chimney  in  hight.  The  dimensions  of 
this  chimney  are  :  —  Total  hight  from  foundation, 
468  feet;  hieht  above  ground,  454  feet;  outside 
diameter  at  the  level  of  ground,  32  feet ;  outside 
diameter  at  the  top,  12  feet  8  inches  ;  thickness  at 
ground  level,  7  bricks  ;  thickness  at  the  to^,  1^ 
bricks.  The  internal  diameter  at  the  base  is  20 
feet,  and  it  gradually  contracts  toward  the  top  to  10 
feet  4  inches  diameter.  The  section  is  circular 
throughout.  The  batter  is  straight,  and  it  has  no 
cap. 

During  its  erection  it  underwent  the  operation  of 
straightening  by  sawing  the  mortar  joints.  tThe 
mortar  in  the  newly  built  portion  of  the  work  being 
still  soft  and  plastic,  the  pressure  of  the  wind 
caused  a  lateral  deflection  of  the  column,  amounting 
to  7  feet  9  inches  from  the  vertical  at  the  top.  The 
whole  structure  was  thereby  endangered,  and  in 
order  to  restore  its  stability,  it  was  necessary  to 
bring  it  back  to  the  vertical  line.  This  was  safely 
accomplished  by  sawing  away  the  mortar  on  the 
bowing  side  at  selected  points,  so  as  to  cause  the 
chimney  to  settle  back  again  and  resume  the  per- 
pendicular. 

A  WTOu^ht-iron  chimney,  196  feet  high  and  six 
feet  seven  inches  in  diameter,  has  just  been  erected 
in  Pittsburg.  Another  is  to  be  put  up  275  feet 
high.  The  first  was  riveted  together  in  a  horizontal 
position,  and  then  lifted  to  the  perpendicular  hj  a 
crane.  The  other  is  made  upright,  the  plates  being 
riveted  by  means  of  a  scaffolding  running  up  inside. 
CSiiin'ney-oap.  An  abacus  or  cornice  forming 
a  crowning  termination  for  a  chimney. 

A  device  to  render  more  certain  tne  expulsion  of 
smoke,  by  presenting  the  exit  aperture  to  leeward, 
or  by  a  rotatory  device.     See  Cowl. 

Chim'nev- 
Fip  1276  ooFlar.    A  de- 

vice to  prevent 
the  leakage  of 
rain  around  a 
chimney  -  stack 
where  it  pro- 
trudes through 
a  roof.  The 
slates  or  shin- 
gles lie  upon 
^  the  slanting 
plates,  and  up- 
right plates  lie  closely  against  the  bricks. 

Ghim'ney-liook.    A  hook  suspended  in  a  chim- 
ney from  which  to  hang  pots  over  the  fire. 
Chlm'ney-jack.    A  rotating  chimney-head.    A 

Fig.  1277. 


Ckimnejf^aeL 


form  of  cowl.  In  the  example,  the  chimney-head 
has  segmental  sliding  doors,  within  which  are 
pivoted  plates  which  deflect  the  currents  passing 
through  the  side  openings  of  the  chimney. 

Cliun'ne7-^>leoe.  The  ornamental  name  round 
a  fireplace  ;  consisting  of  jambs  and  mantel. 

CSiiin'ney-pot.    A  tube  of   pottery  or  sheet- 
metal  to  extend  a  flue  above  the 
chimney-shaft.     They  are  some-  Fig.  1278. 

times  ornamental,  and  made  tc 
agree  in  design  with  the  charactei 
of  the  building. 

Chim'neyHdiaft  The  part  oi 
a  chimney  above 
the  roof. 

Chim'ney- 
sweep'er  . 
Invented  in 
England  by 
Smart,  1805,  to 
supersede  the 
climbing  boys, 
who  were  so 
cruelly  treated. 
A  brush  of  rat- 
tan is  fixed  on 
the  end  of  a  rod 
which  consists 
of  jointed  sec-  Chimney-Pot. 

tions  of   cane, 

with  a  rope  running  down  throughout  the  length  of 
each  section. 

Chim'ney  Top.  1.  A  chinmey-cap  or  a  cowl.  See 
Cowl. 

2.  (Afusic.)  In  organ  building  :  a  metallic  mouth- 
pine  whose  otherwise  closed  upper  end  has  an  open 
tube  of  small  dimension,  whicn  allows  a  part  of  the 
air  to  escape  and  has  the  effect  of  sharping  the  note. 
See  Mouth-pipe. 

Chim'ney-valve.  A  device  of  Dr.  Franklin  for 
withdrawing  the  foul  air  from  an  apartment  by 
means  of  the  upward  draft  in  the  chimney.  In  its 
simplest  form  it  consists  merely  of  a  metallic  frame 
fitted  in  an  aperture  in  the  chimney  and  having  a 
suspended  flap  opening  inwardly  to  the  chimney 
which  allows  a  current  to  pass  m  that  direction, 
but  shuts  off  a  down-draft  into  the  room. 

Chi'na.  A  fine  variety  of  pottery,  now  known 
as  porcelain,  o'riginally  introduced  from  the  country 
whose  name  it  w)re  for  some  centuries.  The  term 
porcelain  is  Portuguese.     See  Porcelain. 

Chi'na-4>lae  Style.  A  mode  of  calico-printing 
in  which  indigo-blues  are  printed  on  the  cloth  and 
fixed  by  baths  of  salts  of  iron  and  of  alkali. 

C^'na-grass  Cloth.  {Fabric,)  A  fine  fabric 
made  from  the  fiber  of  an  Indian  nettle,  the  Bheea 
or  Ramie. 

Chin-ohllla.  {Fabric. )  A  heavy  cloth  for  wo- 
men's winter  cloaking,  with  a  long-na|)ped  sarfisce 
rolled  into  little  tufts  in  imitation  of  chinchilla  fur. 

CDVn6,  {Fabric.)  a.  A  lady's  dress  goods 
made  with  printed  or  dyed  cotton  or  silk  warps,  af- 
terwards woven.     A  mottled  effect  is  produced. 

6.  A  fabric  in  which  a  mixture  of  colors  is  pro- 
duced by  a  double  thread  formed  of  two  smaller 
threads  of  different  colors  twisted  together. 

Chine'ing-ma-chine'.  {Coopering. )  A  machine 
to  chamfer  the  ends  of  staves  on  the  inner  surface, 
and  form  the  chine. 

Chi-nese'-bal'anoe.  A  form  of  the  steelyard 
having  four  points  of  suspension  and  as  many  quad- 
rated sides  to  the  weight-arm  of  the  lever.  See 
Steelyard. 

Chi-iMsa^-oap^tan.     A    differential    hoisting 
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or  hauling  device,  having  a  vertical  axis,  and  there- 
in only  ditfering  from  the  differential  vriiidUiss 
(which  see). 

Chi-nese'-fire.  A  pyrotechnic  composition  con- 
sisting of  gunpowder,  16  ;  niter,  8  ;  charcoal,  8 ; 
sulphur,  3 ;  cast-iron  borings  (small),  10. 

Chi-nese'-windlasa.  A  differential  windhiss 
in  which  the  cord  winds  oflf  one  part  of  the  barrel 
and  on  to  the  other,  the  amount  of  absolute  lift  be- 
ing governed  by  the  difference  in  the  diameters  of 
the  respective  portions. 

It  is  a  good  contrivance  in  the  respect  that  ffreat 
power  may  be  attained  without  making  the  axle  so 
small  as  to  be  too  weak  for  its  work.  See  Differ- 
ential Windlass. 

Chin'ka.  The  single  cable  bridge  of  the  East 
Indies,  upon  which  traverses  a  seat  in  the  shape  of 
an  ox-yoke. 

Ghinse.  {Nautical,)  To  stop  a  seam  tempo- 
rarily by  crowding  in  oakum  with  a  knife  or  chisel. 
A  slight  calking. 

Cbins'ing-i'ron.  (NaxUical.)  A  calker's  edge- 
tool  or  chisel  for  chinsing  seams. 

Chin-^itrap.  {Saddlery,)  A  strap  connecting 
the  throat-strap  and  nose-band  of  a  halter. 

Chintz.  A  cotton  cloth  gayly  printed  iv-ith  de- 
signs of  flowei-s,  etc.,  in  five  or  six  different  colors. 
It  was  a  favorite  in  the  time  of  Queen  Anne,  long 
before  cotton  prints  became  cheap.  • 

—  **  let  a  oharming  chinti  and  Bra»MU  laoe 
Wrap  mj  cold  limbs  and  shade  my  lifeless  ftoe.** 

The  English  Parliament  had  prohibited  the  burial 
of  corpses  in  cotton  or  linen  goods,  intending  to  im- 
prove the  demand 'for  woolens.  The  young  lady  is 
supposed  by  Pone  to  express  her  disgust  at  donning 
the  unfashionable  fabric  even  for  burial. 

Swift  says: — "Chintzes  are  gaudy  and  engage 
our  eyes." 

The  name,  being  highly  respectable,  has  since 
been  applied  to  goods  lacking  the  graceful  and 
artistic  cnaracter  of  the  genuine  article. 

The  chintzes  of  the  Goromandel  coast  were  cele- 
brated in  the  time  of  Marco  Polo,  thirteenth  cent- 
ury. They  are  mentioned  also  by  Odoardo  Bar- 
bosa,  a  Portuguese,  who  visited  India  Hoon  after  the 
passage  of  the  Cape  of  Good  Hope  by  Vasco  da 
Gama  :  —  "Great  quantities  of  cotton  cloths  ad- 
mirably painted,  also  some  white  and* some  striped, 
held  in  the  highest  estimation.'* 

Chip.  {Nautical.)  A  piece  of  wood  of  the  shane 
of  a  quadrant,  of  6  inches  radius,  and  ^  inch  thick, 
placed  on  the  end  of  a  log-line.  The  chip  is  loaded 
at  the  circular  edge  so  as  to  float  upright,  about  two 
thirds  being  immersed  in  water.  The  knotted  log-line 
is  wound  on  a  reel,  and  the  chip  or  log  being  thrown 
ov^rlxMird  catches  in  the  water  and  remains  about 
stationary  there,  while  the  cord  unwinds  as  the  ves- 
sel proceeds.  The  number  of  knots  nassing  the  sea- 
man's hand  while  the  sand  in  the  half-minute  glass  is 
running  out,  indicates  the  number  of  knots  or  nauti- 
cal miles  per  hour  of  the  vessel's  speed.    See  Loo. 

Chip-az.  A  small,  single-handed  ax  used  in 
chipping  or  listing  a  block  or  scantling  to  a  shape 
approximating  that  to  which  it  is  to  be  dressed. 

Chip'ping-ohis'eL  A  cold  chisel  with  a  slightly 
convex  face  and  an  angle  of  about  80" ;  used  in  re- 
moving a  scale  of  iron,  hardened  by  contact  with 
the  damp  mold  in  casting.  The  removal  is  a 
preparation  for  finishing  witn  the  file  or  other  tool, 
the  chilled  iron  being  very  destructive  of  files. 
'  Chip'ping-ma-ohine'.  A  planing-machine  for 
cutting  dye-woods  into  chips.  See  BARK-cUTTiNa 
Hachii^e.  • 


Chip'piiig-pieoe.  (Fownding,)  a.  An  elevated 
cast  (or  forged)  surface,  affording  surplus  metal  for 
reduction  by  the  tools. 

h.  The  projecting  piece  of  iron  cast  on  the  face. of 
a  piece  of  iron-framing,  where  it  is  intended  to  be 
fitted  against  another. 

Ghi'ra^OEL  A  writing-machine  for  the  blind. 
A  cecograph, 

Chi'ro-plast.  An  instrument,  or  fiand^ireetor, 
as  its  name  indicates,  for  training  and  exercising 
the  hands,  for  giving  them  facility  and  command 
in  playing  music,  it  was  invented  by  Professor 
John  Bernard  Logier,  a  native  of  Germany,  and 
resident  of  London,  England,  who  died  about  1852. 
Patented  in  England  aU>ut  1812. 

It  consists  of  \hfi pogUum-frame^  to  keep  the  hands 
from  wandering  ;  the  Jinger-guideSy  two  movable  brass 
fraqaes  each  having  five  divisions ;  and  the  torist- 
guidty  to  preserve  the  proper  position  of  the  wrist. 

The  gamut-board  was  also  a  portion  of  the  appa- 
ratus, its  use  being  to  indicate  the  notes,  it  bemg 
fitted  closely  to  the  finger-board. 

The  inventor  was  a  distin^ished  contrapuntist 
and  theorist,  —  a  musical  luminary. 

Chift'eL  An  edged  tool  for  cutting  wood,  iron, 
or  stone.  It  is  operated  by  striking  its  upper  end 
with  a  hammer  or  mallet  or  by  pressure. 

Mr.  Burton  found  at  Thebes,  and  deposited  in  the 
British  Museum,  a  carpenter's  basket  and  .a  kit  of 
tools  which  have  survived  their  owner  some  thirty 
centuries.  The  art  of  joining  boards  by  dovetailing 
and  by  doweling  was  practiced  in  Egypt  as  long  a^ 
as  Osirtasen,  1706  B.  o.  The  dowels  were  pinned  in 
place  by  thin  wooden  pegs.  Glue  was  also  employed 
by  them.    See  Veneering. 

The  chisels  of  early  Egypt  (a  a,  Fig.  1279)  were 
of  bronze,  the  handles  of  tamarisk.  In  some  cases 
the  blades  were  attached  by  thongs  to  the  handles. 

One  of  the  commonest  tools  or  weapons  in  the 
museums  is  the  celt.     This  t^i-m  is  held  to  include 

Fig.  1279. 
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Egyptian  and  Roman  Tools, 

numerous  cutting-tools  ;  it  is  derived  from  the  word 
celtes,  an  old  Latin  term  for  a  chisel.  Axes,  hatchets, 
chisels,  skin-scrapers,  and  other  tools  are  assembled 
in  these  collections  under  the  one  name. 

In  the  accompanying  cut,  6  is  a  bronze  socket- 
chisel,  6  inches  long,  found  at  Kambr^  Cornwall, 
England.  The  ear  or  loop  may  have  been  for  carry- 
ing it  suspended  from  the  girdle,  but  was  probably 
for  lashing  it  to  a  helve.     See  Hatchet,  Fics.  c  «. 

c  and  d  are  bronze  chisels  in  the  British  Museum. 

0  has  a  round  handle.  It  is  9  inches  long,  is  of 
bronze,  weighs  2  pounds  5  ounces. 

/,  ^,  and  A  are  smaller  tools,  adapted  to  be  used 
with  the  mallet  or  otherwise. 

The  ehiiels  and  gouges  of  the  Tahitians  when  first 
discovered  were  of  Ixme, -generally  that  of-  a.  man'9 
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ami  between  the  wrist  and  elbow.    The  bone  tools 
disappeared  in  a  few  years  after  the  advent  of  the 
white  man. 
Stone  chisels,  pointed  and  wide  bitted,  also  mal- 
lets of  the  modem  form,  are 
shown  in  the  paintings  of 
ancient  Thebes.   They  were 
probably  of  hard  bronze, 
though    it    is    not    to  be 
doubted  but  that  steel  was 
known    to    the    artificers 
*  of  that  wonderful  nation. 
Iron  and  steel  have  per- 
'  ishedwith  rust  while  bronze 
has  survived,  and  articles 
of  that  metal  abound  in  all 
the  museums. 

The  Japanese  chisels  are 
light  and  smalU  The  cut- 
ting parts  of  some  are  the 
size  and  shape  of  a  section 
of  half  a  dollar,  the  square 
side  being  the  cutting  edge, 
and  a  round  metallic  shaft 
connecting  the  convex  side 
with  a  wooden  handle. 

The  knife  must  be  re- 
garded as  the  primary  tool, 
and  the  chisel  is  a  strong 
knife  sharpened  and  pre- 
sented endways. 

Holtzapifel,  in  generaliz- 
ing on  the  subject,  regards 
the  chisel  as  a  keen  wedge, 
sometimes  employed  with 
quiet  pressure,  and  at  oth- 
er times  with  percussion, 
the  former  including  the. plane  bit,  and  the  latter 
the  ax  and  adze. 

The  chisel  used  as  a  turning-tool  introduced  the 
circulatory  process,  and  the  reversal  of  conditions 
constitutes  the  cutting-tool  the  mover  and  introduces 
the  boring-tool. 

Saws  he  regards  as  a  multiplication  of  scraping- 
chisels,  and  the  file  as  a  suggestion  from  the  saw. 

The  blades  of  shears  and  scissors  act  as  chisels 
from  op^tosite  sides  of  the  material,  and  the  punch 
is  a  chisel  with  a  circular  edge,  whose  counterpart, 
if  it  have  one,  is  an  ai)erture  whose  margin  answers 
as  the  opposing  shear. 

This  IS  ingenious  and  somewhat  satisfactory,  and 
is  to  be  expected  of  a  man  who  makes  the  lathe  and 
its  cutting- tools  the  primary  central  cluster  of  the 
mechanical  firmament.  "It  is  good  to  be  zealoasly 
affected  in  a  good  thing,"  said  an  able  mechanic  of 
yore. 

James  Watt,  no  mean  judge,  said  that  "  the  true 
inventor  of  the  crank  rotative  motion  was  the  man 
—  who  unfortunately  has  not  been  deified  —  who 
first  invented  the  common  foot-lathe." 
See  under  the  following  heads  :  — 


Ancient  Ftini- Chisels  awi 
Sharpening  Implements. 


Astragal  tool. 
Bent  gouge. 
Blacksmith's  chisel. 
Blind-slat  chisel. 
Boasting-chisel. 
Bolt-chisel. 
Bone -chisel. 
Bur-chisel. 
Calking-chisel. 
Cant-chisel. 
Carpenter's  chiael. 
Carving-chisaL 


Center-chisel. 
Chasing-chisel. 
Chipping-chisel. 
Chisel  in  marteline. 
Cold  chisel. 
Cope-chisel. 
Comer-chisel. 
Cross-cutting  chisel. 
Cross-mouth  chiseL 
Dental  chisel. 
Diamond-point  chisel. 
Dog-leg  cniael. 


Double-chisel. 

Drove-chisel. 

Enteriug-chisel. 

File-chii«el. 

Firmer-chisel. 

Flat-chisel. 

Flogging-chisel. 

Framing-chisel. 

Gouge. 

Grafting-chisel. 

Hardy. 

Heading-chisel. 

Hooked  tool. 

Ice-chisel. 

Indented  chisel. 

Joiner's  chisel. 

Making-iron. 

Martehne-chisel. 

Mortise-lock  chisel. 

Mortising-chisel. 


Paring-chisel. 

Parting-tool. 

Point. 

Prunin^-chisel. 

Rod-chisel. 

Round  chisel. 

Round-nose  chisel. 

Sash-chiseL 

S-chisel. 

Skew-chisel. 

SUck. 

Small  chisel. 

Socket-chisel. 

Splitting-chisel. 

Spoon -chisel. 

Tang-chisel. 

Tapping-gou^. 

Tenoning-chisel. 

Tongued-chisel. 

Turning-chisel. 


Besides  those  mentioned  in  the  list  are  teTera] 
varieties  peculiarly  adapted  to  the  needs  of  certain 
trades  ;  such  as  :  — 


Millwright's  chisels. 
Mortise-lock  chisels. 


Blunt  chisels. 
Coachmaker's  chisels. 
Long-paring  chisels. 

ftChis'el-draft.  {MoMnry.)  In  squaring  the  end 
of  a  stone  block,  one  edge  is  chisel-dre^ed  to  a 
straight  edge  and  foims  a  base  for  the  determinatiou 
of  the  other  sides. 

Chift'el  in  Bftar'tel-ine.  A  boasting-chisel  naed 
by  marble- workers.  It  is  furnished  with  steel 
points  at  the  end.     See  Maktelinr. 

Chit.    A  small  /row  used  in  cleaving  laths. 

Chi-tar'ah.  (Fabric.)  A  cotton  and  silk  stuff 
made  in  Turkey. 

Chlo'ri-na'don.  A  process  for  the  extraction 
of  gold  by  exposure  of  the  auriferous  material  to 
chlorine  gas. 

The  process  was  first  introduced  by  Plattner,  a  pro- 
fessor in  the  School  of  Mines,  Freibei^,  Saxony. 

"  The  principle  involved  is  the  transformation  of 
metallic  gold,  by  means  of  chlorine  gas,  into  soluble 
chloride  of  gold  (the  aurum  potabile  of  the  ancients), 
which  can  be  dissolved  in  cold  water,  and  precipi- 
tated in  the  metallic  state  by  sulphate  of  iron,  or  as 
sulphide  of  gold  by  sulphureteil  hydrogen  gas. 
The  pi-ecipitate  may  then  be  filterecl,  dried,  and 
melted  with  suitable  Huxes  to  obtain  a  regulus  of 
malleable  gold."—  Raymond. 

The  following  conditions  are  necessary  ;  — 

1.  The  gold  must  be  in  a  metallic  state. 

2.  There  must  be  no  other  substance  in  the 
charge  wRich  would  combine  with  free  chlorine. 

3.  The  chlorine  must  have  no  impurities  which 
would  dissolve  other  metals  or  bases. 

4.  No  reaction  must  be  induced  which  would 
cause  precipitation  of  the  gold  before  the  termination 
of  the  process. 

The  process  with  quartz  and  free  gold  does  not 
involve  roasting,  but  the  latter  process  is  necessary 
with  ores  containing  sulphurcts  and  arseniurcts. 
In  the  chlorination  process,  the  ore  is  sifted  into  a 
wooden  vat  lined  with  pit<:h,  and  having  a  false 
bottom  beneath  which  the  gas  is  admitted.  The 
top  is  luted  on  and  the  gas  admitted  ;  when  the  ^ 
be^ns  U>  escape  at  a  hole  of  observation  in  the  hd, 
it  IS  the  signal  that  the  air  is  ejected  and  the  hole 
is  then  clooed.  The  gas  is  continually  uassed  into 
the  mass  for  say  eighteen  hours,  according  to  the 
coarseness  of  the  gold  ;  the  cover  is  removed  and 
water  introduced,  and  the  solution  drawn  off  into 
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the  precipitation  vat.  The  gold  is  precipitated  by 
salpnate  of  iron,  the  supeniatant  liquor  decanted. 
The  sediment  is  a  brown  powder  which  is  filtered 
apon  paper  dried  in  an  iron  or  porcelain  vessel, 
smelted  to  a  metallic  regulus  in  clay  crucibles,  a 
little  lx>rax,  salt,  and  nitrate  of  potash  being  used 
as  fluxes.  See  Raymond's  "Mines,  Mills,  and 
Furnaces,"  pp.  417-  431. 

Chlo-rom'e-ter.  An  instrument  for  testing  the 
decolorizing  or  bleaching  powers  of  samples  of 
chloride  of  lime. 

lire's  process  consists  in  adding  liquor  of  am- 
monia of  a  known  strength,  tinged  witn  litmus,  to 
a  solution  of  a  given  weight  of  the  chloride  under 
examination  until  the  whole  of  the  chlorine  is 
neutralized,  which  is  known  by  the  color  being 
destroyed.  From  the  quantity  of  ammonia  con- 
sumed the  strength  of  the  sample  is  estimated. 

The  instrument  is  an  inverted  and  graduated 
siphon-shaped  tube  with  a  closed  long  end,  and  a 
shorter  open  end.  The  tube  being  filled  with  mer- 
cury, a  certain  quantity  is  displaced  by  a  wooden 
plug,  say  10".  This  space  is  filled  with  the  solution 
of  tne  chloride,  which  is  then  let  up  into  the  closed 
end  of  the  tul)e  by  putting  the  finger  over  the  open 
end  and  tipping  the  tube.  Liquor  of  ammonia  is 
now  let  up,  and  nitrogen  is  evolved  equivalent  to 
the  chlorine  present. 

Chock.  1.  (Shipbuildiiig.)  a.  A  block,  pref- 
erably wedge-shaped,  driven  behind  the  props  of  a 
cradle  to  prevent  it  from  slipping  on  the  ways  be- 
fore the  ship  is  ready  to  launcn. 

b.  A  piece  of  timber,  framed  into  the  heads  and 
heels  of  ship's  timbers  at  their  junctions  to  act  as  a 
lap  to  the  joint,  and  make  up  the  deficiency  at  the 
inner  angle,  as  in  the  stem -piece  and  the  main- 
piece  of  the  head;  in  the  dead  wood,  etc.  See 
Stem. 

2.  A  wedge-shaped  block  placed  beneath  and 
against  the  bilge  of  a  cask  to  keep  the  latter  from 
rolling. 

3.  A  piece  of  wood  by  which  the  wheel  of  a  car- 
riage is  prevented  from  moving  forward  or  back- 
ward. 

In  the  United  States  Ordnance  Department  two 
kinds  are  employed,  the  simplest  form  being  tri- 
angular in  section,  while  another  description  of 
chock  is  wedge-shaped  and  provided  with  a  han- 
dle. 

Choo'o-late-milL  Chocolate  is  a  paste  made 
from  the  roasted  kernels  of  the  Theobroma  cacao 
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(food  for.  the  gods),  so  called  by  Linneeus,  who  so 
much  esteemed  it.  The  beverage  was  advertised  in 
London  in  1657,  as  "  an  excellent  West  India  drink 
called 'chocolate.'" 

The  roasted  and  crushed  seeds  of  the  cacao-nut 
tree  are  ground  between  two  horizontal  miUstoues, 
which  are  kept  at  a  temperature  of  about  200**  F., 
by  means  of  a  steam-jacket. 

The  nibs  pass  down  from  the  hopper  into  tha 
shoe,  which  is  shaken  by  a  tlamsel  on  tne  spindle  of 
the  runner  so  as  to  discharge  the  nibs  into  the  eye 
which  leads  them  to  the  space  between  the  stones. 
The  heat  and  friction  li urates  the  oil,  which  is 
one  third  of  the  weight,  and  the  cacao  issues  as  a 
paste  fi-om  the  spout  and  is  conducted  to  a  second 
and  similar  mill  whel-e  the  stones  are  similarly 
heated  but  are  closer  set,  so  as  to  still  farther 
reduce  the  paste.  It  is  dischai-ged  from  the  second 
grinding  in  a  liquid  condition  and  is  collected  in  a 
pan,  where  it  hardens  into  a  cake. 

To  enable  it  to  form  an  emulsion  with  water,  it 
receives  additional  substances.  Sugar,  honey,  mo- 
lasses, gum,  starch,  flour,  rice,  and  an-ow-root  are 
adapted  for  this  purpose.  Spices  and  flavoring  ex- 
tracts are  added  for  some  markets. 

Devinck's  machine  (English)  is  for  wrapping 
chocolate  in  paper  envelopes. 

Choir-or'gan.  {Music.)  One  of  the  three  ag- 
gregated organs  which  arc  combined  in  an  organ  of 
large  power.  The  />ther  two  are  the  great-orgasi  and 
the  swell.  The  gi'eat  organ  has  its  large  pipes  in 
front  and  its  bank  of  keys  occupies  the  middle  posi- 
tion ;  it  contains  the  most  important  and  powerful 
stops.  The  c^r-oi^n  has  its  key-board  beiow  that 
of  the  great-OT^iif  and  contains  stops  of  a  light  char- 
acter and  solo  stops.  The  swell  has  its  bank  of  keys 
the  highest  of  the  three,  and  has  louvre  boards  which 
may  be  opened  and  shut  by  means  of  a  pedal,  so  as 
to  m*oduce  crescendo  and  diminuendo  effects. 

Clioke-«trap.  (Saddlery.)  A  strap  passing  from 
•the  lower  portion  of  the  collar  to  the  oelly-band,  to 
keep  the  collar  in  place  when  descending  a  hill  or 
backing. 

Chon-drom'e-ter.  A  steelyard  for  weighing 
grain. 

Chon'dro-tome.  {Surgical.)  A  knife  specifi- 
cally adapted  to  dividing  cartilages. 

Chop.  The  movable  wooden  vise-jaw  of  a  car- 
penter's or  cabinet-maker's  bench. 

Chop-boat.  A  Chinese  lighter  for  transporting 
merchandise  to  and  from  vessels. 

Chop-ham'mer.    (Metal.)    A  cutting-hammer. 

Chop'nesa.    A  kind  of  spade  (English). 

Chop'per.  An  agricultuitd  implement  for  thin- 
ning out  plants  in  drills.  It  is  used  in  Eneland 
for  turnips  ;  in  the  United  States,  for  cotton-plants. 
Cotton-seed  is  drilled  in  and  comes  up  in  a  row  ;  the 
cotton -chopper  straddles  the  row  and  chops  wide 
gaps,  leaving  the  plants  in  hills.  These  are  thinned 
out  by  hand. 

Chop'ping-kxiifa  A  knife  designed  for  chopping 
meat,  vegetables,  fruit,  etc.,  upqn  a  board,  block,  or 
in  a  bowl.  Used  on  a  domestic  scale  for  cutting 
meat  for  mince,  hash,  sausage,  etc.  See  Sausage- 
machine. 

ChorL  The  angle  at  the  junction  of  the  blade  of 
a  penknife  with  the  square  shank  which  forms  the 
joint. 

Cho-rob'a-te.    The  Greek  level.     See  Level. 

Cho'ro-graph.  An  instrument  contrived  by  Pro- 
fessor Wallace,  of  Edinburgh.  "  To  determine  the 
position  of  a  station,  having  given  the  three  angles 
made  bv  it  to  three  other  stations  in  the  same 
plane  whose  positions  are  known." 
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The  problem  occurs  frequently  in  marijtime  sur- 
veyimj,  and  is  otherwise  stated  :  — 

**  To  construct  two  similar  triangles  on  two  given 
straight  lines." 

Chro-matlo  Printflng.  The  precursor  of  color- 
printing  was  the  illuminated  missal  with  its  initial 
letters  and  borders,  hand-painted  in  colors,  and  the 
playing-cards  upon  which  the  art  of  printing  was 
prst  executed  in  Europe.     See  Card. 

Koster's  Speculum  Hmnana  ScUvcUiones,  printed  at 
Haarlem,  1440,  has  engravings  on  wood  printed  in 
different  color  from  the  body  of  tlie  work. 

Fust  and  Shoeffer's  Psalter,  1457,  had  initial 
letters  and  flourished  lines  printed  in  two  colors, 
red  and  blue. 

The  art  soon  became  common,  and  towards  the 
end  of  the  fifteenth  century  imitations  of  pen-and- 
ink  sketches  on  a  colored  ground  were  made  by 
celebrated  artists.  This  was  followed  by  drawings 
on  blocks  in  regular  sets  for  separate  colors.  ^- 
bert  Durer  engraved  such  blocks ;  Parmigiano,  Titian, 
and  Raffaelle  made  designs  on  blocks  for  the  pur- 
pose. 

Jackson  started  a  paper-hanging  factory  at  Chel- 
sea, England,  1720-1754,  the  designs  being  print- 
ed in  oil  by  wooden  blocks.  He  appears  to  have, 
been  unsuccessful  in  some  details  and  in  the  specu- 
lation. 

The  art  was  adopted  and  improved  by  a  succes- 
sion of  persons  in  England  and  elsewhere ;  Skippe 
and  Savage  of  the  former,  and  Gubitz  of  Berlin, 
adding  considerably  to  the  eminence  already  attained. 

Savage  ground  the  various  pigments  of  the  painter 
into  iuKs,  and  imitated  water-color  drawing  success- 
fully. 

Whiting  and  Branston  applied  difTerent  colored 
inks  to  ornamental  borders,  and  to  notes,  bonds, 
checks,  etc.,  to  prevent  forgery. 

Yizitelly  and  Branston,  and  subsequently 
Baxter,  attained  considerable  excellence.  See 
Chromo-lithography. 

The  invention  patented  some  years  ago  by  Mr. 
Charles  Knight,  of  London,  is  a  process  whereby 
fac-similes  of  designs  in  four  colors  are  produced  on 
the  same  sheet  before  it  leaves  the  press,  by  means 
of  a  revolving  carriage  or  bed,  upon  which  the  blocks 
are  secured.  A  mode  of  printing  in  four  colors  by 
means  of  turning  the  tympan  with  the  sheet  secured 
on  it  was  somewhat  less  complicated  than  Mr. 
Knight's.  The  processes,  however,  necessitated  the 
application  of  the  four  colored  inks  at  every  revolu- 
tion and  impression,  and  also  involved  considerable 
outlay  for  machinery. 

In  Carpenter's  process  everything  is  carried  on  in 
as  straightforward  a  manner  as  in  ordinary  black 
printing.     It  may  be  thus  briefly  described  :  — 

A  form  is  set  up  by  the  compositor  ;  he  then  di- 
vides it  into  four  sections,  and  so  imposes  them  in 
one  chase  that  the  same  relative  comer  of  each 
(whichever  may  be  chosen)  shall  point  towards  the 
middle  of  the  chase.  It  is  then  ready  for  the  press- 
man. It  requires  inaHng  ready  with  points  placed, 
according  to  the  tact  of  the  workman,  in  such  posi- 
tion as  may  be  deemed  expedient,  four  points  being 
sufficient  in  all,  and  these  so  placed  that  the  sheet 
may  be  pointed  when  turned  either  to  the  right  or 
the  left  hand.  Should  1,000  copies  be  required,  the 
250  sheets  are  printed  in  the  first  color.  They  are 
then  simply  turned  one  quarter  round  in  either  di- 
rection and  printed  in  the  second  color.  The  opera- 
tion is  repeated  for  the  third  color,  and  a^n  for  the 
fourth  color.  This  produces  1 ,  000  perfect  impressions 
of  A>u^  varieties,  in  whiuh  the  Wors  are  differently 
arranged. 


Should  the  whole  possible  number  of  combina- 
tions of  four  colors  —  namely,  twenty-four  —  be  re- 
Suired,  nothing  more  is  necessary  than,  while  the 
leets  are  being  worked  in  the  second  color,  to  turn 
a  portion  of  their  number  into  the  third  and  fourth 
positions,  —  which  produces  three  kinds  of  ^eets  or 
twelve  single  varieties,  —  and  while  working  the 
third  color  take  half  of  each  of  the  three  kin<u  and 
work  them  respectively  in  the  second,  third,  and 
fourth  positions,  producing  six  kinds  of  sheets  or 
twenty-four  single  varieties. 

One  inkinff  apparatus  is  sufficient,  and  but  one 
ink  is  spread  at  a  time,  passing  over  all  of  the  forms 
at  once.  This  has  no  artistic  merit,  unless  mere 
blocks  of  color  in  given  juxtaposition  give  oppor- 
tunity for  the  exertion  of  taste  in  harmony  or  agree« 
able  contrasts.  It  is  not  very  different  from  print- 
ing in  colored  bands  or  lines  of  type  of  different 
colors. 

One  press  prints  in  several  colors  from  one  form 
and  at  one  impression  by  making  the  inking  cylin- 
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der  in  parts  and  supplying  the  sections  with  the 
separate  colors. 

Adams,  1844,  had  a  poly-chromatic  press  by 
which  a  number  of  colors  were  had  at  one  impres- 
sion by  a  series  of  separate  inkinc  fountains. 

M'Kenzie,  1846  ;  a  series  of  sliding  tympans  and 
corresponding  series  of  plates  for  the  separate  colors, 
which  impressed  the  paper  in  succession,  giving  a 
varicolored  result. 

Weaver,  1851  ;  an  ink  trough  with  perforated 
side  and  movable  partitions,  to  give  out  inks  of 
varying  colors  in  lines  or  belts  corresponding  to  the 
lines  of  type. 

Babcock,  1854  ;  a  sheet  carried  on  a  revolving- 
platen  to  plates  of  successive  colors. 
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Sweet,  1855  ;  narrow  distributing  rollers  carrying 
various  inks  and  laying  them  in  belts  on  the  inking- 
roller. 

Baker  and  Hill,  1868 ;  a  continuous  sheet  of 
paper  is  printed  in  two  colors,  by  intermittent 
motion  and  successive  expoKfture  to  two  reciprocating 
platens  carrying  forms  which  receive  their  specific 
colors  from  their  own  set  of  inking-roUers. 

In  Baylies  and  Wood,  1S67,  an  oscillating  frame 
carries  a  series  of  rollei-s  which  are  brought  in  con- 
tact with  fountain  rollers  of  a  series  of  fountains, 
each  carrying  different  colored  ink  ;  and  the  ink  is 
conununicated  by  another  series  of  rollers  to  the 
segmental  rollers,  which  in  turn  communicate  the 
ink  to  a  set  of  rollers  common  to  all,  and  by  which - 
the  type  is  inked  iu  strips  of  various  colora. 

Slater,  1868 ;  adjustable  parallel  inking- tables, 
each  carrying  its  own  color  and  furnishing  it  to  a 
belt  of  corresponding  width  on  the  inking-roUer. 

Hunt,  1868  ;  two  forms,  two  impressions,  ink- 
rollers  with  bands  of  colors. 

In  Dunk's  press  the  sheet  is  held  by  the  nippers 
while  it  receives  the  colors  consecutively.  There 
are  two  sectional  cylinders  revolving  in  unison,  one 
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of  them  carrying  the  required  number  of  forms  and 
the  other  a  corresponding  number  of  tympans,  while 
a  skeleton  cylinder  contains  the  nippers.  The  sheet 
is  retained  until  fully  printed,  in  toe  same  nippers, 
which  present  it  to  the  successive  forms,  from  each 
of  which  it  receives  an  impression  in  a  different  color. 

The  nipper  shafts  are  joumaled  in  wheels  of  larger 
diameter  tnan  the  platen-cylinder,  and  the  series  of 
nippers  outnumber  the  platen  surfaces.  The  platen- 
cylinder  has  longitudinal  recesses  in  its  penphery, 
into  which  the  nipper-shafts  enter  when  in  proxim- 
itv  to  the  form-cylinder,  and  by  the  larger  diameter 
of  the  nipper-wheels  the  sheets  are  earned  to  a  fresh 
surface  at  each  revolution  to  receive  the  portion  put 
on  in  fresh  color.  The  inking-rollers  are  moved  ra- 
dially, to  bring  them  t6  their  proper  type  and  to 
avoid  the  forms  carrving  another  color,  by  cam- 
^rooves  which  give  the  necessary  motion  to  their 
journal-frames.  The  distributors  have  their  recipro- 
cation by  the  obliquity  of  their  motive-wheel. 

A  valuable  article  on  the  colors  and  mixing  of 


colors  for  chromatic  printing  may  be  found  in  Ring- 
wait's  **  EncycloDffldia  of  Printing,"  pp.  109  - 112. 

Printing  in  colors  by  a  succession  of  colors  super- 
imposed as  to  those  portions  which  are  formed  by 
the  blending  of  tints  is  now  done  by  the  lithographic 
process.    See  Cheomo-lithography. 

Chro-matlc  Ther-mom'e-ter.  When  the 
edge  of  a  rectangular  plate  of  glass  is  applied  to  a 
piece  of  heated  metal,  or  other  substance  having  a 
temperature  different  from  that  of  the  glass,  and 
exposed  to'  a  beam  of  polarize'd  light,  colored  fringes 
are  developed.  As  tne  different  tints  depend  on 
the  different  temperatures  of  the  glass  (which  is 
supposed  to  be  known),  and  that  of  the  object  to 
which  it  is  applied,  the  color  of  the  central  fringe 
affords  a  means  of  inferring  approximately  the  tem- 
penv.ture  of  the  substance.     Becakde. 

C3u:o-mat'io  Type.  Type  made  in  parts,  which 
are  inked  of  various  colors  and  separately  impressed, 
so  as  to  unite  into  a  variegated  wnole. 

Chro'ma-soope.  An  instrument  to  exhibit  the 
three  optical  effects  of  colors  :  — 

1.  The  refraction  of  prisms  and  lenses. 

2.  The  transmission  of  light  through  transparent 
media. 

8.  The  reflection  of  speculums. 
Chro'ma-trope.    An  arrangement  in  a  magio- 
lantem  similar  in  its  effect 
to  the  kaleidoscope.    The  Fig.  1284. 

pictures  are  produced  by 
brilliant  deaigns  being 
painted  upon  two  circular 
glasses,  and  the  glasses 
being  made  to  rotate  in 
different  directions.  An 
endless  variety  of  changes 
in  the  pattern  are  caused  CSromatropt, 

by  turning  the 

wheel,  sometimes  slowly,  then  quickly, 
backward  and  forward. 

Chro'ma-t3rpe.  {Photography.^  A 
process  in  which  the  chromic  acid  is  de- 
oxidized. There  are  several  modes  of 
getting  photographs  by  the  chromine  salts 
preferably  the  bichromate  of  potash. 

Chro-meid'o-Bcope.  The  same  as 
Debuscope  (which  see). 

Chro'mi-om'e-ter.  An  instrument 
for  determining  the  purity  of  water  by  its 
colorlessness.  It  consists  of  a  glass  tube 
of  about  a  yard  in  len^h,  closed  at  the 
end  by  a  cork,  and  resting  upon  a  white 
dish  of  porcelain.  A  green  tinge  is  pro- 
duced by  minute  algse,  a  white  opacity  often  by 
fungoid  growths  ;  iron  salts  are  indicated  by  a  pecu- 
liar ochry  color. 

Chro'ini-iiin.  Equivalent,  26.4;  symbol,  O.  ; 
specific  gravity,  6.81 ;  is  infusible  except  with  an 
oxy.-pyd.  blow-pipe.  A  grayish-white,  brittle,  hard 
metal,  and  combined  with  iron  makes  an  alloy  which 
resists  all  tools  of  steel,  and  is  used  for  safes. 

Compounds  of  chromium  make  beautiful  pigments, 
and  afford  colors  for  glass,  porcelain,  and  enamels. 

Chro'mo.    A  contraction  of  chromo-lithrograph 
adopted  by  Mr.   Prang,  of  Boston,  for  reasons  of 
brevity  and  as  a  trade- mark  to  indicate  his  produc-  • 
tions.    See  Chromo-lithography. 

Chro'mo-li-thog'ra-phy.  The  art  of  color- 
stone  draunng  as  indicated  by  the  three  Greek 
words  from  which  the  name  is  derived.  Color- 
printing  was  first  applied  in  Europe  to  illuminating 
missals  and  printing  playing-cards.  (See  Chromatic 
Printing.)  The  pnntmg  in  a  number  of  colors  on 
wooden  blocks  or  metallic  plates  was  never  success- 
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fill  in  an  artistic  point  of  view,  inasmuch  as  the 
CTadations  of  light  and  shade  can  only  be  expressed 
by  lines  of  different  thickness  and  by  isolated  dots, 
and  do  not  admit  of  the  complete  blending  of  tints 
necessary  to  imitate  the  effect  of  an  oil-painting. 
This  was  accomplished  when  the  art  of  litnography 
was  brought  in  aid.  Baxter,  1803-1861,  in  England, 
produced  some  really  pretty  work  by  a  combination 
of  metallic  plates  and  wooden  blocks. 

Lithography  was  invented  by  Alois  Senefelder, 
who  was  born  at  Prague,  1771.  (See  Lithography.) 
In  short,  it  may  be  described  as  drawing  upon 
stone  with  a  material  which,  when  treated  with 
certain  chemicals,  will  take  up  the  printer's  ink 
when  rolled  up.  Senefelder,  even  at  that  early 
date  in  the  history  of  the  art,  spoke  of  the  possi- 
bility of  making  fac-similea  of  oil-paintings.  Storch 
and  Kramer,  of  Berlin,  successfully  reproduced  oil- 
paintings  by  this  process  (1840-1850). 

In  making  chromo-lithoCTaphs,  an  outline  draw- 
ing is  made  by  tracing,  and  this  is  transferred  to  all 
the  stones  (one  for  each  color),  required  to  com- 
plete the  picture ;  so  as  to  secure  exactness  in  the 
corelation  of  all  \ya,Tt8  on  each  stone.  Within  these 
outlines,  and  upon  these  different  stones,  the  artist 
draws  the  different  tints  and  colors.  The  number 
of  stones,  or  plates,  needed  to  complete  the  chrorao, 
varies  of  course  with  the  character  of  the  picture  to 
be  reproduced.  The  highest  number  of  stones, 
each  representing  one  tint  or  color,  employed  by 
Prang  upon  the  famous  chromo  called  "Family 
Scene  in  Pompeii,"  was  43.  An  artist  must  have 
not  only  a  high  degree  of  skill  in  drawing,  but 
must  possess  a  fine  feeling  for  and  a  thorough 
knowledge  of  color,  and  when  a  picture  is  presented 
to  him  he  must  be  able  to  tell,  approximately  at 
least,  what  number  of  plates  will  be  required  to  re- 
produce it,  and  in  what  onler  the  tints  and  colors 
must  follow  each  other.  Furthermore,  when  draw- 
ing a  new  stoue  for  a  chromo  in  process  of  printing, 
he  must  not  only  be  able  to  calculate  what  effect 
the  tint  or  color  in  which  the  plate  is  to  be  printed 
will  have  upon  the  preceding  tints  or  colors,  —  which 
latter  will  partly,  or  perhaps  wholly,  underlie  the 
new  color,  —  but  he  must  also  keep  in  view  the  tints 
and  colors  still  to  be  added,  which  again  in  their 
turn  will  tend  to  modify  or  alter  all  those  already 
printed.  Thus  it  will  be  seen  that  the  accusation 
sometimes  leveled  against  chromos  —  viz.,  that  they 
are  merely  mechanical  productions  —  is  wholly  un- 
founded. 

To  treat  it  more  in  detail,  it  may  be  said  that  the 
drawing  is  made  upon  the  slab  with  a  sort  of  colored 
soap,  which  adheres  to  the  stone  and  enters  into  a 
chemical  combination  with  it  after  the  application 
of  certain  acids  and  gum.  When  the  drawing  is 
complete,  the  slab  is  put  on  the  press,  and  carefully 
dampened  with  a  spong«.  The  oil  color  is  then  ap- 
plied with  a  leathern  roller.  The  parts  of  the  slab 
which  contain  no  drawing,  being  Avet,  resist  the 
ink  ;  while  the  drawing  itself,  being  oily,  repels  the 
water,  but  retains  the  color  applied. 

In  chromo,  the  first  proof  is  a  light  ground-tint," 
covering  nearly  all  the  surface.  It  has  only  a  faint, 
shadowy  resemblance  to  the  completed  picture.  It 
is  in  fact  rather  a  shadow  than  an  outline.  The 
next  proof,  from  the  second  stone,  contains  all  the 
shades  of  another  color.  This  process  is  repeated 
again  and  again  ;  frequently,  as  often  as  thirty 
times.  The  number  of  impressions,  however,  does 
not  necessarily  indicate  the  number  of  colors  in  a 
painting,  because  the  colors  and  tints  are  greatly 
multiplied  by  combinations  created  in  the  process 
of  printing  one  over  another.     In  twenty-five  im- 


pressions, it  is  sometimes  necessary  and  possible  to 
produce  a  hundred  distinct  shades. 

The  last  impression  is  made  by  an  engraved  stone, 
which    produces   a   resemblance    to    canvas.      On 

S roper  registering,  the  entire  possibility  of  pro- 
ncing  a  picture  at  every  stage  of  its  progress  de- 
pends. "  Registering"  is  that  part  of  a  pressman's 
work  which  consists  in  so  arranging  the  paper  in 
the  press,  that  it  shall  receive  the  impression  on 
exactly  the  same  spot  of  every  sheet. 

Chro'mo-type.  1.  A  sheet  printed  in  colors. 
The  modes  are  various,  but  the  usual  plan  is  to  pre- 
pare a  block  for  each  color,  or  a  form  for  each  color, 
and  to  place  the  paper  upon  each  in  succession,  the 
exact  place  being  preserved  at  each  impression  by 
means  of  re^ster  pins  or  a  similar  device.  See 
Chromatic  Printing  ;  Ghromo-lithoorapht. 

2.  A  photographic  picture  produced  in  the  natu* 
rel  colors.  This  was  long  sought  by  Niepce  de  St. 
Victor,  and  he  announced  his  success  even  with  yel- 
low, but  no  way  has  been  discovered  of  fixing  these 
heliochromic  pictures. 

Chro'mo-8cylo-f;raph.  A  colored  picture 
produced  by  a  succession  of  wooden  blocks,  each 
bearing  its  separate  color.  See  Chromatic  Print- 
ing. 

Chro'no-graplL    A  time  indicator. 

Astronomical  intervals  are  noted  by  prcssine  a 
key  which  makes  one  dot  or  puncture  on  a  traveling 
strip  of  paper  and  another  at  the  end  of  the  observe, 
tion.    Sucn  a  time-paper  becomes  a  record. 

The  racer's  chronograph  is  one  which  deposits 
ink-spots  on  a  traveling  paper  at  the  start  and  ar- 
rival of  the  horses. 

Professor  Glaesner,  of  the  University  of  Li^ge, 
has  a  chronograph  for  the  measurement  of  very  mi- 
nute particles  of  time  by  the  application  of  electro- 
magnetism.  To  measure  the  velocity  of  a  cannon- 
ball,  a  series  of  targets,  consisting  of  hoops  inter- 
sected by  wires,  are  placed  at  given  distances  apart. 
The  wires  of  each  hoop  communicate  with  a  separate 
electro-magnetic  apparatus,  by  which  an  iron  pencil- 
holder  is  kept  in  an  unvarying  position  by  attraction 
so  long  as  the  circuit  is  not  interrupted.  Opposite 
and  close  to  this  pencil-holder  there  is  a  cylinder 
turning  on  its  axis  at  the  rate  of  four  revolutions  in 
a  second.  Its  surface,  which  is  covered  with  paper, 
is  divided  into  five  hnndi-ed  parts  by  lines  drawn 
parallel  to  its  axis,  so  that  each  part  represents  one 
two-thousandth  of  a  second.  Its  motion  is  effected 
by  clock-work.  Now,  whenever  the  electric  cur- 
rent is  interrupted,  the  pencil-holder  ceases  to  be 
attracted,  and  falls  on  the  surface  of  the  cylinder, 
on  which  its  jiencil,  therefore,  describes  a  line. 
Whenever  the  circuit  is  completed  the  pencil-holder 
is  reattracted  and  leaves  the  paper.  Let  us  now 
suppose  a  cannon-ball  to  be  fired  through  all  these 
targets,  so  placed,  of  course,  as  to  lie  in  the  path  of 
the  curve  described  by  the  missile.  Each  time  it 
passes  through  one  of  the  hoops  it  snaps  asunder 
one  of  the  wires  ;  the  circuit  is  consequently  inter- 
rupted, the  pencil-holder  falls  and  marks  the  precise 
time  of  the  passage.  And  so  on,  from  tai^i^t  to 
target,  each  of  which,  as  we  have  said,  is  connected 
with  a  separate  apparatus.  In  this  way  both  the 
space  and  the  time  employed  in  ^ing  over  it  being 
determined,  the  velocity,  which  ta  the  ratio  of  time 
to  space,  is  detennined  also  to  a  fraction  of  one 
two-thou.sandth  of  a  second. 

Since  1848,  the  idea  of  recording  astronomictl 
observations  by  galvanic  electricity  has  been  pat  m 
successful  operation  by  several  individuals  ;  Pro- 
fessor Hilgard  of  the  coast  survey,  and  Professor 
Hough  of  the  Dudley  Observatory,  among  the  num- 
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ber.  The  chronograph  of  the  latter  prints  with 
type  the  time  of  an  observation.  The  professor  thus 
describes  it  in  brief.  The  plan  is  based  upon  the 
principle  of  using  separate  systems  of  mechanism 
tor  the  fast  moving  type-wheel,  and  those  recording 
the  integer  minutes  and  seconds,  regulating  each 
with  electro-magnets  controlled  by  the  standard 
clock. 

I.  A  system  of  clock-work  carrying  a  type-wheel 
with  fifty  numbers  on  its  rim,  revolving,  once  every 
second  ;  one,  twp,  or  parts  of  two  numbers  being 
always  printed,  so  that  hundredths  of  seconds  may 
be  indicated.  Tliis  train  is  primarily  regulated  to 
move  uniformly  by  the  Frauenhofer  friction  balls, 
and  secondarily  by  an  electro-magnet  acting  on  the 
»fast  moving  type- wheel,  and  controlled  by  the  stand- 
ard clock.  Tnis  train  is  entirely  independent,  and 
can  be  stopped  at  pleasure,  without  interfering  with 
the  other  type-wheels. 

II.  A  system  of  clock-work  consisting  of  two  or 
more  shafts,  carrying  the  type-wheels  indicating 
the  minutes  and  seconds.  The  motion  of  this  train 
is  also  governed  by  an  electro- magnet,  controlled 
by  the  standard  clock,  operating  an  escapement,  in 
a  manner  analogous  to  the  action  of  an  ordinary 
clock ;  every  motion  of  the  escapement  advancing 
the  type  one  number.  There  are  three  type- wheels, 
indicating  minutes,  seconds,  and  hundredths  of 
seconds.  The  integer  seconds  are  advanced  at  every 
oscillation  of  the  standard  pendulum,  and  the 
minute,  at  the  end  of  each  complete  revolution  of 
the  seconds  wheel.  The  type- wheels  are  constructed 
of  brass  disks,  around  the  circumference  of  which  is 
soldered  a  strip  of  electrotype  copper,  holding  sixty 
numbers. 

The  record  is  made  by  an  armature  hammer,  the 
hammer  being  raised  by  weight  and  gear.  The 
types  are  inked  by  small  rollers.  The  paper  fillet, 
two  inches  in  width,  is  wound  on  a  small  spool, 
holding  about  forty  feet,  and  drawn  between  two 
rollers,  the  same  as  a  Morse  register.  Every  time 
the  hammer  falls,  the  fillet  is  advanced  about  one 

Quarter  of  an  inch,  by  the  action  of  an  escapement 
riven  by  a  weight.  One  spool  of  paper  will  hold 
about  1,200  observations,  including  the  spacing  for 
ditterent  objects.  This  same  escapement  is  also 
operated  by  an  electro-magnet,  under  the  control  of 
the  observer,  who,  by  pressing  a  key,  is  able  to  make 
spaces  of  any  width  between  the  prints. 

The  train  carrying  the  minutes  and  int^r 
seconds  will  run  eight  hours  ;  the  gear  for  elevating 
the  hammer  will  deliver  800  blows  ;  and  the  train 
for  moving  the  paper  fillet  will  go  1,200  times 
without  winding.  The  fast  moving  train  runs  one 
hour  and  thirty-six  minutes  ;  but  since  this  train 
can  be  stopped  at  pleasure,  without  changing  the 
zero  of  the  type,  its  comparatively  brief  running  is 
not  a  serious  inconvenience. 

Chro-nom'e-ter.  1.  A  chronometer  is  a  meas- 
urer of  time,  and  this  general  meaning  would  include 
clocks,  w^atches  of  all  kind.s,  clepsydras,  and  some 
other  devices,  such  as  hour-glasses  and  the  graduated 
candles  of  the  beloved  King  Alfred.  The  term  is, 
however,  applied  in  a  restricted  sense  to  those  hav- 
ing adjustments  and  compensations  for  the  fluctua- 
tions of  temperature.  These  have  been  adapted  to 
the  clock  and  to  the  watch  :  in  the  former  the  mer- 
curial pendulum  of  Graham  and  the  gridiron  pendu- 
lum ot  Harrison  may  be  cited  ;  raid  in  the  latter, 
the  expanding  and  contracting  balance-wheel,  de- 
pending upon  the  unequal  expansion  under  changes 
of  temperature  of  two  different  metals.  With  the 
improvements  as  adapted  to  instruments  having  a 
balance-wheel  this  article  has  to  do. 


The  proposition  to  determine  longitude  at  sea  by 
means  of  a  timepiece  and  observation  for  noon  was 
made  by  Gemma  Frisius,  in  1530.  The  attempt  did 
not  fail  for  want  of  suggestions ;  Alonzo  de  Santa 
Cruz  8Ugge.sted  to  determine  it  by  the  variation  of 
the  compass-needle,  and  by  sand-and-water  time- 
})iece.s,  wheel- work  moved  by"  weights,  and  by 
**  wicks  saturated  with  oil,"  which  were  supposed  to 
burn  equal  lengths  in  given  periods  of  time. 

During  the  sixteenth  and  seventeenth  centuries 
the  Spanish,  Dutch,  French,  and  English  govern- 
ments had  offered  rewards  for  an  instrument  which 
should  determine  longitude  within  a  certain  speci- 
fied degree  of  accuracy.  Sir  Isaac  Newton  sug- 
gested the  discovei-y  of  the  longitude  by  the  dial  of 
an  accurate  time-keeper,  and  the  Parliament  of 
Queen  Anne  in  1714  passed  an  act  granting  £10,000 
if  the  method  discovered  the  longitude  to  a  de^ee 
of  sixty  geographical  miles,  £16,000  if  to  forty  miles, 
£20,000  if  to  thirty  miles,  to  be  determined  ])y  a 
voyage  from  England  to  some  i>on  in  America. 

John  Harrison,  bom  in  1693  at  Faulby,  near 
Pontefract,  in  England,  undertook  the  task,  and 
succeeded  after  repeated  attempts,  covering  thp  period 
1728  - 1761.  His  first  timepiece  was  made  in  1735  ; 
the  second  in  1739  ;  the  third  in  1749  ;  the  fourth 
in  1755,  the  year  of  the  great  earthquake  at  Lisbon, 
in  1758  his  instrument  was  sent  in  a  king's  ship  to 
Jamaica,  which  it  i*eached  5"  slow.  On  the  i-eturn 
to  Portsmouth,  after  a  five  months*  absence,  it 
was  1'  5"  wrong,  showing  an  error  of  eighteen 
miles  and  within  the  limits  of  the  act.  He  received 
the  reward  of  forty  years'  diligence  in  instalments. 
He  died  in  1776. 

Arnold    made    many    im-  Fig.  128& 

provements,     and     received 
government  rewards  amount-  fl 
ing  to  £3,000. 

Mr.    Denison   states    that 
E^rnshaw  brought  the  chi*o-  j^ 
nometer  to  its  pj-esent  per- 
fection. 

The  principles  of  the  com- 
pensation balance  are  ex- 
plained under  Compen8.\- 
TioN  Balance  (which  see). 

a  a\  box  and  its  lid. 

hf  chronometer  suspended 
in  gimbals.    .  ' 

c,  clironometer  balance. 

Chronometei-s  arc  known 
as  sJiip'a  and  pocket. 

The  rating  of  chronometers  is  usually  conducted 
at  government  observatories. 

The  instruments  are  sent  from  the  difTerent 
watch-makers  and  received  at  stated  periods.  They 
remain  the  greater  part  of  a  year,  their  rates  being 
noted  daily  by  two  persons.  The  best  receive 
l)rizes  and  are  purchased  for  the  navy  ;  others  re- 
ceive certificates  of  excellence ;  others  are  unre- 
warded. On  their  arrival  in  January,  they  are  left 
to  the  ordinary  atmospheric  temperature  for  some 
months  ;  their  rates  are  taken  under  these  condi- 
tions. 

The  apartment  is  then  heated  to  a  tropical  tem- 
perature, and  the  rate  taken. 

j      They  are  then  placed  for  a  certain  period  in  trays 
over  the  stove,  and  the  rate  taken. 

They  are  then  placed  in  a  refrigerating  chamber 
cooled  by  a  freezing  mixture,  and  the  rate  taken 
under  this  artificial  arctic  temperature. 

Their  capacity  to  stand  these  variations  consti- 
tutes their  value,  and  their,  actual  mnge  of  exposure 
may  be   estimated   at  180°  — from  the  +  J 20*. of 
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Aden  and  Fernando  Po  to  the  —  60*  of  the  Arctic 
regions  when  frozen  in  the  pack  of  ice  and  watching 
through  the  long,  long  night. 

The  two  columns  on  which  most  reliance  is 
placed  in  the  schedule  of  performances  are  :  — 

a.  **  Difference  between  greatest  and  least  rate." 

b.  "Greatest  difference  between  one  week  and 
the  next." 

2.  (Music,)  An  instrument  to  indicate  musical 
time.     A  metronome, 

Chro-nom'e-ter-ea-cape'ment  The  chronom- 
eter-escapement was  invented  by  Berthoud,  and  im- 
proved by  Harrison,  Arnold,  Eiarnshaw,  and  Dent. 
It  is  the  most  perfect,  delicate,  and  satisfactory  in 
its  operation,  of  all  the  escapements.  It  is  also  kept 
more  carefully,  at  least  in  marine  chronometers,  as 
the  ginibal-joint  hanging  enables  it  to  maintain  a 
constant  position  relatively  to  the  horizon,  and  it  is 
carefully  guarded  from  jars. 

There  are  several  points  which  distinguish  it  from 
other  escapements,  and  several  which  it  has  in  com- 
mon with  one  or  more  of  the  others. 

The  piece  carrying  the  deterU-pallet  is  a  spring, 
and  its-motion  to  free  the  tooth  of  the  escape-wheel 
is  by  the  contact  of  a  pin  or  tooth  on  the  veige  with 
a  secondary  spring  attached  to  the  former. 
As  the  balance  oscillates  in  the  direction  of  the 
arrow,  its  tooth  F  comes  in 
contact  with  the  secondary 
spring  a,  and  presses  the 
lever,  so  that  its  tooth  T  is 
I  freed  from  the  tooth  of  the 
escape-wheel.  A  ruby  pal- 
let P  on  the  verge  receives 
the  impact  of  another 
scape-tooth,  and  the  bal- 
ance receives  its  impulse 
thereby.  As  the  balance 
returns,  its  verge-tooth  F 
presses  past  tne  spring 
without  moving  the  lever 
which  restS'agamst  a  stop. 
The  impulse  is  commu- 
nicated from  the  scape- 
wheel  direct  to  the  bal- 
ance-arbor, as  it  is  also  in  the  duplex  movement, 
not  OS  in  the  lever  movement  where  a  pivoted  lever 
intervenes. 

Arnold's  chronometer-escapement  is  substantial- 
ly the  same  ;  a  secondai^  spring  attached  to  the 
spring-lever  is  made  effective  m  vibrating  the  latter 
when  moved  in  one  direction,  and  in  the  other  is  so 
pliable  as  to  allow  the  verge-tooth  to  pass  freely. 
As  just  explained,  the  stroke  which  raises  the  spring- 
lever  withdraws  the  detent  from  the  tooth  of  the 
scape- wheel,  and  at  the,  same  time  that  this  tooth 
escapes,  another  strikes  a  pallet  on  the  arbor  of  the 
balance,  and  restores  to  the  balance-wheel  the  force 
lost  during  a  vibration. 

The  free  movement  of  the  balance  is  only  opposed 
at  one  point  during  a  complete  oscillation. 

Chro'no-met'no  OoT'em-or.  A  device  by 
which  a  time-measurer  set  to  work  at  a  prescribed 
and  equable  rate  is  made  to  regulate  the  motion  of  an 
engine.  Invented  by  Wood  and  improved  by  Siemen. 
Chron'o-soope.  Invented  by  Professor  Wheat- 
stone  in  1840,  to  measure  small  intervals  of  time. 
It  has  been  applied  to  ascertaining  the  velocity  of 
projectiles.  In  Pouil1et*s  chronoscope,  a  galvanic 
current  of  very  short  duration  makes  a  magnetic- 
needle  deviate,  the  duration  of  the  current  being 
measured  by  the  amount  of  deviation ;  by  this 
means  as  short  a*  time  as  some  thousandths  of  a 
second  can  be  measured.     Schutz's  chronoscope  was 
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employed  by  the  Ordnance  Department  at  the  ex- 
perimental firings  at  Fortress  Monroe.  The  ap- 
paratus, operated  by  electricity,  is  described  as  fol- 
lows : —  Two  wire  targets  are  placed,  one  about 
twenty  yards  from  the  gun,  and  the  second  about 
the  same  distance  farther  on.  These  are  connected 
by  a  fine  insulated  wire  with  the  instrument,  which 
is  about  400  yards  in  the  rear  of  the  ordnance.  The 
instniment  is  adjusted  on  a  plau  similar  to  an 
electro- ballistic  machine.  When  the  shot  is  fired,  it 
cuts  the  wire  in  the  first  tai^t,  and  then  in  like 
manner  cuts  the  wire  in  the  second  target,  the  in- 
stant each  wire  is  severed  being  recorded  by  the 
instrument.  The  interval  of  time  occupied  by  the 
ball  in  passing  from  one  target  to  the  other  funushes 
the  data  for  obtaining  the  initial  velocity  of  the 
shot. 

Noble's  chronoscope  is  used  for  measuring  the 
velocity  of  the  shot  during  its  passage  through  the 
^n.  The  ball  presses  upon  a  series  of  disks  which 
in  moving  break  or  make  electric  connections, 
which  are  recorded  on  a  rapidly  rotating  disk  which 
has  a  known  rate.  ■ 

Chrys'o-tjrpe.  {Photography,)  A  process  by  Sir 
John  Herschel  in  which  a  sheet  of  paper  is  satuated 
with  a  solution  of  ammonio-citrate  oi  iron  dried  in 
the  dark.  Exposed  in  a  camera  or  printing-frame, 
the  faint  picture  is  developed  by  brushing  over  with  a 
neutral  solution  of  chloride  of  gold  washed  in  water 
repeatedly,  fixed  by  a  weak  solution  of  iodide  of  po- 
tassium, and  then  finally  washed  and  dried. 

Chrys-tqillo-type.  {Photography.)  A  name 
given  to  a  kind  of  picture  on  a  translucent  material 
Opalotype. 

Chuck.  1.  An  appendage  to  a  lathe.  Being  screwed 
on  to  the  nose  of  the  mandrel,  it  is  made  to  grasp 
the  work  to  be  turned.    There  are  several  varieties, 


Arbor. 

Geometric. 

Branch." 

Obliuue. 

Centering. 

Oval. 

Concentric. 

Plain. 

Driver. 

Prong. 

Eccentric. 

Ring. 

Elastic. 

Screw. 

EpicycloidaL 

Surface. 

Expanding. 

Universal. 

An  expansumox 

elastic  chuck  a,  having  a  certain 

range  of  capacity. 

may  be  formed  by  giving  a  quad- 
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rafid  cleft  to  the  end  of  a  cylindrical  tube,  whose 
other  end  screws  on  to  the  threaded  mandrel  of  the 
lathe-head.  The  object  to  be  turned  is  thrust  into 
the  chuck,  expanding  the  quadripartite  socket. 

b  is  Beach's  patent  drill-chuck. 

c,  center-drill  chuck. 

d^  Warwick  chuck. 

e,  Morse's  adjustable  chuck. 

A  circular  saw  of  small  diameter  may  be  mounted 
on  a  lathe-chuck  /,  which  has  an  axial  tenon  to  tit 
the  hole  in  the  saw,  and  a  central  screw  or  nut  to 
lix  the  same. 

Opticians  use  this  mode  for  the  small,  thin  saws 
with  which  they  cut  the  notches  in  the  tubes  serv- 
ing as  springs  in  pocket-telescopes. 

Carvers  in  ivory  mount  their  saws  in  a  similar 
manner.  The  saws  for  cutting  the  nicks  in  screw- 
heads,  and  those  for  making  slits  in  gas-burners, 
may  be  chucked  or  mounted  on  a  mandrel. 

l*he  small,  wooden  mechanism  fur  the  interior  of 
pianos  is  cut  by  saws  similarly  mounted. 

^  is  a  scroll  chuck  with  three  radially  a4ju8table 
dotfs. 

A  is  a  planer  chuck. 

i  is  a  screw  chuck. 

ib  is  an  independent  jaw  chuck. 

The  eccentric  chuck  is  designed  for  changing  the 
center  of  the  work,  and  consists  of  two  principal 
pieces  ;  one  attachable  to  the  mandrel  of  tne  lathe 
and  the  other  acUustable  in  a  plane  at  right  angles 
to  the  axis  of  motion,  in  a  dovetail  groove  of  the 
former  piece.  The  sliding-piece  is  moved  by  a  set 
screw. 

The  elliptic  or  oval  chuck  was  invented  by  Abra- 
ham Sharp,  and*  consists  of  three  parts,  the  chuck, 
the  slidc}\  and  the  eccetUric  circle.  The  chuck  is 
secured  to  and  partakes  of  the  circular  motion  of 
the  mandrel.  In  front  of  the  chuck  is  a  dovetail 
groove  for  the  reoeption  of  a  slider,  from  the  center 
of  which  projects  a  screw  to  which  the  work  is  at- 
tached. As  the  work  turns  round,  it  has  a  sliding 
motion  across  the  center  which  generates  an  ellipse. 
The  sliding  motion  is  produced  by  an  eccentric 
circle  or  ring  of  brass  fastened  to  the  puppet  of  the 
lathe  close  to  the  collar  in  which  the  neck  of  the 
mandrel  runs. 


Fig.  1288, 


A  straighi'line  chuck 
is  used  in  a  rose-engine 
when  the  patterns  are 
to  be  made  to  follow  a 
straight  instead  of  a 
circular  direction. 

A  geometric  chuck 
has  a  radial  slider  to 
which  the  work  is  at- 
tached, and  this  is  so 
governed  as  to  give  a 
combined  circular  mo- 
tion and  radial  oscilla- 
tion to  the  work  rela- 
tively to  the  tool.  See 
Geometric-lathe; 

RodE-ENOINE. 

Fig.  1288  shows  three 
forms  of  lathe-chucks 
having  jaws  to  grasp 
the  tool  or  the  work, 
as  the  case  may  be. 

a.  The  stock  of  the 
chuck  terminates  in  a 
conical,  threaded  head, 
which  opens  or  clases 
the  jaws,  which  are 
threaded,  and  slide  in  grooves  in  the  conical  shell. 


Chucks. 


b.  The  nut  has  a  conical  opening  in  the  end 
which  operates  against  the  inclined  backs  of  the 
jaws,  to  clamp  them  upon  the  drill ;  when  relieved 
they  are  expanded  by  springs. 

c.  This  chuck  belongs  to  that  class  which  u 
constructed  with  screws  for  the  purpose  of  operating 
the  iaws.  It  is  provided  with  a  double  screw,  the 
pitch  of  one  bem^  just  half  that  of  the  other,*  to 
operate  the  jaws  simultaneously  in  opposite  direc- 
tions so  that  they  will  approach  or  recede  from  the 
center  at  equal  speed,  thereby  forming  a  self-center- 
ing mechanism. 

2.  {Nautical.)  d  is  tk  warping  chuck  in  which 
hawsers  or  ropes  run.  Friction  rollers  prevent  the 
wearing  of  the  rope.  It  is  u.sed  on  the  rail  or  other 
portion  of  a  ship's  side. 

Chuok-lathe.  A  lathe  in  which  the  work  is 
held  b^  a  socket  or  grasping  device  attached  to  the 
revolving  mandrel  of  the  head-stock.  It  is  used  for 
turning  short  work  such  as  cups,  spools,  balls,  and 
a  great  variety  of  ornamental  and  useful  articles. 
See  Chuck. 

Chum.  A  vessel  in  which  milk  or  cream  is  agi- 
tated to  induce  the  separation  of  the  oily  globules 
from  the  other  portions. 

The  ancient  mode  of  making  butter  was  probably 
the  same  as  practiced  by  the  Bedouin  Arabs  and 
the  Moors  in  Barbary  at  the  present  day.  The 
cream  is  placed  in  a  goat-skin  and  agitated  by  hand 
or  by  treading  it  with  the  feet. 

The  butter  and  honey  mentioned  by  Isaiah  vii 
15,  is  to  this  day  an  article  of  food  m  the  East. 
The  butter  and  honey  are  mixed  and  the  bread  dipped 
in  it. 

The  word  chamea,  rendered  butter  in  our  transla- 
tion of  the  Bible,  seems  to  have  referred  to  several 
forms  of  milk  and  its  pi-oductions,  such  as  sweet  or 
sour  milk,  cream,  thick  milk,  curd,  or  butter.  The 
latter  is  perhap  the  most  infrerjuent  form  of  its 
use,  but  IS  evidently  intended  in  those  passages 
where  the  article  is  used  for  anointing.  It  was 
"butter  of  kine  and  milk  of  sheen"  thst  made 
Jeshurun  "wax  fat  and  kick."  Abraham  "took 
butter  and  milk  and  the  calf  which  he  had  dressed 
and  set  before"  three  stranger  visitors.  Sisera 
"asked  water,  and"  Jnel  the  wife  of  Heber  the 
Kenite  "gave  him  milk  ;  she  brought  forth  butter 
in  a  lordly  dish  "  before  she  nailed  him  to  the 
ground  with  a  tent-pin  and  a  hammer.  Job  refers 
to  the  time  when  he  anointed  his  feet,  or  as  he  ex- 
pressed it,  "washed  my  sU'ps  with  butter,  and  the 
rock  floured  me  out  rivei-s  of  oil."  "Surely  the 
churning  of  milk  bringeth  forth  butter."  The 
reader  can  pick  out  the  various  probabilities  of  each 
case  for  himself.  It  must  be  mentioned,  however, 
that  the  word  rendered  churning  may  be  just  as 
correctly  rendered  prcvting,  and  may  refer  to  the 
pressing  of  curd  to  rid  it  of  the  whey".  Sweet  milk 
occupied  but  a  limited  space  in  the  Oriental 
economy,  ancient  or  modem.  It  necessarily  be- 
came soon  soured,  and  they  accepted  the  situation. 
The  leban  (coagulated  milk)  of  the  Arabs  was  aud 
is  the  usual  form  in  which  milk  is  used. 

The  Turks  yet  show  their  Tartar  origin  in  the 
preference  for  sour  over  sweet  milk. 

We  have  a  mention  of  butter  in  the  description 
of  the  Scythians  by  Herodotus  (6.  484  B.  c.J. 
"These  people,"  says  he,  "pour  the  milk  of  their 
mares  into  wooden  vessels,  cause  it  to  be  violently 
stirred  or  shaken  by  their  blind  slaves,  and  separate 
the  part  that  arises  to  the  surface,  as  they  consider 
it  more  valuable  and  more  delicious  than  that  which 
is  collected  below  it."    This  is  evidently  butter. 

Hippocrates  (460  B.   c.)  describes    the  'process 
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more  clearly,  stating  that  the  lighter  portion  (but- 
ter) rises  to  the  top,  and  the  other  ^rt  was  sepa- 
rated into  a  liquid  and  solid  portion  (curd  and 
whey)^  of  which  the  former  was  pressed  and  dried 
{cheese). 

Ths  butter  is  recommended  by  this  "father  of 
medicine"  as  an  ointment,  and  subsequently  by 
Galen,  A.  D.  131. 

The  poet  Anaxandrides,  describing  the  wedding 
of  Iphicrates,  who  married  the  daughter  of  Cotys, 
king  of  Thrace,  wondered  that  the  latter  people  ate 
butter. 

The  references  to  butter  are  occasional  only  ;  by 
Aristotle,  who  speaks  of  it  as  the  oily  part  of  milk  ; 
by  Strabo,  who  speaks  of  its  use  by  the  Ethiopians  ; 
by  Plutarch,  who  speaks  of  a  Spartan  lady  anointed 
with  butter,  and  smelling  so  loudly  that  Berenice, 
her  hostess,  positively  could  not  stand  it.  Berenice 
on  her  part  smelt  so  strongly  of  rancid  oil,  that  the 
Spartan  was  happy  to  leave. 

Diosoorides  and  Galen  refer  to  the  use  of  butter 
as  a  substitute  for  olive-oil  as  a  dressing  for  table  use 
or  for  leather.  Lamp-black,  obtained  by  the  burning 
of  butter,  they  recommend  for  an  eye-salve. 

Pliny  describes  the  use  of  butter  and  cheese  by 
the  ".barbarous"  Germans.  The  Romans  used  but- 
ter for  anointing,  the  Germans  for  a  hair-dressing, 
the  Egyptians  for  burning.  None  of  them  probably 
knew  the  taste  of  good,  hard,  clean  butter. 

The  Christians  of  Egypt  used  butter  instead  of  oil 
in  their  lamps  in  the  third  century.  It  was  easier 
to  raise  cattle  than  olives,  apparently,  in  that  land 
where  it  is  said  it  now  costs  less  than  three  dollars 
to  raise  a  child  to  maturity. 

The  Arabians  and  Turks  have  a  preparation  of 
curdled  milk,  called  Uban  by  the  former  and  yaourt 
by  the  latter,  which  they  preserve  in  bags.  In  ap- 
pearance it  resembles  pressed  curds  after  they  have 
been  brqkeu  by  the  hand  ;  mbccd  with  water  it  be- 
comes a  cooling  drink,  and  is  said  to  be  wholesome 
and  sei'viccable  in  febrile  diseases.  It  probably 
fonned  the  last  meal  of  Sisera. 

Fresh  yaourt  is  much  used  as  food  by  the  natives, 
and  Europeans  soon  acquire  a  ta.stc  for  it. 

The  butter  received  at  Constantinople  from  the 
Crimea  and  Kuban  is  not  salted.  It  is  prepared  by 
melting  in  large  pans  and  skimming  off  the  impuri- 
ties which  rise  to  the  surface.  Butter  thus  prepared 
is  called  gfiee  in  India.  It  is  used  for  food  by  some 
castes  and  for  anointing.  Ghee  is  used  to  soak  the 
wood  on  which  the  victim  of  the  suttee  is  sacri- 
ficed. 

The  classes  and  varieties  of  chums  are  so  numer- 
ous that  justice  cannot  be  done  to  the  subject  within 
admissible  bounds.  The  following  classification, 
with  an  example  of  each,  will  afifora  a  glance  at  the 
distinctive  kinds. 

1.  The  plunger  churn,  a  represents  the  vertical- 
dasher  plunger  chum.  A  spring  assists  in  the  re- 
coil or  lifting  motion.  Rotation  of  the  dasher  may 
be  given  by  a  spiral  on  the  stem,  or  by  giving  a  spi- 
ral set  to  the  blades. 

6  is  a  horizontally  operated  dasher  churn. 

2.  Barrel  chum,  c  has  a  pair  of  dashers  revolv- 
ing in  different  directions  by  distinct  cranks.  In  a 
modified  form,  the  barrel  is  mounted  on  tmnnious 
and  is  itself  rotated. 

d  has  a  stationary  barrel  and  one  rotated  dasher. 

3.  Box  chum,  e  has  two  dashers  revolving  at  dif- 
ferent speeds.  The  inner  dasher  is  driven  by  the 
crank-axis  direct ;  the  outer  one  by  an  internally 
geared  wheel,  a  pinion,  and  a  third  wheel  on  the 
sleeve  which  carries  the  dasher.  The  arrangement 
of  wheels  is  shown  at  e'. 


4.   Tiib  chum .    /  has  a  vertical  dasher-shaft  ro- 
tated by  wheel  and  pinion  from  the  crank-shaft. 

.  g  has  two  dashers  rotating  in  different  directions, 
one  driven  by  the  central  axis  and  the  other  by  the 

Fig.  1289. 


Chums. 

sleeve  axis.  Each  axis  has  its  own  pinion,  driven 
by  a  common  wheel. 

h  has  a  pair  of  parallel  dashers  driven  in  contrary 
directions  ny  the  master-wheel,  which  acts  upon  the 
respective  pinions. 

5.  Atmospheric  churn,  i  ;  as  the  dasher  ri.«»e8,  the 
valve  on  the  upper  end  of  its  stem  falls  and  admits 
air,  the  valve  on  the  hollow  guide-rod  closing.     As 
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the  dasher  descends,  the  action  of  the  valve  is  re- 
versed, and  the  air  issues  into  the  milk  at  the  open- 
ings in  the  lower  end  of  the  hollow  stem. 

j  has  a  bellows  arrangement  supplementary  to  the 
beating  action  of  the  dashers. 

There  are  many  other  varieties  of  atmospheric 
chums  ;  some  have  cup-shaped  dashers,  to  carrv  air 
down  into  the  milk  ;  others  operate  by  centrifugal 
action. 

6.  Compressor  chums,  k  has  a  mbbing  or  grind- 
ing action  on  the  cream  in  the  upper  chamber,  the 
intention  being  to  break  the  little  sacs  which  con- 
tain the  butync  particles. 

7.  The  Rocker  chum,  I,  Fig.  1290. 

8.  The  Pendulum  churn,  m. 

The  chum  rests  in  the  swinging  frame,  the  up- 
rights of  which  are  slotted  for  traverse  of  the  axial 
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pin,  and  have  segmental  bars  bearing  upon  the 
dasher  crank-shaft,  and  causing  its  reciprocating 
rotation. 

9.  The  Divided  dasher  chum,  n,  has  a  pair  of 
dashers  vertically  reciprocating  and  operated  by  the 
respective  cranks  on  the  common  shaft. 

10.  The  Revolving  and  ReciproccUing  chum,  o ;  the 
shaft  carries  a  rotary  dasher  whose  wings  act  as 
slides  for  the  arms  of  a  reciprocating  dasner.  An 
inner  sleeve  carries  the  recipi-ocating  da.sher  and 
passes  through  an  outer  sleeve  carrying  the  pinion 
of  the  rotary  arm. 

11.  The  Oscillating  chum,  p  ;  the  cylinder  is 
suspended  on  tmnnions  and  oscillated  by  the  re- 


ciprocating dasher-shaft,  which  is  connected  to  the 
revolving,  crank. 

12.  The  OscUlctting  dasher  chum,  represented 
at  q. 

13.  The  Thermom^etric  chum,  in  which  the  box 
or  the  dasher-shaft  has  a  thermometer  to  give  con- 
stant indication  of  the  temperature  of  the  cream. 

Nufnerous  patents  have  been  granted  for  matters 
of  detail  such  as :  — 

Water-tanks  for  hot  or  cold  water  to  temper  the 
cream.  Ivory  bushings  to  prevent  the  taint  of 
brass,  or  the  rust  of  iron.  Materials,  such  as  glass, 
stoneware,  etc. 

An  artificial  butter  is  made  from  suet,  which  is  first 
finely  divided  by  circular  saws  in  a  cylinder  ;  then 
treated  with  water,  carbonate  of  potassa,  and  finely 
divided  fresh  sheep's  stomachs  at  a  temperature  of  • 
45"  C.  The  pepsin  and  heat  separate  the  fat,  which 
floats  on  the  surface,  whence  it  is  decanted,  and 
when  cool,  placed  on  an  hydraulic  press,  which  sepa- 
rates the  stearine  from  the  semi-fluid  oleomargarine^ 
which  is  employed  as  follows  in  the  preparation  of 
the  butter :  50kilogrammesof  thefat,25litersofmilk, 
and  20  liters  of  water  are  placed  in  a  chum  ;  to  this, 
100  grammes  of  the  soluble  matter  obtained  from 
cows  udders  and  milk-glands  is  added,  together 
with  a  little  annotto.  The  mixture  is  then  chumed, 
when  the  butter  separates  in  the  usual  manner. 

In  connection  with  this  subject,  we  may  be  par- 
doned introducing  a  short  account  of  how  royalty 
chums  by  proxy  and  how  nice  a  dairy  may  be  made 
when  *'  expense  is  no  object." 

Prince  Albert's  model  farm  is  about  a  mile  from 
Windsor  Castle.  The  dairy  is  a  beautiful  cottage 
with  *  marble-paved  and  frescoed  vestibule.  The 
interior  is  a  room  about  thirty  feet  square,  the  roof 
supported  by  six  octagonal  columns  ol  white  marble, 
with  richly  carved  capitals.  The  floors  are  of 
white  porcelain  tiles,  the  windows  stained  glass, 
bordered  with  hawthorn  blossoms,  daisies,  buttercups, 
and  primroses.  The  floors  are  lined  with  tiles  of 
porcelain  of  a  delicate  blue  tint,  with  rich  medal- 
lions inserted  of  the  Queen,  Prince  Consort,  and 
each  of  the  children.  Shields,  monograms  of  the 
royal  family,  and  bas-reliefs  of  agricultural  design, 
representing  the  seasons,  complete  the  omamenta- 
tion  of  this  exquisite  model  dairy.  All  around  the 
w^alls  runs  a  marble  table,  and  through  the  center 
two  long  ones,  supported  by  marble  posts,  resting 
on  basins  through  which  mns  a  perpetual  stream  of 
spring  water.  By  this  means  the  slabs  of  table 
are  always  cold,  and  the  temperature  of  the  dairy  is 
chill,  while  the  white  and  gilt  china  milk  and  but- 
ter dishes  resting  on  the  tables  are  never  placed  in 
water.  The  delicious  milk  is  brought  in  in  bright 
metal  buckets,  lined  with  porcelain,  the  Queen's 
monogram  and  crest  glittering  on  the  brass  plates 
on  the  covers.  In  the  room  where  the  butter  is 
made,  milk  skimmed  and  strained,  the  eyes  may 
be  feasted  on  the  rows  of  metallic  porcelain-lined 
cans  of  every  size,  made  to  lock,  and  sent  to  the 
royal  family  even  as  far  as  Scotland ;  so  they  always 
have  good  milk  and  butter.  The  chum  was  of  metal 
also,  and  lined  with  porcelain,  made  in  two  com- 
partmt'nts.  The  outside  chamlwr  suriounding  the 
cylinder  can  have  warm  or  cold  wat^r  poured  in 
to  regulate  the  temperature.  The  lid  is  screwed 
on,  and  the  stationary  stand  on  which  the  whole  is 
turned  makes  the  work  easy  and  rapid.  But 
while  over  sixty  cows  are  daily  milked,  and  as  many 
more  are  out  grazing,  the  royal  family  are  more 
than  satisfied,  and  the  Londoners  growl  that  the 
overplus  is  sold  and  the  money  pocketed  by  their 
money-saVing  sovereign. 
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2.  {Porcelain.)  The  block  or  cback  on  a  porce- 
lain turner's  lathe,  on  which  the  thrown  and  oaked 
articles  are  turned  by  thin  iron  tools  to  give  truth 
and  smoothness  to  circular  articles. 

Cham-dash'er.  The  moving  agent  in  a  chum, 
rotaiy  or  reciprocating,  by  which  the  milk  or  cream 
is  a^tat«d. 

Churn-drilL  A  large  drill  used  by  miners.  It 
is  several  feet  long,  and  has  a  chisel-point  at  each 
end. 

Chum-pow'er.  A  motor  for  driving  chums  or 
chum-dashers  to  agitate  the  milk  or  cream. 

Animals,  such  as  dogs,  sheep,  or  goats,  are  em- 
ployed in  treadmills  or  slatted  platfroms  on  endless 

The  power  of  descending  weights,  springs,  wind 
or  water  driven  wheels,  etc.,  are  used. 

Chute.    An  inclined  trough. 

On  a  moderate  scale  it  forms  a  leader,  or  feeder  for 
materials  or  blanks,  to  machines. 

On  a  large  scale  it  leads  water  from  a  penstock  to 
a  water-wheel,  or  an  inclined  plane  down  which  logs 
are  passed  from  a  higher  level  to  a  lower  one.  These 
are  sometimes  in  mountainous  countries  for  land 
transportation,  and  sometimes  are  the  links  of  a 
slack-water  system,  as  on  the  Ottawa  ;  called  slides. 

Ci-bo'ri-um.  {Architecture.)  An  insulated  arched 
vault  resting  on  four  pillars,  as  that  over  the  high 
altar  of  a  church. 

Ci'der-mill.  A  grinder  for  apples  generally,  in 
practice,  including  the  press  in  wnich  the  pomace  is 


The  common  cider-mill  a,  used  in  the  Southwest 
of  England,  is  on  the  principle  of  the  'Chilian  mill, 
being  a  cylindrical  stone  weighing  one  or  two  tons, 
and  rotating  in  an  annular  trough  of  masonry. 

The  axis  of  the  stone  is  connected  by  arms  to  a 
sweep  which  is  pivoted  on  a  central  post  and  re- 
volved by  a  horse.  In  some  cases  the  central  space 
fonns  compartments  for  holding  apples.  The  roller 
is  from  2^  to  4^  feet  in  diameter,  and  9  or  10  inches 
wide  at  the  face.  The  trough  is  somewhat  wider  at 
top  by  the  inclination  of  its  outer  side,  to  allow 
freedom  of  motion  to  the  mnner.  The  bed  is  from 
9  to  12  feet  in  diameter. 

Cider-mills  in  England  are  also  made  with  hollow 
iron  fluted  rollers,  working  in  pairs  and  meshing 
into  each  other. 

In  Ireland  the  apple  is  cmshed  between  wooden 
cylinders  studded  with  iron  teeth  ;  the  pomace  is 
afterwards  pounded  with  wooden  pestles. 

The  cider-press  of  the  West  of  England  is  a  modi- 
fication of  the  common  screw-press.  The  pomace  is 
enclosed  in  a  bag  of  haircloth  about  4  feet  square, 
and  holding  two  or  three  bushels.  These  are  heaped 
over  each  other  in  the  press,  to  the  extent  of  fifteen 
or  eighteen  bags.  These  yield  from  100  to  200  gal- 
lons of  juice,  according  to  number  and  the  succu- 
lency  of  the  apples.  Tne  press-screw  is  manipulated 
by  a  lever. 

The  cider-mill  {b)  used  in  the  South  of  France  has  a 
platform  of  boards  framed  together  and  is  traversed 
by  a  conical  frustum  ot  cast-iron  whose  axis  is 
hooked  to  a  rotating  eye  in  the  center  of  the  plat- 
form and  is  swept  around  by  manual  power,  crash- 
ing the  fruit  in  its  passage.  . 

The  mill  c  has  a  grinding-wheel  and  concave,  and 
an  apron  which  carries  tne  pomace  between  two 
pressing  rollers  and  a  wire-screen  cylinder  through 
which  the  juice  mns. 

d  has  alternate  grinding  portions  and  a  double- 
headed  piston,  which  presses  the  pomace  against  the 
ends  of  the  box  alternately.  One  end  of  ^he  box  is 
filling  while  the  other  is  pressing. 


ader-MUU. 

e  has  a  metallic  grinder  and  a  hoop  with  a  screw. 

/has  a  grinder  and  presscr,  which  may  be  acting 
simultaneously.  A  hoop  filled  with  grindings  is 
pushed  from  below  the  hopper  to  beneatn  the  screw, 
and  an  empty  hoop  substituted  beneath  the  former. 

Ci-gar'.    A  roll  of  tobacco-leaves  for  smoking.  It 

Ftg  1292 
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h&8  ft  pointed  mouth-end  and  a  square-butted  lighting- 1 
end-  The  word  is  derived  from  Spanish  eigarro,  a 
kind  of  tobacco  grown  in  Cuba.  Also  spelt  segar. 
The  cheroot  is  the  cigar  of  the  Manillas,  and  has  a 
regular  taper,  but  both  ends  are  squarely  cut  off,  one 
of  course  is  smaller  than  the  other. 

Ci-gar'-bim'dler.  A  clamping-press  having  jaws 
of  such  shape  and  capacity  as  the  size  of  the  cigar 
and  the  number  desired  m  a  bundle  inay  warrant. 
The  required  number  being  placed  between  the  jaws, 
the  latter  are  drawn  together  by  the  pressure  of  the 
foot  on  the  stirrup  and  cord,  and  tne  jaws  locked 
by  an  arm  while  the  tie  or  band  is  placed  around 
the  cigars. 

Ci'sar-ette'.  A  small  package  of  cut  tobacco 
done  up  in  a  rolled  paper  envelope.  The  envelope 
is  made  of  rice,  tobacco,  or  corn-husk.  The  latter 
is  the  best. 
Ci'gar-ette'-fiU'er.  A  little  implement  for  in- 
troducing the  finely  cut  tobacco  into  the 
Fig.  1298.  paper  envelope.  It  has  two  forms  ;  a  tube 
and  a  wrapper.  The  former  is  shown  in  Fig. 
1293.  A  roll  of  paper  is  wrapped  around  a 
tube,  and  its  inner  end  clamped  between 
two  short  tubes  or  collars  ;  the  tube  is  filled 
with  tobacco  and  withdrawn,  leaving  the 
tobacco  in  the  paper  envelope.  A  hollow 
piston  maintains  tne  position  of  the  tobacco 
while  the  tube  is  withdrawn  and  forms  a 
stem. 

Ci'sar-ette'-ma-ohine'.  Adomo's  ci- 
carette-machiue  uses  an  endless  roll  of  paper. 
It  cuts,  wraps,  and  folds  the  paper  around 
a  regulated  quantity  of  tobacco,  which  is 
supplied  at  one  end  of  the  machine,  while 
the  finished  cigarettes  emerge  at  the  other 
end. 

Ci-gar'-UghVer.  A  littler-jet  suspended 
by  an  elastic  tube.    It  receives  gas  tnrough 


Fig.  1294. 


its  trunnions  ;  the  jet  la 
decreajted  as  the  handle 
hangs  suspended,  and  is 
increased  as  it  is  raised 
for  lighting.  The  plug 
is  chamber&d  for  half  its 
length,  and  the  gas-pipe 
is  screwed  into  it.  A  per- 
foration in  the  plug  con-  Cigar- Ligkter. 
nects  the  interior  with  a 

channel  on  its  periphery  and  in  the  socket,  the 
channel  being  rep^lated  by  a  screw. 

Ci-gar'-ma-ohine'.  For  making  fillers  of  cigars 
and  wrapping  them.  The  operations  are  generally 
conductea  in  a  series  of  macmnes  :  one  cuts  wads  of 
cigar  length  and  quantity  from  a  stream  of  cigar- 
leaves  packed  and  traversing  in  a  chute  whose  width 
is  equal  to  the  length  of  a  cigar  ;  the  wad  thus  cut  off 
is  driven  into  a  mold  which  gives  it  the  cigar-shape, 
and  in  this  it  is  left  to  dry,  so  that  when  removed 
it  only  requires  the  wrapper  to  complete  it.     This  is 

Eut  on  in  another  machine  in  which  the  filler  is 
dd  bias  upon  the  strip  of  leaf,  and  rolled  thereon, 
a  pad  or  apron  simulating  the  action  of  the  human 


palm.  The  tip  is  finished  separately,  and  then  the 
stub-end  cut  off  squarely. 

Another  mode  of  procedure  is  to  lay  a  suitable 
bunch  of  leaves  in  an  apron  which  is  la]q>ed  around 
them  so  as  to  form  them  into  a  sufficiently  ti^ht 
roU  ;  or  the  rolling  device  consista  of  a  set  of  cylin- 
dera  in  a  circular  series,  which  opens  to  admit  the 
bunch  of  leaves,  and  when  closed  forms  a  cylindri- 
cal space  in  which  the  bunch  of  leaves  is  rolled  and 
pressed  into  a  shape  for  the  molds  in  which  it  is 
eventually  pressect  to  the  required  shape  f^r  a  filler. 
The  latter  is  covered  by  hand  or  by  a  machine. 

Ci-gar'-preas.  A  press  having  a  motion  in  two 
directions  :  one  to  compress  the  cigara  in  their  rows, 
and  the  other  to  press  them  vertically. 

The  pre^  has  side-screws  working  horizontally, 
and  a  vertical  screw  so  placed  as  to  be  over  the  stack 
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Cigar-Press, 

containing  the  cigara ;  the  side  press-board  slides  in 
the  slotted  sides  of  the  horizontal  boards.  The  ci- 
gara are  arranged  npon  the  boards  with  intervening 
slats. 

Ci-gar-ateam^ar.  A  peculiar  form  of  craft, 
shaped  like  a  spindle,  and  constructed  by  Winans, 
of  Baltimore. 

The  firet  was  built  in  Baltimore  —  length,  635  feet ; 
diameter,  16  feet. 

Second,  in  St.  Peterabui^g — length,  70  feet;  di- 
ameter, 9  feet. 

Third,  in  Havre  —  length,  72  feet;  diameter,  9 
feet. 

Fourth,  in  Isle  of  Dogs  —  length  256  feet  ;  diam- 
eter, 16  feet. 

The  propeller  of  the  firet  was  placed  around  the 
middle  of  the  vessel ;  the  secona  had  a  propeller 
beneath  her  bottom  ;  the  third  is  fitted  for  trying 
propellere  in  various  posirions ;  and  the  fourth  has 
a  propeller  at  each  end. 

Cim'e-ter;  8olm'e-ter.  An  Oriental  cavalry 
sword  with  a  blade  of  great  curvature. 

Cino'tare.  {Architecture. )  A  fillet  or  ring  di- 
viding the  capital  from  the  shaft.  Another  cincturb 
divides  the  latter  from  the  base. 

Cin'der.    1.  A  scale  of  oxide  removed  in  forging. 

2.  Certain  kinds  of  light  slag  in  metallui^c 
operations. 

Cin'der-fraine.  {Stenm-ev^ne.)  A  wire- work 
frame  in  front  of  the  tubes  of  a  locomotive,  to  arrest 
the  passage  of  large  pieces  of  ignited  fuel. 

Cin'que-folL  {ArchiUcture.)  A  five-leaved  or- 
nament used  in  the  arches  of  the  lights  and  tracery 
of  windows,  ]mnelings,  etc. 

Ci-on'o-tome.  An  instrument  for  excising  a 
portion  of  the  uvula. 
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d'per-tan'neL  A  false  chimney  placed  on  a 
house  for  ornament  or  uniformity. 

Cip'pus.  A  low  column,  sometimes  round,  but 
more  frequently  rectangular,  used  as  a  sepulchral 
monument 

Cir-oas'si-eiiXie.  {Fabric.)  A  light  kind  of 
cashmere. 

Cir'oi-nus.  The  compass  of  the  Romans,  de- 
scribed by  Vitruvius. 

Cir'ole.  1.  This  plane  li^re  —  comprehended 
by  one  Hne,  every  part  of  which  is  equally  distant 
from  the  same  point  —  gives  a  name  to  a  number  of 
instruments,  among  WMch  are  the  following  (which 
see)  :  — 

Mural  circle.  Circumferentor. 

Reflecting  circle.  Circular  saw. 

Repeating  circle.  Circular  shears,  etc.,  etc. 

2.  The  fifth  wheel  of  a  carriage. 

dr'ole-i'ron.  1.  A  hollow  punch  for  cutting 
planchets,  wads,  wafers,  and  circular  blanks. 

2.  A  fifth  wheel. 

Cir'odit.  A  continuous  electrical  communication 
between  the  poles  of  a  battery. 

(Telegraphy.)  The  wires  and  instruments  forming 
the  road  for  the  passage  of  the  current.  At  its  ex- 
tremities are  the  terminals,  where  it  joins  the  instru- 
ment 

A  metallic  circuit  is  when  a  return  icire  is  used 
instead  of  the  earth. 

A  short  circuit  is  one  having  as  little  resistance  as 
possible  ;  nothing  but  the  apparatus  and  the  wire 
used  to  connect  it  with  the  battery. 

To  short  circuit  a  battery  is  to  connect  its  poles  by 
a  wire. 

A  local  circuit  includes  only  the  apparatus  in  the 
office,  and  is  closed  by  a  relay. 

Cir'oait-4>reak'er.  (Telegraphy.)  An  instru- 
ment which  periodically  interrupts  an  electric  cur- 
rent. The  name  Wieotome  was  given  to  it  by  Wheat- 
stone. 

With  the  automatic  apparatus,  the  circuit  is 
closed  through  the  armature  to,and  through  the 
electro-magnet  by  which  it  is  controlled.  When 
thus  closed  to  the  magnet,  the  latter  attracts  the 
armature,  breaking  the  circuit  The  armature  is 
then  retracted,  so  that  the  circuit  is  again  com- 
pleted, and  so  on. 

The  simplest  andifirst  form  of  rheotome  or  circuit- 
breaker  was  a  file  connected  to  one  wire  of  a  battery, 
the  other  wire  being  rapidly  drawn  over  the  surface 
of  the  tile  alternately  in  contact  with  a  tooth  and 
hopping  to  the  next  one. 

Another  form  ia  a  spur-wheel  moved  by  hand  or 
clock-work ;  this  is  common  in  telegraph  instru- 
ments and  in  electro-magnetic  machines. 

Cir'ooit-olos'er.  (Telegraphy.)  Primarily  any 
device  by  which  an  electrical  circuit  is  closed. 
Usually  a  key  ;  as  the  common  tele^paph  key. 

In  fire  alarms  and  many  automatic  telegraphs,  it 
is  a  plain  metallic  disk  with  insulated  spaces  on 
the  nm  or  edge.  A  flat  spring  pressing  upon  the 
edge  closes  the  circuit  when  upon  the  metallic 
portion,  interrupts  it  when  on  the  insulated  portion. 
See  Dial. 

In  place  of  metallic  and  insulated  spaces,  projec- 
tions or  cogs  are  sometimes  used,  the  interdental 
spaces  answeiing  the  purpose  of  insulated  spaces. 

Cir'ou-lar  Bolt.  A  machine  employed  by  the 
Nottingham,  England,  lace  manufacturers  in  mak- 
ing net. 

Cir'ou-lar  File.  A  circular  saw  or  serrated  disk, 
ada])te<l  to  run  on  a  s])iudle  or  mandi'el,  and  used  in 
cutting  teeth  of  cog-wheels. 


Cir'ou-lar  In'stru-mants.  Astronomical,  nau- 
tical, or  surveying  instruments  which  are  graduated 
to  360*,  that  IS,  around  the  whole  circle.  Of  thia 
kind  are  altitude^  (tzimuUi,  murals  reflecting^  and 
repenting  circles;  eircwnferetUors  (which  see). 

Clr'oii-lar  Loom.  A  loom  in  which  the  shuttle 
moves  in  a  circular  .  race  and  continuously  in 
one  direction 

through     watpe  ^P  1296. 

arranged  in  a 
circle.  The  cut 
shows  a  loom  of 
this  class ;  the 
warps  proceetl 
from  beams  or 
cteels  near  the 
floor,  pass 
through  a  ring 
which  brings 
them  in  a  circle, 
then  through 
eyes  in  horizon- 
tally reciprocat- 
ing slides  which 
form  the  shed, 
then  through 
between  the 
dents  of  the  cir- 
cular reed  to  the 
take-up  mech- 
an  ism .  The 
shedding  -  slides 
are  moved  by 
cams  on  the 
main  vertical 
shaft.  The  shut- 
tle is  sustained 
by  and  moves  on 
the  dents  of  the 
reed,  and  is 
driven  by  means 
of  an  arm  pro- 
vided with  a 
roller  which 
presses  against 
the  head  of  the 
shuttle  and  allows  the  passage  of  the  warp  between 
them.  The  shuttle  may  be  provided  with  a  pro- 
jection to  beat  up  the  filling,  or  comb-like  arms  made 
in  sections  may  oe  made  to  beat  the  filling  between 
the  warps. 

Another  form  is  one  in  which  the  material  is 
woven  around  a  former  which  gives  it  size  and  pro- 
portion, as  in  Fig.  1297,  which  is  a  machine  for 
weaving  petticoats  and  hoop-skirts.  The  fabric  is 
woven  around  a  block  suspended  between  the  warp- 
carriers  and  the  track  of  the  shuttles,  said  block 
being  movable  vertically  and  laterally,  in  order  that 
it  may  be  adjusted  centrally.  The  shuttles  move 
on  a  circular  or  other  endless  track,  and  deposit 
their  woof  threads  alternately  above  and  below  a 
warp  thread  around  the  block.  The  warp-i*arriers 
receive  an  alternate  vertical  reciprocating  motion 
from  a  cam  on  a  revolving  drum,  from  which  the 
shuttles  also  derive  their  motion. 

The  warp-threads  have  to  be  spread,  so  as  to  have 
them  equidistant  from  each  other  around  the  block. 
For  that  purpose  the  carriers  have  horizontal  ex- 
tensions, which  are  diverging,  like  spread  fingers,  so 
that  the  desired  eflect  is  produced,  and  the  desired 
distance  between  the  waq)-thread8  obtained,  with- 
out requiring  the  spreading  of  the  carriers,  which 
ai'e  arranged  in  grou})s  of  six,  more  or  l(>«s.  To 
diminish  friction  in  the  operation  of  the  carriers. 


Grcuiar  Loom. 
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Fig.  1297, 


Cireular  Weaving- Loom, 


such  grouping  is  necessary,  as  otherwise  each  car- 
rier would  require  ita  own  connection  with  the  cam 
on  the  drum. 

The  cam  only  operates  one  set  of  each  group  of 
carriers,  and  the  carriers,  which  are  thus  alternately 
raised  and  lowered,  imi»art,  by  means  of  gearing  or 
otherwise,  motion  to  the  other  set  of  carriers,  so 
that  the  same  always  moves  in  the  opposite  direction 
with  the  first-named  set. 

Cir'ou-lar  Mi-orom'e-ter.  The  circular  or 
annular  micrometer  was  first  suggested  by  Bosco- 


vich  in  1740,  and  was  afterwards 
revived  by  Olbera  in  1798.  The 
principle  is  as  follows  :  — 

•*  If  the  field  of  a  telescope  be 
perfectly  circular,  and  its  diameter 
oe  determined  by  observation,  the 
paths  of  two  celestial  bodies  across 
the  field  may  be  considered  as  two 
parallel  chords  which  are  given  in 
terms  of  a  circle  of  known  diameter. 
The  differences  of  the  times  at 
which  two  stars  arrive  at  the  middle 
of  their  paths  will  be  their  ascen- 
sional differences  ;  and  the  distance, 
between  the  chords,  which  is 
readily  computed  from  their 
lengths,  gives  the  difference  of  the 
declination  of  the  two  bodies."  — 
Brande. 

The  annular  form  devised  by 
Fraunhofer  is  the  more  convenient 
instrument,  as  it  permits  the 
moment  of  ingress  and  egress  to 
be  determined  more  readily.  It 
consists  of  an  annular  glass  disk 
with  a  steel  ring  cemented  on  the 
inside  to  form  the  circular  aperture 
as  before  described. 

Cir'ou-lar  Saw.  The  circular 
saw  was  introduced  into  England 
about  1790,  but  its  inventor  is  not 
known. 

General  Bentham  contrived  the 
I  bench,  sl!t,  parallel  guide,  and  sliding  bevel  guide. 
He  also  invented  making  circular  saws  of  segmental 
plates. 

One  was  patented  in  England  by  Trotter,  1804. 
Brunei's  veneer-saw,  1805  - 1808. 

The  double  saw-mill  shown  in  the  illustration  is 
of  the  Blandy  pattern,  selected  from  a  multitude 
of  others  as  a  good  specimen  of  its  kind,  a  is  ^he 
fmme  of  the  saw-mill  proper,  b  the  ways  on  which 
the  log-carriage  c  traverses,  g  is  the  lower  saw,  which 
may  have  an  avei'age  diameter  of,  say,  60  inches, 


F!g  1298. 


Doulde  SaW'MiU. 
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and  a  rate  of  revolution  of,  say,  500  to  600  revolu- 
tions per  minute,  varying  with  the  kind  of  wood  and 
the  diameter  of  the  saw.  d  is  the  upper  saw,  whose 
arbor  has  its  bearings  in  the  iron  frame  e  e,  which 
may  be  detached,  with  all  its  appendages,  from  the 
sill  pieces  a  a,  so  that  the  machine  then  becomes  a 
single  saw-mill,  the  working  radius  of  the  saw  being 
sufiicient  for  the  run  of  logs  of  the  locality.  /  is  the 
band-pulley  of  the  lower  saw,  and  h  i  are  the  pul- 
leys by  which  the  motion  of  the  lower  saw-arbor  is 
communicated  to  the  upper  saw  d.  J  k  are  the  cone- 
pulleys  concerned  in  i\it  feed  and  gig-baek  motions  of 
the  log-carriage  e.  I  is*  the  lever  by  which  the  di- 
.  rection  of  motion  of  the  cariiace  is  regulated. 

p  psire  the  knees  of  the  heaa-blo<:ks  r  r,  on  which 
the  fog  lies  and  is  fastened  by  the  dop  s  8.  These 
head-blocks  are  adjustable  longitudinally  on  the 
carriage,  according  to  the  length  of  the  log,  and  the 
knees  of  the  head -block  are  set  up  closer  to  the  saw 
after  each  cut  of  the  saw,  to  a  distance  eaual  to  the 
thickness  of  boaitl  required  and  the  width  of  the 
kerf.  The  setting  up  of  the  knees  is  done  simulta- 
neously by  the  vibration  of  the  lever  ^  which'has  a 
pawl  actuig  upon  each  of  the  ratchets  u  u'.  When 
it  is  desired  to  saw  a  board  thicker  at  one  end  than 
at  the  other,  the  knees  on  the  respective  head-blocks 
are  moved  independently  by  the  levers  v  w  respec- 
tively, these  levers  having  each  a  pawl  to  actuate 
that  one  of  the  ratchets  %^  which  belongs  to  the  ap- 
propriate head- block. 

The  feed-motion  of  the  carriage  c  consists  of  a 
friction-wheel  x  on  the  pulley  y ;  on  the  arbor  of 
the  latter  is  a  pinion  2,  wnich  meshes  with  the  rack 
on  the  under  side  of  the  log-carriage.  The  direction 
of  rotation  of  the  pinion  z  determines  the  feed  or 
gig-back  motion,  which  is  controlled  by  the  position 
of  the  lever  /  on  the  quadrant,  m  is  a  revolving 
wedge  which  enters  the  kerf  and  spreads  the  board 
from  the  log. 

One  fonn  of  circular  saw  for  cross-cutting  cord- 
wood,  or  butting  framing- timber,  is  shown  in  the  an- 

Fig.  1299. 


BtUting-Smo. 

nexed  cut.  The  wood  lies  upon  a  sliding-frame  and 
is  pushed  toward  the  saw  and  drawn  back  by  hand. 

Saws  are  made  in  Trenton,  New  Jersey,  88  inches 
in  diameter,  with  48  insertable  teeth,  and,  allowing 
6  inches  for  collars,  are  adapted  to  cut  boai-ds  41 
inches  wide.  Such  a  saw  is  designed  to  make  375  to 
400  revolutions  per  minute,  to  cut  6  inches  to  a  rev- 
olution, and  is  declared  capable  of  cutting  50,000 
feet  of  inch  lumber  in  ten  hours. 

Cir'ou-lar  Shears.  A  shears  for  sheet-metal 
consisting  of  two  circttlar  blades  on  parallel  pins. 

Cir'ou-lar  Shuf  tle-b6x  Loom.  A  loom  hav- 
ing a  box  with  a  number  of  shuttles,  six  in  the  figure, 
and  having  means  for  actuating  it  so  as  to  bring  any 
one  of  the  six  shuttles  into  oj>eration  as  required  by 
the  pattern.  The  circular  shuttle-box  is  mounted 
on  an  axle  at  one  end  of  the  slcy,  and  has  a  positive 
revolving  motion  given  to  it,  when  required  to  change 


a  shuttle,  by  a  chain  H  actuated  by  gearing  O  in 
connection  with  two  racks,  the  amount  of  motion 
being  regulated  by  tumblers  connected  to  jacks  or 
level's  governed  by  Jacquard  caitls. 

A  is  an  eccentric  connected  to  a  lever  Bf  for  giv- 
ing motion  to  the  sliding  bar  C,  furnished  with 
projections  2>,  which  act  upon  tumblers  E  when 

Fig.  laoo. 


i 


Cirtvlar,  SkuUlS'Soar  Loom. 

they  are  lifted  by  the  cards  connected  to  the  jacks 
or  levers  F,  which  is  whenever  there  is  a  blank 
in  the  part  of  the  card  opposite  to  the  jack  or  lever. 
When  these  tumblers  are  lifted  they  fall  into  slots 
in  the  racks,  and  being  caught  by  the  projections 
A  the  racks  are  carried  forward  and  the  pinion  O 
turned  ;  this  gives  motion  to  the  upright  shaft  and 
bevel  wheels,  through  them  to  the  chain  wheels  H  iT, 
one  of  which  is  on  the  axle  of  the  shuttle- box.  Each 
jack  or  lever  F,  except  the  two  end  ones,  is  connect- 
ed to  two  tumblers,  one  on  each  rack  ;  and  as  the 
racks  are  on  opposite  sides  of  the  pinion,  the  tum- 
bler gives  motion  to  the  rack  on  one  side,  and  the 
other  tumbler  acts  as  a  stop,  and  regulates  the  exact 
distance  that  the  opposite  rack,  and  consequently 
the  shuttle-box,  moves. 

Cir'cu-lat-iog-pamp.  {St4!am-enfrifu.)  The 
cold-water  pump  by  which  rx)ndensation  water  is 
drawn  from  the  sea,  river,  or  well,  and  driven 
through  the  casing  of  a  surface  condenser. 

Cir'ou-lus.  (Olaxs-making.)  A  tool  for  cutting 
off  the  necks  of  glass-ware. 

Cir-cum'fer-en'tor.  1.  A  tire  mensurer.  A 
wheel,  a,  graduated  on  its  periphery  and  axled  in 
a  holder.     It  has  a 


circumference  of 
known  length,  and 
is  passed  around  the 
outside  of  the  rim 
of  a  wheel,  ft,  to 
ascertain  the  length 
of  the  tire.  The 
instniment  having 
a  perimeter,  say  2 
feet  in  circumfer- 
ence, the  zero  is 
brought  to  a  marked 
spot  on  the  periph- 
ery   of   the    wHeel 


Fig.  1801. 
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to  be  measured.  The  small  wheel  is  then  caased  to 
travel  around  the  larger,  and  indicates  the  length 
by  making  so  many  revolutions  and  such  a  fraction, 
as  the  case  may  be.     A  tire-circle. 

2.  A  surveying  instrument ;  used  commonly  in 
mines,  coal-pits,  etc.,  in  England,  but  a  very  com- 
mon instrument  in  the  United  States  for  surveying. 
Many  of  the  old-fashioned  surveyors  yet  use  it, 
'  though  it  is  disappearing  as  the  theodolite  becomes 
more  and  more  commoDly  known. 

It  consists  of  a  Hat  bar  of  brass  B  B  about  15 
inches  in  length,  with  sights  (7  (7  at  its  opposite 
ends,  and  two  narrow  slits  b  c  for  observations ; 
in  the  middle  of  the  bar  is  a  circular  brass  box  A, 
containing  a  magnetic  needle  and  covered  with 
glass.  Tne  ends  of  the  needle  play  over  a  brass 
circle  gf,  wliich  is  divided  into  360**,  in  such  a 
manner  that  the  two  numbers  of  90**  are  at  right 
angles  to  the  lines  drawn  through  the  sights.     The 


Fig.  1902. 


Cireum/erentor. 

instrument  is  supported  by  a  ball  and  socket-joint 
on  a  staff  or  tripod.  When  the  magnetic  needle  is 
well  balanced  and  moves  freely  in  its  horizontal 
position,  the  sights  can  be  turned  towards  the  object 
to  be  surveyed,  and  the  needle  will  retain  its  posi- 
tion of  N.  and  S.  The  number  of  degrees  which 
the  angle  contains  after  moving  from  one  object  to 
another  can  be  counted  otf  on  the  gn^duated  circle. 
The  lower  part  of  the  figure  shows  the  mode  of 
reading  and  plotting  the  bearings. 

Clr'otim-flex.  The  mark  p*/^'*]  over  a  vowel, 
indicating  a  certain  accent. 

Cir'oum-val-la'tion.  {Fortification.)  An  en- 
circling line  of  field-works. 

Cir'oum-venf  or.  A  surveying  instrument  hav- 
ing a  compass-box  at  top  for  taking  angles.     See 

CiRCUMFERENTOH. 

Cir'so-tome.  (Surgical.)  An  instrument  used 
in  the  extirpation  of  a  varix  ;  that  is,  a  varicose 
or  dilated  vein. 

Cis'tem.  1 .  A  tank  or  other  form  of  artificial 
reservoir  for  containing  a  supply  of  water. 

Cisterns  have  always  been  very  common  in  lands 
subject  to  occasional  abundant  sui)ply  with  intervals 


of  drouth.  In  India  cisterns  are  on  a  very  larg^  scale  ; 
in  Egypt  they  assumed  the  proportions  of  lakes ;  in 
Ceylon  are  the  remains  of  many  on  a  scale  far  beyond 
the  ability  of- the  Cingalese  |K)pulation  either  to  con- 
struct or  utilize. 

The  change  of  domicile  of  the  Israelites  from  a 
land  of  annual  overilow  to  a  land  of  rains,  from  a 
land  of  artificial  irrigation  to  one  of  running  waters, 
was  cited  as  one  of  the  peculiar  advantages  in  their 
removal  from  Egypt  to  Palestine.  *'  For  the  land 
whither  thou  goest  in  to  possess  it  is  not  as  the 
land  of  Egypt  from  whence  ye  came  out,  where 
thou  sowedst  thy  seed,  and  wateredst  it  with  thy 
foot,  as  a  garden  of  herbs  ;  but  the  land  whither  ye 
go  to  possess  it  is  a  land  of  hills  and  valleys,  and 
drinketh  water  of  the  rain  of  heaven."  —  Dent.  xi. 
10,  11. 

Yet  even  in  Palestine  cisterns  were  a  necessity, 
the  rains  falling  only  in  spring  and  autumn.  The 
pools  of  Solomon  are  near  Bethlehem,  and  are  8  in 
number,  on  the  slope  of  a  hill,  and  one  above  another, 
so  as  to  form  a  chain  of  pools.  The  breadth  of  each 
is  from  80  to  90  paces  ;  the  uT)per  pool  is  about  160 
paces,  the  secona  200,  the  third  220.  The  water 
was  conducted  to  Jerusalem. 

The  Romans  built  magnificent  and  elaborate  cis- 
terns, many  of  them  on  such  a  scale  that  they  are 
called  reservoirs.  They  made  them  every  20,000 
feet  in  their  aqueducts,  to  act  as  reserve  and  admit 
of  repairing  the  conduit.  Near  the  baths  of  Titus  in 
old  Rome  are  nine  subterranean  cisterns  17i  feet 
wide,  1 2  feet  high,  and  about  1 37  feet  long. 

The  baths  were  constructed  with  a  number  of 
separate  lavatories,  named  according  to  the  tem- 
perature, the  fn'gidarium,  the  tejndaHum^  the  caU 
darimn^  or  balneum.  These  were  made  of  masonry 
or  concrete. 

The  material  was  broken  stone  and  the  best  of 
mortar.  The  mortar  was  made  of  pure,  clean  sand, 
5  ;  lime,  2  parts.  The  stone  was  flint,  of  which  no 
piece  weighed  over  a  pound. 

Several  divisions  were  made  in  the  cisterns  which 
were  used  for  supply  of  water,  which  passed  from  one 
to  another,  depositing  its  impurities. 

The  reservoirs  which  received  the  water  from  the 
aqueducts,  and  from  which  the  supply  was  distrib- 
uted, had  three  pipes  of  equal  diameter,  so  connected 
that  when  the  water  overflowed  at  the  extremities  it 
was  discharged  into  the  middle  one,  which  supplied 
the  pipes  for  the  fountains  ;  a  second  pipe  supplied 
the   Iratths  ;  a  third  one*  the  private  houses.     The 

Sublic  supply  was  never  deficient  nor  could  it  be 
iverted.  A  tax  was  levied  on  the  private  houses, 
which  was  expended  in  keeping  the  aqueduct  in  re- 
pair. 

In  Fig.  1288,  a  is  the  elevated  cistern  used  for 
supplying  locomotive-tenders.     The  jointed  pipes 

Fig.  1808. 


Railxoaif'Oiitem. 
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e  care  maintained  in  elevated  position  by  counter- 
balance weights  when  water  is  not  being  dischai^ed. 
On  pulling  them  down,  as  shown  in  tlie  figure,  by 
means  of  an  attached  cord,  a  valve  at  the  joint  al- 
lows water  to  flow  through  them  from  the  pii>es  b  6, 
and  into  the  reservoir  of  a  tender  standing  on  either 
of  the  tracks  d  cL  This  is  also  known  as  a  water- 
crane. 
Pig.  1304.  Fig.  1304  is  the  cistern 

used  in  houses  when  the 
water  supply  is  intermit- 
tent ;  it  has  a  main-service 
pipe  provided  with  a  hall- 
valve,  a  /imisc-service  pipe 
a,  provided  with  a  ball- 
cock  b,  and  a  rose  to  strain 
the  water,  a  standing 
House- Cistern.  toaste-mpe  c,  to  allow  ex- 

cess of  water  to  run  off, 
and  a  ti;as^-pipe  d,  which  allows  the  cistern  to  be 
emptied  for  cleansing,  when  the  standirig-^ii^  is  re- 
moved. 

Capacity  of  Cisterns  in  Oallmis  for  each  Ten  Inches 
in  Depth. 


^^^=F^ 

= 



- 

d 

Diam.  in  Feet 

OaUons. 

Diam.  in  Feet 

Gallons. 

2 

19.5 

8.5 

353.72 

2.5 

80.6 

9 

396.56 

8 

44.6 

9.5 

461.4 

8.5 

59.97 

10 

489.6 

4 

78.33 

11 

592.4 

4.5 

99.14 

12 

705 

5 

122.4 

13 

827.4 

5.5 

148.1 

14 

959.6 

6 

176.25 

15 

1,101.6 

6.5 

206.85 

20 

1,958.4 

7 

239.88 

25 

3,059.9 

7.5 

275.4 

30 

4,406.4 

8 

313.33 

2.  {Mining.)  A  tank  in  a  deep  mine  shaft,  set 
upon  a  scarcement ;  it  serves  to  receive  the  water 
of  the  pump  below,  and  supply  water  to  the  pump 
above.  The  usual  length  for  a  set  of  mining  pumps 
in  25  to  30  fathoms.  At  such  intervals  cisterns  are 
placed. 

3.  {Steam-engine.)  The  vessel  inclosing  the  con- 
denser of  a  condensing  steam-engine,  and  containing 
the  injection  water. 

4.  {Glass.)  The  receptacle  into  which  glass  is 
ladled  from  the  pots  to  be  poured  on  the  table  in 
making  plate-glass,  or  in  ciTsting  glass.     A  cuvette. 

ds'terii-fil'ter.  A  cistern  having  a  permanent 
chamber  which  has  filtering  material  intervening 

between  the  supply 
and  discharge.  In 
Fig.  1305,  the  water 
passes  through  the 
filtering  material 
■  down  one  side  of 
J  the  vertical  axial 
division,  and,  after 
passing  beneath  it, 
rises  upon  the  other 
side. 

In  Fig.  1306,  the 
filter  is  at  the  lower 
end   of  tlie   pump- 
stock.      Two     con- 
•  centric       cylinders 
are     clamped     be- 
tween an  upper  and 
^  under      disk,      by 
_  means    of    an    en- 
FiUering-  Cistern.  larged  section  of  the 


pump  tube.     The  annu-  J^- 1806. 

tar  space  between  the 
cylinders  is  filled  with 
filtering  material,  and 
the  cylinders  are  per- 
forated on  opposite  sides, 
so  that  the  water  makes 
a  partial  circuit  to  reach 
the  inner  space  which 
connects  with  the  pump 
tube. 

Cis'tem-pump.  A 
small  pump,  lift  or  force, 
for  pumping  water  from 
the  moderate  depth  of  a 
cistern. 

Cit'a-deL    {Fortifica- 
tion.)    An    inner  work  cistem-FiUer. 
capable  of  independent 
defence,  but  joined  to  the  other  works  of  a  place. 

Citii'a-ra.  {Music. )  An  old  kind  of  harn.  The 
cithern  is  an  Austrian  stringed  instrument.  Tne  cilole 
is  an  instrument  like  the  dulcimer.  The  dteen  is  an  an- 
cient instrument  resembling  the  lute.     See  Cittern. 

Ciftem.     {Mvsic.)     An  old  kind  of  guitar. 

**  My  lord  [Sandwich]  called  for  the  lieutenant's 
cittern,  and  with  two  candlesticks  with  money  in 
them  for  symbols  (cymbals),  we  made  barber's 
music."  —  Pepys,  1660. 

Civ'er-y.  {Architecture.)  A  bay  or  compart- 
ment of  a  vaulted  ceiling.     A  severy. 

Ciy/il  En-gi-neer'ix^;.  See  under  the  following 
heads :  — 


Adobe. 

Aligimient. 

Anchor-gate. 

Anchor-suspension  cable. 

Angle  of  repose. 

Aqueduct. 

Arch. 

Arched  beam. 

Artesian  well. 

Asphalte  pavement. 

Auger. 

Baleine. 

Hallast. 

Bank  protector. 

Baunuette. 

Basalting. 

Batter. 

Battering  plumb-rule. 

Battery-head. 

Beam. 

Bearing-pile. 

Bech^. 

Bed. 

Bench. 

Berme. 

Be  ton. 

Bevel  plumb-rule. 

Bla.sting. 

Blasting-needle. 

Blinding. 

Bolt  and  spike  extractor. 

Boring  wells. 

Bottoming. 

Bo  wstri  ng-girder. 

Box-beam. 

Breakwater. 

Breast-wall. 

Bridge     (varieties,     see 

Bridge). 
Bridge-stone. 


Buckled  plate. 

Cable.   Submarine. 

Cable.  Suspension-bridge. 

Caisson. 

Camel. 

Camp-sheeting. 

Canal. 

Canal-lift. 

Canal-lock . 

Canal-lock  gate. 

Carpentry. 

Causeway. 

Cendre^'de  Toumay.- 

Centering. 

Chemise. 

Claw  bar. 

Cob  wall. 

Coffer  dam. 

Compo. 

Concrete. 

Conduit. 

Construction  way. 

Corduroy  road. 

Counter-fort. 

Coursed  masonry. 

Cradle. 

Ci-evasses.   Stopping. 

Crosette. 

Crow-bar. 

Crow's  foot. 

Cuddy. 

Culvert. 

Curb. 

Cutling. 

Dam. 

Dead-wall. 

Detonating-primer.' 

Digue. 

Dike. 

Ditchibg-machine. 
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Diving-bell. 

Dock  (varieties, see  Dock). 

Draining. 

Drill. 

Drum-curh, 

Dualine. 

Damping-bucket. 

Dynanaite. 

Earth-boring  auger. 

Eaith-work. . 

Embankment. 

Excavator. 

Explorer. 

Extension  ladder. 

False  works. 

Fascine. 

Filling. 

Finger-grip. 

Fire-escape. 

Fire-ladder. 

Flood-gate. 

Fulminate. 

Gabion. 

Gage-ladder. 

Gavelock. 

Girder. 

Grab. 

Grade. 

Gmdient. 

Grading-post. 

Gmfting  tool. 

Grapnel. 

Graving-dock. 

Grillage. 

Gi-ound-mold. 

Ground-plan. 

Ground-plot. 

Ground-work. 

Grout. 

Gulleting. 

Gunpowder. 

Half-lattice  girder. 

Horse  power. 

Horse  run. 

House  mo  via; 


Monkey. 

Mortar. 

Nitrine. 

Nitro-glycerine. 

Nitroleum. 

Notching. 

Oil-well. 

Pannier. 

Paved  way. 

Pavement. 

Paving. 

Paving-machine. 

Paving-roller. 

Pebble  paving. 

Pick. 

Pier. 

Pierameter. 

Pierre  perdue. 

Pile  (varieties,  see  Pile). 

Pile-drawer. 

Pile-driver. 

Pile-saw. 

PLse-work. 

Pitched  work. 

Plank-road. 

Polings. 

Pozzuolana. 

Praya. 

Pricker. 

Profile. 

Propeller   (varieties,    see 

Propellbr). 
Pump  (varieties, see  Pump). 
Quaarel. 

Quarrying-  machin  e. 
Rail  (varieties,  see  Rail). 
Railroad    (varieties,    see 
Railway-engineeking). 
Raising  sunken  vessels. 
Ram^ 
Rammer. 
Reamer. 
Retaining  wall. 
Rising. 
Road. 


Hydraulic      engineering  Road-making  machine. 


and  devices. 
Hydraulic  mortar. 
Inclined  plane. 
Jar.     Boring. 
Jetty. 
Jumper. 
Ladder. 
Laminated  rib. 
Landing  platform. 
Lattice  girder. 
Lengthening  rod. 
Levee. 


Road  metal. 
Road  roller. 
Road  scraper. 
Rock-crusner 
Rock  drill. 
Roman  cement. 
Roofing  composition. 
Rooting  machine. 
Roof  staging. 
Roof  truss. 
Rounder. 
Runner. 


Level  (varietiejj,8eeLEVEL).Saddle. 
Lewis.  Sand  scoop. 

Lift.     Canal.  Sand  pump. 

Lift-lock.  Scaffold. 

Lighthouse.  Scagliola. 

Lithofracteur.  Scarcement. 

Lock.     Canal.  Scraper. 

Macadamizing.  Screw-pile. 

Masonry    (see    Masons'  Sea  wall. 

AND       Bricklayers'  Sewer. 

Tools,  etc).  Shield. 

Metal.  Shipwrighting  (which  see). 

Mill-dam.  Shrinkage. 

Mining     (varieties,     see  Side  cutting. 

Mining).  Signal- tower. 

Mole.  Sinking. 


Slackwater  navigation. 

Slating. 

Slip. 

Slope. 

Sludger. 

Snow -sweeper. 

Spandrel. 

Spoil. 

Staging. 

Staith. 

Stall-boards. 

Starling. 

Steam-engine  (which  see). 

Steining. 

Stone.     Artificial. 

Sti'eet-railway. 

Street-sprinkler. 

Street-sweeper. 

Street-watering. 

Subterranean  railway. 

Sub-way. 

Suspension  bridge. 

Suspension  railway. 

Swing  bridge. 

Talus. 

Tamping. 

Tamping-bar. 

Tamping-plug. 

Teaming. 

Telo-dynamic  cable. 


Temoine. 

Topit. 

Tori)6do  for  oil-wells. 

Track-layer. 

Traction  engine. 

Tramway  for  ferry-boats. 

Tram-road. 

Trass. 

Trestle. 

Truss. 

Tube-extractor. 

Tubular  bridge. 

Tunnel. 

Tunnel-excavator. 

Vault. 

Vault-cover. 

Vault-light. 

Viaduct 

Water-elevator        (which 

see). 
"Water-wheel  (which  see). 
Well. 

Well  boring. 
Well-drill. 
Well  packing. 
Well-tubes,  driven. 
Well-tube  filter. 
Wharf. 
Wing  wall. 
Wire  way. 


Clack.  1.  {Milliorighlmg.)  A  device  in  grain- 
mills  for  ringing  a  bell  when  more  grain  is  recjuired 
to  be  fed  to  the  hopper.     A  mill-hopper  alarm. 

2.  A  valve. 

Claok-boz.  1.  In  a  locomotive,  a  ball -valve 
chamber  attached  to  the  boiler,  and  preventing  the 
reflux  of  water  in  the  feed-pipe. 

2.  The  chamber  of  a  clact -valve.  The  illustra- 
tion shows  the  parts  of  a  bucket-lift  of  a  (!k>mish 

Fig.  1807. 


Qack  Box  and  Door. 

pump,  lying  upon  the  ground.     It  shows  the  work- 
ing-barrel a,  clack-box  6,  door  c,  and  wind-bore. 

Claok-door.     {Miniiig.)    The  aperture  through 
which  the  dock  is  fixed  or  removed. 

Clack-mill.  A  noisy  clapper  urged  by  the  wiixd, 
and  intended  to  scai-e  birds. 

Clack-valve.     A  valve  hinged  at  one  edge, 
opened  by  the  passing  current, 
and  clacking  back  on  its  seat  ^te  1308. 

by  gravity. 

The  butterfly-valve  has  two 
leaves  hinged  to  a  bar  crossing 
thepas.sage-way. 

The  valves  of  the  feed-pump 
of  a  locomotive  are  technically 
called  clackSf  though  they  are 
frequently  6fi//-valves.  ^ 

a,  valve  ;  6,  hinge  ;  d,  seat.  *^ 

C  lam 'ming-ma-chine'. 
A  machine  in  which  an  engraved  Qack -Valve. 

and  hardened  die  {iiUaglio)  is 
made  to  rotate  in  contact  with  a  soft  steel  mz7/,  in  order 
to  deliver  a  cameo  impression  thereupon.     The  mill  is 
used  to  indent  copper  ix)llers  for  calico  printing.     It 
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Fig.  1809. 


Oamming- Machine. 


is  the  same  system  as  that  used  in  the  American 
bank-note  engraving,  and  was  invented  by  Jacob 
Perkins. 

The  mill  is  cylindrical,  and  is  Joumaled  in  bear- 
ings attached  to  the  beadstock  B  of  the  machine. 
The  cylindrical  die  is  joumaled  in  the  sliding-piece 
C.  The  mill,  having  been  adjusted  in  its  bearings, 
is  forcibly  screwed  up  against  the  die,  to  which  mo« 
tion  is  imparted  by  the  gears  D  E  operated  by  the 
winch  F. 

Clamp.  1.  A  pile  of  bricks  built  up  together  in 
order  to  be  burned. 

2.  (Metallurgy.)  A  pile  of  ore  heaped  for  roasting, 
or  of  coal  for  coking. 

8.  {Joinery.)  a,  A  frame  with  two  tightening 
screws  by  which  two  portitms  of  an  article  are  tight- 
ly compressed  together,  either  while  being  formed, 
or  while  their  glue  joint  Is  drying.     (6,  Fig.  1310.) 

h.  A  back  batten  inserted  or  attached  crosswise  to 
unite  several  boards  and  to  keep  them  from  warping. 
Otherwise  called  a  key. 

4.  {Shipbuilding.)  The  internal  planking  of  a 
ship  under  the  shelf  on  which  the  enos  of  the  deck- 
beams  rest.  ITl  vessels  of  war,  the  clamp  is  the 
planking  above  the  ports,  and  the  spirketing  that 
oelow  the  ports.     See  Spirketino. 

6.  {Ordnance.)  One  of  the  hinged  plates  over 
the  trunnions  of  a  gun,  usually  called  capsqiiarea. 

6.  (Machinery.)  One  of  a  pair  of  movable  checks 
of -lead  or  copper  covering  the  laws  of  a  vise,  and 
enabling  it  to  grasp  without  bruising. 

7.  (Saddlery.)    See  Sewinq-clamp  ;  Stitchino- 

CLAMP. 

For  varieties  of  clamps,  see  under  the  following 
heads :  — 


Axle-clamp. 
Bench-clamp. ' 
Book-clamp. 
Castrating-clamp. 
Claw    for    suspending 

tackle. 
Clutch. 
Flask-clamp. 
Floor-clamp. 
Grinding-clamp.  • 
Harness-clamp. 
Hitching-clamp. 
Holdfast-clamp. 


Joiners'  clamp. 

Lathing-clamp. 

Line-claroo. 

Molders'  clamp. 

News))aper-clamp. 

Pipe-clamp. 

Planking-clamp. 

Rigging-clamp. 

Rope-clamp. 

Kope-clutcn. 

Saw-clamp. 

Sail-dutch. 

Screw-damp. 


Tourniquet. 
Vise-clamp. 
Weather- boarding  damp. 


Sewing-clamp. 
Stitching-clamp. 
Stopper.     Cable. 
Strap-clamp. 

Clamp'er.  A  metallic  shoe  for  a  boot-heel,  hav- 
ing calks  to  prevent  slipping  on  ice.     An  iee-ertqter. 

Clamp-nail.  (Shipwrighting. )  A  large  kind  of 
nail  used  to  secure  the  clamps  to  the  ribs  of  a  ship. 

Clamp-acre'vr.  A  joiner's  implement,  on  the 
bench,  or  to  be  attached  to  the  work,  for  holding 
work  to  a  table,  or  two  pieces  together. 

Fig.  131K). 


Qamp-Semo. 

Ciap'board.  (Carpentry.)  (Ger.  klapp^xtrd,) 
A  term  irregularly  used.     It  means  :  — 

1.  A  weather-board  on  the  side  of  a  house,  laid  on, 
lapping  the  one  beneath  it,  clinker  fashion. 

2.  A  rooiin^-board  laiger  than  a  shingle  and  not 
usually  shavea.  A  common  size  is  a  riven-board  48 
inches  lon^,  and  8  inches  broad.  They  are  rived  in 
the  direction  of  the  medullary  rays,  and  the  edge 
toward  the  heart  is  the  thinner  of  the  two. 

8.  In  East  England,  a  plank  ;  a  cask -stave. 

Machines  are  constructed  for  riving,  sawing,  plan- 
ing, and  gaginff  clapboards. 

Clapni>oara-gage.  A  device  used  in  putting  on 
the  weather-boarding  of  a  house  so  as  to  leave  a  uni- 
form width  of  face  to  the  weather.  The  gage  takes 
its  set  from  the  lower  edge  of  the  board  last  nailed 
on,  and  has  a  stop  for  the  lower  edge  of  the  board 
next  above. 

Clap-net.  A  net  in  hinged  sections  which  dote 
upon  the  game. 

Clap'per.    A  part  which  strikes, 'as :  — 
.    1.  The  tongue  of  a  bell. 

2.  (Mill.)  The  clack  which  strikes  the  mill-hopper. 

3.  A  piece  of  board  to  pat  bricks  to  correct  any 
warping  when  partially  dried,  ill  removing  from  the 
floor  to  the  haclc. 

4.  A  clack-valve. 

Clap'per-TalTe.  (Steam-engine.)  A  valve  sus- 
pended from  a  liinge  and  operating  on  two  openings 
or  seats  alternately.  In  a  modified  form,  it  consists 
of  a  disk  vibrating  between  two  seats.   A  clack-valve. 

Clap-^11.  (aydraxUic  Engineering.)  The  bot- 
tom part  of  the  frame  on  which  the  lock-gates  shut. 
The  miter-ifill ;  lock-sill. 

dar'enoe.  A  close  single-seated  carriage  with 
a  driver's  seat  in  front. 

Clar'i-bePla.     (Mtme.)    A  stop  in  an  organ. 

Clar'i-fi-oa'tion.  The  clearing  of  liquids  by  chem- 
ical means,  as  opposed  to  fltration, 

Clarifiers  or  finings  act  by  :  — 

1.  Embracing  .i;he  feculent  matter  and  subsiding 
with  it  to  the  bottom  of  the  vessel.     Or  :  — ^ 

2.  By  inducing  a  change  in  the  character  of  the  liquid 
by  which  the  feculencies  are  deposited  as  sediment. 

The  usual  clarifiers  are  :  — 
Albumen,  gelatine,  acids,  salts,  blood,  liine,  plas- 
ter-of-paris,  fdum,  heat,  or  aloohol. 
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Qarifier. 


Clarl-fi-er.    ( Sugar. )    A  metallic  vessel  in  which 
cane-j  uice  is  parified 
^«  1811.  by  heatingaiid  treat- 

ment with  lime. 

It  consists  of  a 
hemispherical  cop- 
per pan  Pand  a  cast- 
iron  jacket  J,  the 
intervening  space  be- 
ing filled  with  steam 
by  the  pipe  V.     A 

Sipe  is  used  for  con- 
ucting  off  con- 
densed steam,  and  a 
is  a  faucet  by  which 
air  escapes  when  the 
jacket  is  first  charced 
with  steam.  The 
cylindrical  upper 
portion  L  of  the  pan  is  to  keep  the  scum  from  froth- 
ing over.  The  plug  p  in  the  bottom  of  the  pan  is 
fui-nished  with  two  or  three  holes,  down  either  of 
which  the  contents  of  the  pan  may  be  discharged 
by  the  appropriate  movement  of  the  valve-handle 
beneath. 

The  clarifier  being  filled  with  juice,  steam  is  ad- 
mitted to  the  jacket  and  the  temperature  raised  to 
174**".  After  skimming,  milk  of  lime  is  added  to 
neutralize  the  acid  in  the  juice,  the  process  being 
.  tested  from  time  to  time  by  litmus  paper.  A  thick 
scum  rises  t)  the  top,  and  the  heating  is  continued 
until  the  scum  is  about  to  break,  when  the  steam  is 
shut  off,  the  juice  lallowed  a  few  nrinutes  to  settle, 
ahd  the  middle  portion  or  clear  liquid  is  removed  by 
turning  the  handle  of  the  cock  c,  which  opens  a  hole 
three  inches  from  the  botton  of  the  pan.  As  soon 
as  scum  begins  to  appear  the  discharae  is  stopped. 
The  plug  p  is  then  removed,  when  the  scum  and 
sediment  pass  out  of  the  pan  and  are  placed  in  bags 
which,  by  pressure,  yield  the  remaining  juice. 

In  the  clarifier  shown  in  Fig.  1312,  the  centrifu- 
gal force  generated  by  the  rapid  rotation  of  the  strain - 

Fig.  1812. 


Centrifugal  Clarifier. 

er  G  causes  the  juice  to  flow  up  to  and  discharge 
through  the  perforations  around  its  upper  edge, 
wherei)^  it  is  effectively  brought  in  contact  with  the 
gas  which  pervades  the  curb  J,  The  jets  of  juice 
are  met  by  currents  of  gas,  produced  by  the  vanes. 

Clar'i-fy-ing;.  The  process  of  removing  feculent 
matter  from  saccharine  juices  by  heating,  skimming, 
and  precipitation.     See  Clarifier. 

Clar-i-neV.  {li&].  clarinetto ;  Ft,  clariruUe.)  A 
reed  instniment  used  in  bands.  Its  name  from  da- 
ru8  (Latin),  clear,  si^ifies  a  certain  dominance  of 
tone,  and  truly  it  emits  an  importunate  sound.     It 


is  plaved  by  means  of  holes  and  keys,  opened  and 
closed  by  the  fingers,  after  the  manner  of  a  flute.  It 
was  invented  by  John  Denner  in  Leipsic,  a.  d.  1600. 
The  double  clarinet  of  the  Arabs  is  termed  a  zocnnara. 

Clarl-on.  i^fusic.)  a,  A  trumpet  with  a  nar- 
row tube,  and  having  an  acute  and  shrill  tone.  It 
was  introduced  by  the  Moors  into  Spain,  a.  d.  800. 

6.  A  stop  of  an  organ  having  metallic  reed  pipes 
tuned  an  octave  higher  than  trumpet;  in  unison 
with  principal  and  Jlule.     See  Stop. 

CAasp.  1.  A  catch  or  fastening  for  a  belt,  the 
covers  of  a  book,  etc. 

One  part  has  generally  a  plate,  which  is  bent  over 
to  form  a  hoibk,  and  the  other  has  a  wire  on  which 
the  hook  engages. 

A  belt-clasp  is  sometimes  merely  a  hook  and  eye 
on  the  respective  parts.     See  Belt-coupling. 

2.  (Spinnirtg.)  A  device  consisting  of  two  hori- 
zontal beams,  the  upper  one  being  pressed  upon  the 
lower  one,  or  lifted,  for  drawing  out  the  thread 
of  cotton  or  wool. 

3.  A  little  bent  plate  which  fastens  two  objects 
together,  as  the  clasps  )vhich  attach  the  wires  to  the 
tapes  of  hoop-skirts. 

Clasp-^ook.    1.  A  pair  of  hooks  moving  upon 
the  same  pivots,  and  form- 
ing   mousings    for    each  Fig.  1818. 
other. 

2.  A  tongs,  whose  jaws  , 
a  overlap  upon  each  other.  • 
The  running  ring  b  is  the 
reins.  Clasp-Hook. 

Clasp-knife.    A  large 
knife,  the  blade  of  which  shuts  into  the  handle. 

Clasp-look.  A  lock  on  the  clasp  which  unites 
the  two  flaps  of  a  book-cover. 

Clasp-nail.  A  square-bodied,  sharp,  wrought 
nail,  whose  head  has  two  pointed  spurs  that  sink 
into  the  wood. 

dav^e-cin.  {Music.)  A  harpsichord.  A  pros- 
trate harp  whose  strings  were  agitated  by  plectra 
operated  by  keys. 

Clavl-ohord.  The  clavickord  was  one  of  the 
predecessors  of  the  piano-forte.  Like  the  latter,  the 
strings  were  struck;  unlike  the  har^chord  and 
spinet,  in  which  the  strings  were  vibrated  by  a 
quill. 

The  string  was  struck  by  a  vertical  pin- wire, 
when  the  key  was  depressed.  The  sonorous  vibra- 
tion was  modified  by  a  muffler,  consisting  of  a  strip 
of  cloth.  This  also  gave  a  certain  softness  to  the 
tone.  The  whole  was  enclosed  in  an  oblong  case. 
See  Piano-forte. 

We  read  of  a  clavichord  having  forty-nine  stops 
(keys?)  and  seventy  strings,  which  bore  upon  five 
bridges,  the  first  being  the  highest,  and  the  others 
diminiidiing  in  proportion. 

The  clavichord  used  in  concerts  about  A.  D.  1589 
had  been  known  for  some  centuries ;  it  was  a  flat 
rectangular  box  having  twenty  keys,  embracing  two 
and  a  half  octaves,  the  semitone  B  flat  being  intro- 
duced in  addition  to  the  seven  tones  of  the  diatonic 
scale.  The  instrument  had  no  legs,  and  was  sup- 
ported on  a  table.  It  may  be  considered  the  pre- 
cursor of  the  square  piano.  It  is  probable  that 
there  were  not  so  many  strings  as  keys,  the  strinp 
being  shortened,  as  in  a  guitar,  by  a  device  brought 
into  action  by  the  movement  of  the  key,  which 
struck  the  note. 

"We  read  in  a  Leipsic  work  of  1600  of  an  instru- 
ment brought  by  Pnetorius  from  Italy  to  Saxony, 
in  which  each  key  had  its^own  string.  This  was 
considered  quite  a  novelty  m  a  keyed  instrument, 
though  common  enough  in  harps,  and  was  not  fol- 
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lowed  till  long  ufterwai-ds,  probably  the  latter  half 
of  the  eighteenth  century. 

Clavl-oith-e'ri-um.  (Afimc.)  An  old  form  of 
upiight  stringed  instrument  played  by  means  of 
keys.  It  was  used  early  in  the  sixteenth  century, 
and  has  by  some  been  supposed  to  be  the  same  as 
the  virginal  (which  see).  The  clavicUkeriuni  may 
lie  considered  the  precursor  df  the  upright  piano. 
It  was  modeled  upon  the  cWiara^  and  preserved  a 
harp  sha{>e.  It  was  comparatively  light,  and  was 
rested  on  a  table  or  the  knees  while  playing. 

ClaVi-oym'bal.  Praetorius,  who  wrott^  in  the 
sixteenth  century,  describes  a  clavicymbal  which  he 
saw  at  Prague.  It  was  the  shape  of  a  prostrate 
harp,  or  a  grand  piano  without  legs.  Its  compass 
was  four  octaves,  with  nineteen  notes  in  each  octave. 
The  sharps  and  flats  had  separate  keys  ;  as,  for  in- 
stance, e  sharp  and  d  flat  were  separate  with  differ- 
ent tones  ;  keys  were  also  provided  between  h  and  c 
and  e  and/.     Clavicymbalum. 

Cla'vi-er.  {Music.)  a.  The  key-board  of  an 
organ,  piano-forte,  or  other  instrument  similarly 
played. 

b.  From  Latin  clams^  a  key.  The  musical  instru- 
ment of  the  sixteenth  century,  which  consisted  es- 
sentially of  hafps  played  by  keys,  were  named  from 
the  latter  feature  Clavichord  ;  Clavicymbal  ; 
CLAVICITHERIUM,  ctc.  (which  see). 

Clavl-ole.     {Music,)    A  finger-keyed  viol. 

dainr.     1.    {Carpentry.)    a,    A  hammer  with  a 
bent  and  split  peen  to  draw  nails. 

b.  A  little  split  tool  for  drawing 
tacks. 

2.  The  bent  and  bifurcated  end  of 
a  crow-bar  ;  so  also  of  the  lifting-bar 
of  a  jack. 

3.  A  bent  hook  on  the  end  of  a 
hoisting  chain.     A  grapnel  for  sus- 

^pnding  tackle.     (Fig.    1314.)     A 
I  hook-shaped  tool. 

'  4.  {Locksmithing.)  A  spur  or 
talon  projecting  from  a  bolt  or  tum- 
bler. 

The  essential  feature  is  the  talon  or  hook,  and  the 
word  forms  a  part  of  many  compound  words,  as  — 


Fig.  1314 


Claw. 


Fig.  1316. 


Fig.  1316. 


Cbno-Bar. 


Claw-bar. 

Claw-hammer. 

Claw-jack. 

Claw-wrench. 

Ra|I-claw. 

Tack -claw,  etc. 

Claw-bar.  A  lever 
or  crow-bar  with  a  bent 
bifurcated  claw  for  draw- 


Gaw-Hctmmer. 


ing  spikes,  ^be  cut  shows  a  supplementary  shackle 
G,  for  reaching  the  heads  of  spilces  in  deep-seated 
depressions. 

Claw-ham'mer.  A  hammer  having  a  bifurcated 
bent  peen,  suitable  for  catching  below  the  head  of  a 
nail  to  draw  it. 

Cla'w'ker.  {KniUing-machine.)  A  feed-pawl  or 
hand  for  a  ratchet. 

ClaMT-Mrrenoh.    A    wrench    having    a   loose*, 
])ivoted   jaw   wliich    binds   of 
itself.  Fig.  1317. 

Such  are  many  of  the  forms 


of  pipe-wrenches  (which  see). 

In  r 


5^= 


Oaw-Wnneh. 


the  one  shown,  the  jaw  B 
is  made  to  approach  jaw  A  by 
the  engagement  of  the  circular  A  ( 
rack  a  on  the  handle  with  the 
rack  c  on  the  jaw  B,  so  that 
the  harder  the  strain  on  the 
handle  the  tighter  the  pinch. 

Clay.  A  composition  of 
silex  or  flint,  mixed  with 
alumina.     The  latter  is  usually  about  one  fourth. 

Porcelain  clay  is  formed  by  the  decomposition  of 
a  rock  fonned  of  quartz  and  felds[»ar. 

Chinese.ArfwZm  consists  of — silex,  71.15  ;  alumi- 
na, 15.86  ;  lime,  1.92  ;  water,  6.73. 

Cornish  kaolin  consists  of  —  silex,  50  ;  alumina, 
50  ;  lime,  1. 

In  the  common  acceptation  of  the  t«rm,  clay  is  an 
earth  which  possesses  sufficient  ductility  and  co- 
hesion, when  kneaded  with  water,  to  torm  a  paste 
and  permit  being  fashioned  by  the  hand,  in  a  mold, 
or  on  a  lathe. 

Clayes.  {Fortification.)  Hunlles  to  form  blinds 
for  working  parties.  Reinforced  with  earth,  they 
are  substantially  gabions^  and  as  such  are  of  a  more 
I^ermanent  character. 

Claj'ing.  1.  {Sugar-making.)  A  process  in  the 
crystallization  of  i-efined  sugar  in  molds,  in  which  a 
lump  of  wet  clay  is  laid  upon  the  base  of  the  in- 
verted cone  of  wet  sugar,  to  secure  the  more  \kv- 
fect  drainage  of  the  coloring  solution  therefrom,  by 
the  prolongation  of  the  process. 

2.  {Mining.)  Lining  the  blast-hole  with  clay,  to 
prevent  the  explosive  becoming  damp. 

Clay/ing-bar.  {Mining.)  A  cylindiical  bar  for 
driving  tenacious  clay  into  the  crenel's  of  a  blast- 
hole,  in  order  to  prevent  percolation  of  water  on  to 
the  charge. 

Claj-milL    A  mill  for  giinding  clay  for  bricks, 

Fig.  1318. 


Cta^MOL 
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tiles,  or  the  manufacture  of.  pottery,  stone-ware,  por- 
celain, etc.  The  pug-mill  is  the  form  most  usually 
employed.     See  Brick-maciiine  ;  Pug-mill. 

in  the  South  of  England,  at  a  famous  clay-pit 
-  which  supplies  the  potteries  of  London  and  Stafford- 
shire, a  fonn  of  Chilian  mill  is  used.  The  dry  clay 
is  shoveled  into  a  pan,  which  has  a  grated  bottom  ; 
the  runners  rub  and  squeeze  the  clay  so  as  to  render 
it  homogeneous,  and  mix  thoroughly  the  clayey 
with  the  sandy  particles  with  which  it  abounds.  • 

To  the  upright  shaft  of  the  runners  am  attached 
two  scrapers  projecting  as  far  as  the  rim  of  the  bed- 
plate ;  the  one  is  continually  spreading  the  clay 
over  the  gi*atings,  to  allow  the  fine  clay  to  piwH 
through ;  and  the  other  follows,  collecting  the 
coarser  particles,  and  is  so  placed  as  to  bring  them 
again  under  the  runners. 

Another  kind  of  mill  may  be  used  for  working 
clay  into  mortar  for  bricks.     It  is  used  in  England 


-*y 


i 


Oatf-MiU. 

for  grinding  chalk  into  .pulp  for  adding  to  the  kinds 
of  day  deficient  in  lime,  and  is  called  a  crashing- 
mill.  Two  of  these  mills  are  placed  close  together 
on  a  large  double  mound,  sufficiently  elevated  to 
allow  the  malTin  to  run  down  freely  to  the  brick - 
earth.  The  chalk-mill  'is  a  circular  trough  lined 
with  brickwork,  in  which  the  chalk  is  ground 
by  the  action  of  two  heavy  wheels  with  spiked 
tires,  made  to  revolve  by  either  one  or  two  horses. 
The  trough  is  supplied  with  water  by  a  pump,  the 
lever  of  which  js  worked  by  the  machinery  of  the 
clay-mill,  and  as  the  chalk  becomes  ground  into 
pulp  it  passes  by  a  channel  to  the  brick -earth  with 
which  it  is  incorporated  in  a  pug-mill. 
Clay'nxore.    Foi-merly  the  two-handled  swoi-d 


of  the  Scotch  Highlanders.  Now  a  basket-hilted 
broadsword. 

Cli^y-pipe.    See  Tobacco-vipe. 

Clay-proc'ess.  In  this  process  clay  is  substi- 
tuted lor  plaster  in  the  process  of  mfikiug  stereotype 
molds.  The  face  of  the  type  is  forced  into  the  clay 
by  pressure.  A  plaster-mold,  on  the  other  hand,  is 
formed  by  pouring  the  plaster  on  the  type. 

Clay-pul'ver-is^er.  A  machine  for  grinding 
dry  clay  to  render  it  more  homogeneous  previous  to 
pugging. 

ClayHsoreen'inef  Ma-c]line^  A  machine  for 
sifting  pulverized  clay.  Used  in  preparing  it  for 
some  of  the  finer  ceramic  manufactures.    . 

Cleach'ing-net.  A  hand-net  with  hoop  and  pole. 

Clead'ing.     Plank  .covering  or  casing.     As  : 

1.  (Mining.)  The  boarding  which  lines  a  shaft 
or  a  tunnel 

2.  (Hydraulic  Engineenng.)  a.  The  planking  of 
a  dam  or  coffer-dam  ;  or  of  a  sea-wall,  secured  to 
guide  piles,  for  instance. 

b.   The  planking  or  skin  of  a  canal  lock-^te. 

8.  (Steam-engine.)  The  wooden  covering  of  a 
steam-boiler  or  cylinder  to  prevent  the  ratliation  of 
heat.     Lagging. 

Cleanser  1.  (Leallur.)  A  currier's  straight, 
two-handled  knife,  with  a  blade  two.inches  broad. 

2.  (Founding.)  A  slicker.  A  tool  used  for 
smoothing  suifaces  in  sand-molding. 

3.  (Carding.)  One  of  a  pair  of  small  card  cylin- 
ders called  urchinSf  aiTanged  around  the  periphery 
of  a  card-drum.  The  worker  is  the  larger  of  the 
two  ;  it  takes  the  fiber  from  the  card-drum  and  de- 
livers it  to  the  cleaner,  which  returns  it  to  the  canl- 
drum.     See  Carding-machine. 

Clean'ing-ma-chine'.  {Silk-manufadure.)  A 
machine  in  which  silk  threaa  is  carrieil  from  lx>b- 
bins  over  a  glass  or  iron  guide-rod;  and  then  drawn 
through  a  bmsh  in  order  to  detach  any  pArticles  of 
dust  or  dirt  therefrom.  To  remove  knots  or  bunches 
the  thread  is  drawn  through  a  notch,  in  a  bar  of 
metal.  When  a  knot  refuses  to  pass  through  jthe 
opening,  the  plate  is  depressed,  the  bobbin  lifted 
off  the  friction-roller  which  drives  it,  and,  the  at- 
tention of  the  operator  being  thus  drawn  to  it,  the 
knot  or  fluff  is  picked  off  and  the  bobbin  again  set 
in  motion.     See  also  Cotton-cleaner. 

Cleans'ing-'Vat.  (Brewing.)  A  vessel  in  which 
the  fermentation  of  beer  is  concluded  ;  the  yeast 
running  out  of  the  bung-hole,  and  being  kept  full  by 
supply  from  a  store-vat. 

Clear'ance.  (Steam-engine.)  The  distance  be- 
tween the  piston  and  the  cylinder-head  when  the 
former  is  at  the  end  of  its  stroke. 

Clear-cole.  {Painting.)  (From  elairb  colU, 
transparent  size.)  A  priming  coat  prepared  with 
size  instead  of  oil. 

In  oil-gilding,  a  coat  of  clear-cole  is  laid  on  inter- 
mediate between  the  white  stuff  and  the  oil  gold-size. 
See  Gilding. 

Cleare.  Tlie  filtered  fluid  of  coarae  sugar  de- 
colorized by  Iwne-black. 

Clear'er.  1.  A  tool  on  which  the  hemp  for  sail- 
makers'  twine  is  finished. 

2.  A  rapidly  revolving  roller  in  the  scribbling- 
machine  laid  alongside  the  worker. 

Clear'er-bar.  A  bar  in^a  horse  hay-fork  which 
throws  the  hay  out  from  the  teeth  when  the  rake  is 
lifted. 

Clear-foun-da'tion  Laoe.  Also  called  Lisle 
lace,  from  the  French  town  of  that  name.  A  light, 
fine,  transparent,  white  thread,  hand-made  lace.  It 
has  a  diamond-shaped  mesh  formed  by  two  threads 
plaited  to  a  perp€n<Ucular  line. 
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Clear'ing.  1.  {SUk-manu/acture.)  The  process 
of  removing  irregularities  from  silk  filaments  be- 
fore spinning,  by  passing  them  beneath  a  scraper,  or 
between  steel  rollers.     See  Silk-manufacturr. 

2.  {CkUico-printing.)  Washing  the  dye  solution 
from  the  unmordanted  portion  of  the  cloth,  in  the 
**  madder  style  "  of  printing. 

3.  {Machinery.)  The  amount  of  play  between 
the  meshing-teeth  of  cog-wheels,  to  avoid  jam. 

Clear'ing-beck.  (Dyeing.)  A  vat  in  which 
cottons  printed  with  certain  colors  are  scoured  with 
soap  ana  water. 

Clear'ing-pan.  (Sugar-manufacture.)  A  Clar- 
IFIER  (which  see). 

Clear'ingHEicre'w.  In  some  fire-arms,  a  screw 
at  right  angles  to  the  nipple,  affording  a  communi- 
cation with  the  chamber. 

ClearlngHstone.  The  fine  stone  on  which  the 
currier's  knife  receives  its  final  whetting.  It  is 
first  ground  on  the  rub-atone.  The  knife  has  its 
edge  turned  over  by  a  steel. 

Clear-HitafEl  Boards  free  from  knots,  wane, 
wind-shakes,  ring-hearts,  dote,  sap. 


Cleat.    (Carpentry.)     1. 
Fig.  1820 


Oeau. 


A  strip  of  wood  secured 
to  another  to 
strengthen  it ; 
as  a  batten 
placed  trans- 
versely on  the 
bark  of  several 
boards  which 
ai-e  jointed  or 
matched  to- 
gether. 

2.  (Na\Ui- 
cal.)  A  be- 
laying piece, 
consisting  of  a 
bar  with  two 
arms  fastened 
to  a  po.st  or 
stanchion  by  a 
bolt  passing, 
through  its 
stem. 

a  a,   belay - 
ing-pins. 

rf,  belayed  rop. 

«,  belaying-pm  splice. 


by  cleat. 

b'  b'.  cleats  lashed  to  a 
stay. 

3.  An  iron  nailed  to  a  shoe-sole  to  preserve  it. 

4.  A  trunnion  bracket  on  a  gun-carriage. 
Cleav'er.    A  heavy,  long-bitted  chopping- tool, 

used  by  butchers  in  cutting  up  carcasses.  In  the 
pork-packing  establishments  of  Cincinnati,  Chicago, 
etc..  It  is  used  to  the  exclusion  of  other  cutting 
tools,  except  in  trimming.  Two  men  with  cleavers 
stand  on  each  side  of  tne  block.  One  -cut  severs 
the  head  from  the  body  ;  another  severs  the  body  at 
the  loins,  cutting  off  both  hams  ;  the  third  chops  off 
the  two  hind  feet ;  the  fourth  removes  the  two  fore 
feet ;  a  fifth  divides  the  hams  ;  two  or  three  divide 
the  middles  and  shoulders  on  the  line  of  the  back- 
bone. It  is  more  quickly  done  than  told.  Circular 
saws  are  now  substituted  in  some  establishments. 

Cleav'ing-knife.    (Coopering,)    A  tool  used  for 
riving  juggles  into  stavq,s,  clapboards.     A /row. 
^  Gleav'uig-sa'W.    A  pit-saLVf ;  a  rtp-saw,  as  dis- 
tinguished from  a  cross-cut  saw. 

Clenoh-bolt.  One  whose  pointed  end  is  clenched 
after  passing  through  the  wooil,  —  sometimes  over  a 
washer  or  ring. 

Clep'sy-dra.  A  water-clock ;  a  hydroscape.  The 
invention  of  the  clepsydra  was    ascribed  by  the 


ancient  Egyptians  to  Thoth,  who  is  held  to  be  the 
original  Mercury.  It  was  in  use  among  the  Egyp- 
tians, Chaldeans,  Greeks,  and  Romans. 

The  name  is  derived  from  the  simple  form  of  a 
basin  with  a  small  hole  in  the  bottom,  which,  being  ' 
platted  in  a  vessel  of  water,  gradually  filled  and 
sank.  This  plan  is  said-  to  be  still  used  in  India, 
and  marks  a  time  equal  to  about  twenty  minutes, 
called  a  gurftee.  An  Indian  clepsydra  of  a  difTerent 
construction  is  mentioned  in  the  arithmetical  treatise 
of  Bhas-cara,  written  iu  the  twelfth  centurj'. 

•  The  clepsydra  is  thus  described  in  the  SArya- 
Siddhanta,  a  Sanscrit  text-book  on  astronomy  :  — 
'*A  copper  vessel,  with  a  hole  in  the  bottom,  set  in 
a  basin  of  pure  water,*8inks  sixty  times  in  a  day 
and  night,  and  is  an  accurate  hemispherical  instru- 
ment.' —  Ch.  xiii.,  8.  23. 

The  Chaldean  astronomers  used  clepsydrsLS  as 
measurers  of  time,  and  they  remained  as  accessories 
to  astronomical  observatories  down  to  the  time  of 
Galileo. 

The  Chaldeans  divided  the  zodiac  into  twelve 
equal  parts  by  allowing  water  to  run  out  of  a  small 
orifice  during  the  whole  revolution  of  a  star,  and 
dividing  the  liquid  thus  obtained  into  twelve  parts. 
So  says  Sextus  Empiricus.  It  is  probable  that  the 
discharging- vessel  was  kept  at  a  constant  level, 
or  otherwise  equal  quantities  passing  would  mark 
unequal  times  as  the  pressure  diminished.  If  the 
vessel  were  kept  constantly  full,  it  would  di.schai^ 
a  quantity  equal  to  its  capacity  in  half  the  time  it 
would  empty  itself  unrenewed. 

Atheneeus,  a  distinguished  Greek  writer  of  the 
third  century,  A.  D.,  a  native  of  Egypt,  in  the 
course  of  his  *' table-talk "  mentions  that  Plato 
(372  B.  c.)  had  constructed  a  clepsydra  or  water- 
dial  which  played  upon  pipes  the  hours  of  the  night, 
at  a  time  when  they  could  not  be  seen  on  the  index. 

Vitnivius  dates  the  invention  something  over  100 
years  later,  attributes  it  to  Ctesibus  of  Alexandria, 
who  lived  under  Ptolemy  Euergetes,  245  B.  c,  and 
who  states  that  water  was  made  to  drop  upon 
wheels  which  turned  and  actuated  a  small  statue 
having  a  stick  in  his  hand.  The  figure  rotated  on 
its  pedestal  and  pointed  to  the  figures  on  a  nnm- 
berM  circle.  They  were,  however,  known  before 
Ctesibus,  but  it  is  probable  that  he  applied  toothed 
wheels  to  them.  They  were  introduced  into  Rome 
by  P.  Cornelius  Scipio  Nasica,  167  B.  c.  The  ora- 
tors in  Rome,  in  the  time  of  Pompey,  were  limited 
to  a  certain  time  :  as  Cicero  says,  latrare  ad  clcpsy- 
dram.  It  is  supposed  that  among  the  Romans  they 
consisted  of  a  vessel  from  which  the  water  issued 
drop  by  drop,  falling  into  another  vessel  in  which 
a  rising  float  indicated  against  a  graduated  index 
the  lapse  of  time. 

It  may  be  that  they  used  the  hour-glass,  a  modi- 
fied form  of  the  clepsydra,  sand  being  substituted 
for  water,  and  under  a  gag  or  five-minute  rule,  the 
ninniiig  out  of  the  sand  shut  up  the  mouth  of  an 
orator  who  was  disagreeable  to  the  majority.  The 
friends  of  Cataline,  we  may  sunpose,  failed  to  en- 
force the  rule  against  Cicero,  wnose  friends  moved 
for  a  suspension  of  the  niles,  and  so  we  have  Quous- 
que  tandem  abutere,  etc.,  the  delight  of  compositors, 
and  the  horror  of  dull  school-boys. 

In  the  instrument  of  Ctesibus,  2,  3,  Fig.  1321, 
the  device  for  the  measurement  of  the  hours  was  a 
cylinder  resting  upon  a  pedestal  ;  two  figures  were 
placed  upon  the  latter,  one  of  which  dropped  water 
from  its  eyes,  while  the  other  ^xiinted  with,  a  wand 
to  the  hour  marked  on  a  vertical  line  drawn  upon 
the  cylinder.  This  cylinder  turned  on  its  axis  once 
a  year,  and  on  it  were  drawn  curved  lines  which 
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exhibited  the  inequality  of  the  hours  on  diffei-eat 
days,  by  their  being  marked  at  unequal  distances. 

The  manner  of  working  this  machine  was  to  allow 
the  water  to  rise  through  a  tube,  which,  passing 
through  one  figure,  was  discharged  into  a  reservoir 
3f,  from  which  it  passed  into  the  pipe  BCD,  In 
this  pipe  a  piece  of  wood  floated  ujwn  the  surface, 
and  oy  its  ascent,  as  the  pipe  filled,  it  raised  the 
small  pillar  C  /),  on  which  the  other  figure  rested, 
and  as  the  float  rose  in  the  pipe  the  wand  was  made 
to  point  to  the  different  hours.  Every  twenty-four 
hours  the  vessel  became  filled,  as  did  the  inverted 
siphon,  which  communicated  with  it.  The  water 
was  then  drawn  off  by  the  siphon,  E  F,  and  falling 
in  its  descent  into  the  buckets  of  the  wheel  below, 
put  that  in  motion.  This  wheel  had  six  buckets, 
and  therefore  made  one  revolution  every  six  days. 
Its  axis  carried  a  pinion  of  six  teeth,  working  on 
another  wheel  of  sixty  teeth  ;  this  also  carried 
another  pinion  of  ten  teeth,  and  drove  a  wheel  of 
sixty-one  teeth,  which  by  its  axis  turned  the  pillar 
i-ound  once  in  366  days.     These  macliines  indicate 

fig.  1321. 

1  2  3 


Gepsydras. 

considerable  hydrodynamical  knowledge,  and  sug- 
gest some  acquaintance  of  Ctesibus  with  Archi- 
medes, who  traveled  in  Egypt. 

In  the  clepsydra  shown  at  1,  Fig.  1321,  the  water 
from  ^n  upper  reservoir,  kept  constantly  full,  passed 
through  a  pipe  into  a  drum  having  apertures  of 
various  sizes  corresponding  to  the  length  of  the 
days  at  different  seasons  of  the  year.  The  flow  was 
i-egulated  by  turning  the  ilrum  so  that  its  index 
.should  correspond  with  the  proper  division  of  a 
zodiac  engraved  on  the  face  of  the  clepsydra.  The 
water  was  discharged  into  a  lower  reservoir,  on 
which  floated  an  inverted  vessel  suspended  from  a 
chain  passing  around  an  axis  upon  which  the  hour- 
hand  was  fixed  and  counterbalanced.  As  the  water 
rose,  the  vessel  ascended,  turning  the  hand  on  its 
axis  and  indicating  the  hour  on  a  dial. 

Clepsydras  are  said  to  have  been  found  in  use 
among  the  Britons  by  Julius  Caesar,  65  b.  c. 

The  Saracens  had  several  kinds  of  clepsydras ; 
one  with  a  balance. 

A  clock  was  presented  by  Pope  Paul  I.  to  Pepin, 
King  of  France,  a.  d.  760 ;  was  possibly  a  clep- 
sydra.  Pacificus,  Archdeacon  of  Clenoa,  invented 
one  in  the  ninth  century. 

Lately,  the  clepsydra  has  been  adapted  by  Cap- 
tain Eater,  for  tne  accurate  measurement  of  short 
intervals  of  time,  by  the  flowing  of  mercury  from  a 
small  orifice  in  the  bottom  of  a  vessel,  kept  con- 


stantly   filled    to    a    certain  rig.  1822. 

hight.  The  stream  is  inter- 
cepted at  the  moment  of 
noting  any  event,  and  di- 
verted aside  into  a  receiver, 
into  which  it  continues  to  run 
till  the  moment  of  noting 
another  event,  when  the  in- 
tercepting cause  is  suddenly 
removed  and  the  stream  turned 
to  its  original  channel.  The 
weight  of  mercury  in  the  re- 
ceiver in  compaiison  with  the 
known  rate  of  ^lassage  deter- 
mines the  interval  between 
the  events. 

Professor  Airy,  Astronomer 
Koyal  of  England,  has  applied 
the  clepsydra  to  communicat- 
ing motion  to  telescopes  equa- 
torially  mounted. 

Partington's  clepsydra  is 
constructed  to  dischiarge  equal 
quantities  of  water  in  equal 
times.  ^  is  a  float  on  the 
surface  of  the  water,  and  E  is 
a  weight  to  counterbalakee 
the  weight  of  the  siphon  C, 
and  its  contained  water.  The 
water  is  discharged  at  Ft  the  Oepsydra. 

lower  end  of  the  long  leg  of 
the  siphon,  and  is  collected  in  the  box   O,  which 
forms  the  base  of  the  instrument. 

The  Chinese  clepsydras  are  descril)ed  in  the 
United  States  Agricultural  Report,  1851,  plate  at 
the  end  of  the  book.  The  description  in  the 
Mechanical  Report  of  the  Patent  Oflice,  same  year, 
pp.  335,  et  seq. 

ClereHsto'ry.  That  upper  portion  of  the  mid- 
dle aisle  of  a  Norman  or  Gothic  cathedral  church 
which  shows  above  its  side  aisles,  and  has  a  tier  or 
row  of  windows  on  each  side  looking  clear  over  the 
side-aisle  roof.     A  clear-story. 

Cle'via.    A  stirrup-shaped  metallic  strap,  used 


Fig.  1323. 


CUvu. 


in  connection  with  a  pin  to  connect  a  draft-chain  or 
tree  to  a  plow  or  other  tool. 

The  illustration  shows  several  forms  for  vertical 
and  horizontal  adjustment,  for  plows,  double- trees, 
shovel-plows,  etc.  ^ 

Clew.   {Nautical. )  a.  A  lower  corner  of  a  square- 
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Fig.  1324 


sail  ;  the  aftmost  corner  of  a  fore-and-aft  sail.  The 
clewlines  are  attaiihed  to  the  clews  of  a  sijuare-sail, 
and  draw  the  latter  up  to  the  yard  in  furling.  The 
sheets  are  attached  to  the  same  corners,  and  expand 
the  sail. 

h.  The  lines  fastened  to  the  ends  of  a  hammock 
and  meeting  at  the  grommets,  to  which  are  attached 
the  lanyards  by  which  the  hammock  is  suspended 
from  rings  or  hooks  in  the  deck-beams. 

Clew-gar^net.  (NatUiccU.)  A  tackle  attached 
to  the  clew  of  a  lower  square-sail,  to  haul  it  up  to 
the  yard  in  furling. 

Clew-gar'net  Blpck.  (Nautical.)  A  block  with 
a  single  sheave,  and  strapped  with 
two  eyes,  which  are  lashed  together 
above  the  yard. 

When  double,  the  foremost  sheave 
is  for  the  top-gallant  clewline  and  the 
after  one  ^  for  the  royal  sheet.  The 
leading  part  of  the  fall  follows  down 
the  mast  to  the  deck. 

Clewline.  {Nautical.)  A  Toi>e 
for  hauling  up  the  clew  of  an  upper 
square-sail. 
dlohe.  (PriiUing.)  a.  The  process  of  obtaining 
a  matrix  or  cast  in  intaglio  from  a  form  of  tvpe,  so 
that  a  cast  in  metal  in  cameo  may  be  obtained  there- 
from for  printing  purposes.  The  usual  material  for 
newspaper  work  is  papier-mach^,  or  paper  in  sheets. 
When  tiie  latter  material  is  used,  it  is  dampened  and 
laid  upon  tlie  form,  the  thickness  of  paper,  number 
of  sheets,  and  degree  of  dampness,  being  a  matter  of 
experience  and  skill.  A  stiff  brush  is  then  dabbed 
over  the  surface  in  such  a  manner  as  to  force 
down  the  paper  between  the  type,  so  as  to  obtain  a 
perfect  mold.  This  is  then  dned,  backed  to  give  it 
the  necessary  rigidity,  and  forms  a  mold  on  which 
a  stereotype-plate  is  cast. 

b.  A  mode  of  obtaining  an  impression  from  a  die 
in  high  relief,  or  from  a  form  of  type,  by  striking 
the  cold  die  with  a  sudden  blow  upon  a  body  of 
metal  which  is  just  becoming  solid. 

Click.    The  detent  a,  of  a  ratchet-wheel  b  (Fig. 

1825),  falling  into  the  spaces  between  the  cogs  as 

the  wheel  revolves  in  one  dii-ection,  and  preventing 

the  backward  motion  of  the  wheel.     The  name  is  no 

doubt  derived  from  the  sound.     It  usually  acts  by 

spring,  sometimes  by  gravitation.     In   larger  ma- 

ciiiues  it  becomes  a  pawl,  as  in  the  capstan. 

Click-pulley.    The  rim  of  the  sheave  c  (Fig. 

1325,  B)  has  notches, 

Fig.  1326.  engaged    by   a    spring 

A  click  dj  which  acts  as  a 

detent  to   restrain  the 

sheave    from    running 

back.    The    groove  of 

the  sheave   is  toothed 

to  prevent  the  slipping 

of    the    rope    therein. 

The  click  is  raised  by 

a  trigger  and  cord  when 

requii-ed. 

CUck'et  A  latch- 
key ;  the  latch  of  a 
door. 

Click-wheel.      A 

wheel  whose  cogs  are 

radial  on  one  face  and 

inclined  on  the  other, 

so  as  to  give  a  square 

face  to  the  end  of  the 

dick,  pawl,  ratchet,  or  detent,  which  prevents  the 

back  movement  of  the  wheel.     A  ratchet-wheel. 

Climiyer.     1.  (Telegraphy.)    A  boot   provided 


Click  and  Oiek- Pulley. 


V)(r.  1826. 


aick  and  Click -Wkeel. 

with  spurs,  by  which  a  person  is  enabled  to  climb 
telegraph-poles  to  make  repairs  or  additions  to  the 
wires  or  insulators. 

2.  (Railroad  Engineering.)  A  driving-wheel  of  a 
locomotive,  having  a  positive  ^p,  as  by  cogs  or 
pinchers,  upon  a  rail  or  rack  in  ascending  or  de- 
scending grades. 

Clin^  1.  (Nautical.)  A  mode  of  fastening  large 
ropes,     consisting 

of    a    half-hitcljl  Fig.  1827 

with  the  entf 
stopped  bock  to  its 
part  by  seizings. 
The  outer  end  of  a 
hawser  is  bent  by 
a  clinch  to  the  ring 
of  the  anchor. 

a,  slip-clinch. 

ft,  clinch  secured. 

c,  simple  clinch. 

The  knot  of  the 
breeching,  which 
st»cures  the  gun 
to  the  ring-bolts 
on  the  side  of  the 
gun-port. 

2.  A  fastening, 
d  (Fig.  1327),  ill 
which  the  long  end 
of  a  nail  is  turned  nineh. 

over  and   the   re- 
curved end  caused  to  enter  the  material  so  as  to 
oppose  retraction. 

Clinchina  is  distinguished  from  riveting,  as  the 
metal  in  the  latter  process  is  swaged  down  either 
against  the  object  or  upon  a  wa.sher. 

8.  (Farriery.)  The  turning  over  and  beating 
down  of  the  end  of  a  horseshoe  nail,  against  the 
wall  of  the  hoof,  to  prevent  retraction. 

Clinch-built.    See  Clincheu-work. 

Clinoh'er.  A  tool  for  clinching ,  —  that  is, 
turning  over  the  pointed  end  of  a  nail  so  as  to  pre- 
vent its  retraction. 

In  wood,  the  end  is  bowed  over  and  driven  into 
the  piece  through  which  the  nail  last  passed. 

In  farriery,  the  end  of  the  horseshoe  nail  is  nipped 
off  and  the  stub  -battered  down  so  as  to  oppose 
a  hooked,  flattened  portion,  against  the  action  of 
>\-ithdrawal.  After  the  nail  lias  been  driven  by  a 
hammer  in  the  ordinary  way,  one  jaw  is  placed 
upon  the  head  of  the  nail,  and  the  other  jaw  is 
brought  up  to  engage  with  and  flatten  down  the 
l>oint  of  the  nail. 

Clinch'er-built.    See  Clincher- work. 

Clinoh'er-work.  1.  Lap-jointed  work.  A 
mode  of  building  'in  which  the  lower  edge  of  each 
plank  overlaps    the  one  next    below  it,   like  the 
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weather-boarding  of  a  house  ;  the  shingles  or  slates 
of  a  roof. 

The  terra  is  variously  compounded :  Clincher- 
build,  clincher-plating,  dineher-workt  and,  erro- 
neously, clinker-work. 

The  root  of  the  word  clinch  is  to  grasp  or  fasten, 
and  the  feature  of  the  joint  is  a  lap  or  fold.  Clink 
is  an  onoraatopoetic  word  deriyed  from  the  sharp 
sound  of  a  vitreous  body  when  stnick  ;  hence 
clinker. 

Clincher-work  is  used  on  bo^ts  of  a  lighter  de- 
.scription,  —  the  galley,  gig,  cfitter,  jolly-boat, 
dingy,  etc.  (See  Boat.)  The  lower  edge  of  each 
strake  of  plank  overlaps  the  upper  edge  of  the  next 
stroke  below.  They  are  not  built  upon  frames,  but 
upon  temporary  transverse  sectional  molds,  two, 
three,  and  four  in  number,  which  are  fix6d  at  their 
proper  stations  on  the  keel.  The  strokes  are  then 
put  on,  beginning  with  the-garboard  stroke,  and 
bent  to  the  figure  given  by  the  molds.  Each  strake 
is  fastened  to  the  next  below  it  by  nails,  driven 
from  the  outside  through  the  laps  or  lands. 

When  two  or  more  lengths  of  plank  occur  in 
a  strake,  they  are  scarfed  to  each  other,  the  outside 
lap  of  each  scarf  pointing  aft.  The  scarfs  have  a 
layer  of  tarred  pajier  between,  and  are  fastened 
with  nails  driven  from  the  thin  end  of  each  piece. 

2.  A  mode  of  uniting  the  iron  plates  of  vessels, 
tanks,  or  boilers,  in  which  the  edges  are  lapped, 
and  secured  by  one  row  of  rivets.  It  is  distin- 
guished from  carwZ-build,  in  the  respect  that  in  the 
latter  the  edges  of  the  plates  are  brought  together 
and  the  joint  covered  by  an  interior  lap  or  voelt,  to 
which  the  plates  are  secured  by  two  rows  of  rivets, 
one  to  each  plate. 

Clinoh'ing.  (N'aiUical.)  Slightlv  *  calking  the 
seams  round  the  jwrts  with  oakum,  m  anticipation 
of  foul  weather. 

Clinoh'ing-iron.    See  Clinch  eh. 

Clinoh-jcSnt    See  Clincher- work. 

Clinoh-ring.  A  lap-ring  or  ojwn  ring,  in  which 
the  parts  on  the  sides  *of  the  opening joverlap  each 
other. 

Clin'i-oal  Ther-mom^e-ter.  {Surrfical.)  A 
thermometer  with  a  long  bulb  on  a  bent  arm.  The 
straight  portion  only  is  attached  to  the  index-plate, 
which  has  a  range  from  80''  to  120'.  In  use,  the 
bulb  is  inserted  in  the  axilla,  or  the  mouth.  The 
instrument  is  self-registering,  and  is  graduated  to 
fifths  of  degrees. 

Clink'er.  1.  A  brick  whose  surface  is  vitrified 
by  the  extreme  heat  of  the  fire. 

2.  A  description  of  Dutch  brick. 

8.  A  scale  of  oxide  of  iron  formed  in  foi^ng. 

4.  A  mass  of  incombustible  vitrified  scorijB  or 
slas;,  clogging  a  furnace. 

CUnk'er-bar.  A  bar  fixed  across  the  to|>  of  the 
ash-pit  to  support  the  slice  used  for  clearing  the  in- 
terstices of  tne  bars. 

CUnk'er-built.    See  Clinch  kr-wgrk. 

Cli-nom'e-ter.  1.  An  instrument  used  in  de- 
termining the  slope  of  cuttings  and  embankments. 
It  has  a  quadrant  graduated  to  degrees  and  fixed  at 

Fig.  1828. 


Ciitonietfr  nni  Lttel, 


the  end  of  a  long  bur  which  is  laid  adown  the  slope  ; 
an  index  turns  upon  the  center  of  the  quadrant,  to 
which  a  spirit  level  is  attached.  The  level  being 
set  horizontally,  the  angle  of  the  same  will  be  indi- 
cated on  the  quadrant  as  the  latter  partaken  of  the 
motion  of  the  rod.     A  baiter-level. 

2.  A  carpenter's  tool  for  leveling  up  sills  and 
other  horizontal  framing  timbers. 

That  illustrated  is  a  combined  clinometer,  plumb, 
and  level,  and  has  a  vertical  circular  box,  v/ith  an 
arrftngemeut  of  scales  so  graduate<l  as  to  give,  in 
connection  with  one  or  more  index  fingei-s,  the 
amount  of  deflection  of  an  object  from  a  vertical  or 
horizontal  position,  in  both  cii-cular  and  linear 
measurement. 

din'quant.  A  meretricious  alloy  ;  yellow  cop- 
per ;  Dutch-gold.     See  Alloy. 

Clip.    1.    An  embracing-strap  to  connect  parts 
together,  as  in  the  case  of 
clips    on    the    axle    which 
connect  the  springs  thereto. 

The  wheels  of  the  ancient 
Egyptian  chariots  had 
strengthening  clijis  of  bronze 
at  the  junction  of  the  spokes 
and  fellies.  The  wheels 
were  of  small  diameter,  aiTd 
not  of  very  strong  construc- 
tion. Metal  was  sparingly 
used. 

2.  An  iron  strap  on  a 
double  or  single  tree,  with 
a  loop  by  which  either  is 
connected  to  the  plow-clevis, 
tlie  trees  to  each  other,  or 
the  traces  to  the  single  tree. 

3.  A  projecting  iiange  on 
the  upper  surface  of  a 
horseshoe  which  partially 
embraces  the  wall  of  the 
hoof.  ciip$. 

CUp'per.  1.  {Nautical.) 
A   fast-sailing  vessel,   constructed  on   fine,   sharp 
lines  ;  built  especially  for  speed  rather  than  cai^. 

2.  A  machine  for  clipping  hair.  It  is  esj>ecially 
used  for  horses,  and  in  England  more  than  in  any 
other  country.  One  form  has  a  stationary  knife 
and  several  spiral  knives  on  an  axis,  acting  against 
the  edge  of  the  former.  A  comb  is  so  arranged  as 
to  determine  the  length  to  which  the  hair  is  cut. 

A  more  usual  form  has  a  serrated  knife  recipro- 
cating shearwise,  with  a  similar  plate,  stationary,  or 
also  reciprocating. 

CUp/ping-ehean.    Sheara  for  clipping  hors<*s, 

ns>  1880. 
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liaving  a  guard  which  gages  the  length  of  hair  re- 
maining. One  form  is  shown  in  Fig.  1330,  in 
which  the  serrated  knife  B  is  reciprocated  above 
the  serrated  plate  A  by  means  of  the  handle  //,  the 
hairs  which  come  between  the  teeth  being  severed 
thereby.  A  number  of  cutters  ai-e  so  arranged  on  a 
comb  that  the  length  of  hair  left,  in  clipping,  may 
'  be  regulated,  and  the  cutters  are  guarded  by  said 
comb  so  that  the  skin  of  the  animal  cannot  be  in- 
jured. 

Clip-plate.  (Carriage.)  The  axle-band  of  a 
wheel. 

Clis'e-om'e-ter.  {Surgical. )  An  instrument  for 
measuring  the  angle  which  the  axis  of  the  female 
pelvis  makes  with  that  of  the  body. 

Olives.  A  hook,  with  a  spring  to  prevent  its 
unfastening. 

Glo-a'ca.    A  sewer.  The  word  is  Latin,  and  has , 
been  long  celebrated  in  reference  to  the  Cloca  Max- 
ima,  the  main  sewer  of  ancient  Rome,  constructed 
by  the  Tarquins,  and  yet  serviceable. 

Clock.  An  instrument,  —  ditfering  from  a  watch 
in  not  being  adapted  to  be  carried  on  the  person,  — 
and  having  a  motive  weight  or  spring,  a  train  of 
gearing,  index-hands,  and  figuml  aial,  and  a  pul- 
sative  device  to  determine  the  rate  at  which  the 
mechanism  shall  move. 

Before  the  invention  of  mechanism  by  which  a 
rate  of  motion  of  a  staff  or  pointer  was  made  to  in- 
dicate periodic  lapse  of  time,  the  shadow  of  the  sun 
in  his  apparent  (iaily  progress  enabled  the  observa- 
tion of  the  passing  hours.  A  gnomon,  erected  so  as 
to  throw  its  traveling  shadow  across  a  graduated  arc, 
constitutes  a  dial,  though  many  considerations  in- 
tervene between  the  mere  post-shadow  which  cuts 
the  mark  upon  the  sand,  and  the  dial  whose  read- 
ings will  suit  the  var3ring  circumstances  of  the 
earth  in  its  solar  relations  at  the  solstices  and  the 
equinoxes.    See  Dial. 

First  the  dial  and  then  the  clepsydra,  is  the  ap- 
parent order ;  the  latter  is  a  mechanical  time-indi- 
cator (see  Clepsydra),  but  not  a  clock,  if  the 
meaning  of  the  latter  term  —  to  strike,  to  beat  — 
is  to  constitute  the  distinction  ;  the  cluck-cluck  of 
a  hen,  and  the  click-click  of  a  ratchet-wheel,  are 
the  lingual  allies  of  the  clock,  whose  pendulum  gives 
the  rate  of  the  tick-tick  made  by  the  contact  of  the 
scape-wheel  teeth  wjth  the  pallets. 

The  graduated  face-plate  with  figures  belonged  to 
the  dial  long  before  the  time  of  clocks,  which  are 
audible  in  their  very  name  and  nature,  and  the 
name  dial  is  now  very  properly  applied  to  the  face 
of  a  clock  or  watch,  as  their  duties  are  (Latin, 
dialis)  daily.  We  have  no  record  that  goes  back 
of  the  division  of  the  circle  into  degrees,  and  the 
early  dials  w^ere  thus  divided.  Perhaps  the  vigesimo- 
quartal  division  of  the  dial  was  denved  from  the 
Chinese,  for  their  comi>ttss  had  many  centuries  ago 
a  number  of  divisions  representing  the  cardinal  and 
intermediate  points,  and  also  certain  divisions  of  the 
natural  day.  The  division  of  the  Chinese  compass 
into  twenty-four  points,  marking  periods  of  the 
natural  day  equal  to  15"  of  the  circle,  was  probably 
derived  from  the  supposed  number  of  days  (24  x  16 
=  360)  occupied  by  the  sun  in  its  (apparent)  course 
through  the  neavens.     See  Dial. 

Most  nations,  we  may  sup]iose,  had  some  definite 
mode  of  marking  divisions  of  diurnal  time ;  with 
the  Jews  the  time  between  sunrise  and  sunset  was 
divided  into  twelve  periods,  which  were  therefore 
longer  at  the  summer  solstice  than  at  equinoxes, 
and  longer  at  the  latter  than  at  the  winter  solstice. 
This  complioAted  the  constniction  of  **  the  dial  of 
Aliaz "   referred    to  by  Hezekiah,  and  which  was 


probably  brought  from  Damascus  by  Ahaz  ;  we 
know  that  he  obtained  the  pattern  of  an  altar  from 
thence.  We  read  (Daniel  iv.  19)  that 'Daniel  "was 
astonished  for  one  hour,"  Chaldean  time,  which  Im 
not  astonishing,  considering  the  critical  nature  of 
the  message  he  had  to  deliver.  Distinct  intimation 
of  the  hours  is  ^ven  in  connection  with  the  setting 
up  of  the  dial  m  the  Quirinus  at  Kome,  293  B.  c. 
The  hours  were  called  through  Rome  by  public  cri- 
ers, as  they  were  at  night  by  watchmen,  within  the 
memory  of  some  of  us. 

**They  return  -at  evening;  they  make  a  noise 
like  a  dog,  and  go  round  al^ut  the  city.*'  —  Psalms 
lix.  6. 

Clocks  are  not  very  common  in  China,  being 
mostly  confined  to  the  public  offices,  where  it  is 
common  to  find  half  a  dozen  all  in  a  row. 

The  Chinese  divide  the  day  into  twelve  parts  of 
two  hours  each.  The  Italians  reckon  the  twenty- 
four  hours  round,  instead  of  dividing  them  into  two 
sections  of  twelve  hours  each,  as  we  do.  The 
Mexican  day  was  divided  into  sixteen  hours  or 
periods. 

The  early  expedient  in  £ngland  was  wax  tapers, 
invented  by  Alfred  the  Great,  a.  d.  886.  It  ap- 
pears that  even  hour-glasses  were  not  then  known 
in  England,  though  tliey  are  reganied  as  very  an- 
cient, and  were  certainly  known  in  Kome  long  pre- 
viously. 

The  first  "striking"  or  audible  notification  of 
the  hour,  on  record,  is  the  clepsydra  or  water-dial 
of  Plato,  372  a  o.,  which,  by  the  agency  of  water, 
sounded  upon  organ -pipes  the  hour  of  the  night 
when  the  index  could  not  be  seen.  The  con- 
trivance is  mentioned  by  Atheneeus  of  Egypt,  a  dis- 
tinguished Greek  writer  of  the  third  century,  and 
author  of  the  "Deipnosophistse."    See  Clepsydra. 

Wheel-work  set  in  motion  by  springs  and  weights 
■was  known  in  the  time  of  Arcnimedes  (287-212 
B.  c),  and  applied  to  mechanical  engines  and  toys. 

The  graduated  dial,  the  sliadow  of  the  gnomon 
marking  hours,  was  known  in  Rome  293  b.  c. 

Two  more  things  were  necessary  to .  make  a 
clock  :  — 

1.  To  join  the  wheels  to  a  pointer  which  traversed 
the  dial. 

2.  To  contrive  a  mode  of  regulating  the  speed  of 
the  going  works. 

When  these  two  features  were  united  to  form  a 
clock  is  not  known. 

The  early  indications  are  as  follows :  — 

A.  D.  760,  a  clock  presented  by  Pope  Paul  I.  to 
Pepin,  of  France  :  prt)bablv  a  clepsydra. 

A.  D.  810,  the  clock  sent  by  the  Khalif  Ha- 
roun  al  Ra^'hid  to  Charlemagne  is  believed  to  have 
had  some  kind  of  wheel -wx)rk,  but  to  have  been  im- 
pelled by  the  fall  of  water.  In  the  dial  were  twelve 
small  doors  foiming  the  divisi<ms  for  the  hours,  each 
door  opened  at  the  hour  marked  by  the  index,  and 
let  out  small  brass  balls,  which,  falling  on  a  bell, 
struck  the  hours.  The  doors  continued  open  until 
the  hour  of  twelve,  when  twelve  figures,  representing 
warriors  on  horseback,  came  out  and  paraded  around 
the  dial-plate. 

Pacificus,  Archdeacon  of  Verona,  seems  to  liave 
improved  the  clock. 

A.  D.  1000,  Ebu  Junis,  of  the  University  of  Cor- 
dova, had  a  pendnluni'cloc^  ;  to  which  Gerbert 
is  supposed  to  have  added  the  escapement.  See  Pen- 
dulum. 

The  balance  clock  described  by  Al  Kh&zini, 
twelfth  century,  consisted  of  a  beam  suspended  on 
an  axis  a  little  above  its  center  of  gravity,  and  hav- 
ing attached  to  one  of  its  arms  a  reservoir  which. 
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by  means  of  a  perforation  in  its  bottom,  emptied  it- 
self in  twentj'-four  hours.  The  reservoir  was  poised 
by  other  weights  which  slipped  down  their  arm  as  the 
discharge  of  water  lightened  the  other  arm,  and  the 
place  of  the  weights  marked  the  lapse  of  time. 

Where  the  period  of  the  clepsydra  terminated,  and 
that  of  weight-driven  clocks  commenced,  cannot 
now  be  determined,  but  it  is  certain  that  the  clocks 
of  the  Spanish  Saracens  wei-e  driven  by  weights. 
The  renowne<l  Gerbert  studied  philosophy  and  com- 
mon-sense at  the  Saracenic  University  of  Cordo- 
va, became  successively  a  schoolmaster  at  Rheims 
(where  he  had  a  clock),  Archbishop  of  Ravenna, 
and  Pope  Sylve^ster  IL,  to  which  latter  dignity  he 
was  advanced  by  the  Emperor  Otho  IIL  ;  and  they 
died  by  poison,  both  of  them. 

To  follow  up  the  recital :  — 

A.  D.  1288,  a  clock  was  placed  in  the  old  pal- 
ace yard,  London,  and  remained  till  the  reign  of 
Queen  Elizabeth. 

A.  D.  1292,  a  clock  was  placed  in  Canterbury 
Cathedral. 

A.  D.  1300,  Dante  refers  to  a  clock  which  struck 
the  hours.     Chaucer  refers  to  the  Iwrologc. 

No  certain  mention  is  made,  up  to  this  time,  of 
the  means  of  regulating  the  speed  of  the  machine, 
and  that  the  pendulum  nad  not  been  adopted  to  any 
extent,  is  certain. 

It  may  be  presumed  that  the  device  used  ,was  a 
fly  (see  Fly)  ;  a  wheel  with  vanes  which  impinged 
upon  the  air,  the  latter  affording  a  resistance  pro- 
portioned to  the  size,  number,  radius,  angle,-  and 
8i)eed  of  the  vanes.  Such  was  the  case  probably 
with :  — 

A.  D.  1380,  the  clock  erected  by  Richard  of  Wal- 
linffford,  abbot  of  St.  Albans. 

During  the  same  century  a  pulsating  regulator 
was  introduced  into  France. 

A.  D.  1364,  Henry  de  Wyck,  or  de  Vick,  a  Ger- 
man, erected  a  clock  in  a  tower  of  the  palace  of 
Charles  V.,  at  Paris. 

A.  D.  1368,  a  striking  clock  was  erected  at  West- 
minster.. 

A.  D.  1370,  clocks  at  Strasburg  and  Courtray, 
after  which  they  became  quite  common. 

The  pulsating  arrangement  of  Henry  de  Wyck 
consisted  of  an  dtemating  balance,  which  was  formed 
by  sus])ending  two  heavy  weighta  from  a  horizontal 
bar  fixed  at  right  angles  to  an  upright  arbor,  and 
the  movement  was  accelerated  or  retarded  bv  dimin- 
ishing or  increasing  the  distance  of  the  weights  from 
the  arbor. 

This  clock,  which  had  no  regulating  spring,  was 
the  type  of  the  astronomical  clocks  used  by  Tycho 
Bi-ahe  (1582),  and  by  many  less  illustrous  but  wor- 
thy and  useful  obsei-vei-s,  at  and  about  the  same 
date. 

Clocks  were  in  possession  of  private  persons  about 
1500,  and  about  tne  same  time  watches  were  intro- 
duced. 

Shakespeare  refers  to  a  watch  in  the  play  of 
Twefflh  NigJU,  vfheTe  Malvolio  says: — *' 1  frown 
the  while,  and  perchance  wind  up  my  watch,  or  play 
with  some  rich  jewel." 

*'  Mr.  Pierce  showed  me  the  Queene's  [the  Portu- 
guese princess,  wife  of  Charles  1 1. 1  bedchamber,  and 
her  holy-water  at  her  head  as  she  sleeps,  with  a  clock 
by  her  bedside,  wherein  a  lamp  burns  that  tells  her 
the  time  of  the  night  at  any  time."—  Pepys*s  Diary^ 
1664. 

The  pendulum,  which  engaged  the  attention  of 
the  Spanish  Saracens  in  the  eleventh  century,  and 
I)ersons  of  other  nations  who  were  so  fortunate  as  to 
visit  their  University  of  Cordova,  had  a  sleep  of  six 


centuries,  for  it  w»is  reserved  for  the  seventeenth 
century  to  bring  it  into  general  notice  and  useful- 
ness. 

Eariy  in  the  seventeenth  century,  Galileo,  observ- 
ing the  oscillations  of  a  suspended  lamp,  conceived 
the  idea  of  making  a  pendulum  a  measurer  of  time, 
and  in  1639  published  a  work  on  mechanics  and  mo- 
tion, in  whicn  he  discussed  the  isochronal  properties  ■ 
of  oscillating  bodies  suspended  by  strings  of  the 
same  length. 

A.  D.  1641,  Richard  Hanis  constructed  a  pen- 
dulum clock  in  London,  for  the  church  of  St.  Paul, 
Covent  Garden. 

A.  D.  1649,  a  pendulum  clock  was  constructed 
by  Vinceuzio  Galileo  (the  younger  Galileo). 

A.  D.  1650,  Huyghens  constructed  clocks  on 
this  principle :  —  He  first  explained  the  nature,  prop- 
erties, and  application  of  the  pendulum,  and  made  it 
perfect,  except  the  compensation  added  by  Graham, 
about  1700. 

Anchor  pallets  were  introduced  by  Clement,  in 
1680,  who  also  devised  the  mode  of  suspending  the 
pendulum  from  a  stud,  by  means  of  a  piece  of  watch- 
spring.  The  mechanism  of  rejietition  by  means  of 
pulling  a  string  was  invented  by  Barlow,  1676. 
The  endless  cord,  to  continue  the  clock  in  regular 
motion,  during  the  time  of  winding  up,  was  invent- 
ed by  Huyghens,  1660.  This  was  otherwise  effected 
by  Harrison,  1736,  by  means  of  his  auxiliary  spring 
and  additional  ratchet.  See  Going-whekl.  Huy- 
ghens was  also  the  contriver  of  the  present  dial-work 
for  changing  the  hour  into  sixty  minutes  which  di- 
vide the  circumference  of  the  dial,  traversed  by  an 
additional  hand  in  the  center  of  the  clock-face. 

Clocks  were  applied  to  purposes  of  astronomy  as 
early  as  1484.  Gemma  Trosius,  in  1530,  suggested 
their  use  at  sea  fo"r  acertaining  the  longitude.  In 
1741,  the  English  government  offered  a  reward  of 
£20,000  for  a  correct  mode  of  determining  lon- 
gitude at  sea.  This  was  won  by  Harrison,  in 
1762,  who  invented  and  introduced  the  compensat- 
ing jjendulum  balance,  made  of  two  metals.  See 
Balance  ;  Chronometer. 

The  balance -spring,  which  confers  ujjon  the  bal- 
ance the  isochronal  qualities  of  the  penduhun,  was 
invented  by  Hooke,  who  applied  it  in  a  straight 
form.     Huyghens  changed  it  to  a  helix. 

Graham  invented  the  dead-beat  escapement  in 
1700.     See  Escapement. 

The  spring  as  a  motor  for  time-pieces  was  in- 
vented by  the  Germans,  and  was  renaered  necessaiy 
to  confer  portability  upon  the  invention.  It  was 
first  placed  on  the  arbor  of  the  gi-eat  wheel  and  a 
supplementary  spring  opposed  the  former  during  the 
first  part  of  its  unwinding.  This  was  intended  to 
counteract  the  inequality.  The  fusee  was  afterwards 
introduced.  A  watch  with  a  fusee,  made  in  1525, 
by  Lech,  of  Prague,  was  in  London  a  few  years 
back. 

Musical  or  chiming  clocks  were  invented  in 
Germany.  Buniey  notices  them  as  early  as 
1580. 

In  1544,  the  corporation  of  master  clock -makers 
of  Paris  obtained  a  statute  from  Francis  1.,  forbid- 
ding non-admitted  persons  to  make  clocks^  watches, 
or  alarums,  lai^e  or  small. 

Benjamin  Franklin's  clock  is  noted  as  being  the 
simplest  on  record.  It  shows  the  hours,  minutes, 
and  seconds,  and  yet  contains  but  three  wheels  and 
two  pinions  in  the  whole  movement.  The  lowest 
wheel  has  160  teeth,  and  makes  one  revolution  in 
four  hours.  It  cairies  the  hand  on  its  axle,  which 
|>oints  out  both  the  hour  and  the  minute.  It  turns 
a  pinion  of  ten  leaves,  on  the  same  axis  with  which 
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is  a  wheel  of  120  teeth  that  gives  luotiou  to  a  pinion 
of  eight  leaves.  The  second-hand  is  attached  to  the 
axis  of  this  latter  pinion,  as  also  the  swing-wheel, 
which  carries  thirty  teeth,  that  gives  motion  to  the 
pallets  of  an  anchor-escapement,  and  to  its  pendu- 
lum, that  vibrates  secontfs. 

The  dial  of  tliis  clock  has  an  external  circle  liaving 
240  divisions  in  four  successive  notations  of  sixty 
rach.  This  circle  shows  the  minutes  ;  within  it  the 
hours  are  arranged  in  a  volute  of  three  revolutions 
along  four  radii  which  fonn  right  angles  with  each 
other.  My  this  arrangement,  while  the  point  of  the 
hand  shows  the  minute,  the  side  shows  the  hour, 
or,  more  strictly  speaking,  that  the  hour  is  one  of 
tliree  at  four  hours'  distance  apart  It  is  supjiosed 
that  there  will  be  no  mistake  as  to  the  reading,  to 

Fiz  1331. 


But  so  many  came  to  see  this  (the  like  of  which  all 
allowed  was  not  to  be  seen  in  Eui-ope),  that  Mr. 
Miller  was  in  danger  of  being  ruined,  not  having 
time  to  attend  to  his  own  business.  So  as  none 
offei-ed  to  purchase  it  or  reward  him  for  his  pains, 
he  took  the  whole  machine  to  pieces." 

Church  clocks,  or,  as  they  are  termed  in  the  trade, 
tower  clocks,  are  very  diverse  in  their  appearance 
from  any  hall  or  mantel  clock.  The  clock  in  the 
illustration  is  supported  by  four  legs  upon  the  floor 
of  the  elevated  apartment  in  the  clock -tower,  and  is 
ilriven  by  two  weights,  a  is  the  chain  by  which 
the  gaiiig  weight  is  suspended  ;  the  chain  b  of  the 
striking  weight  passes  upward,  over  a  pulley,  and  is 
thence  suspended.  Each  cliain,  of  course,  keepa  up 
a  constant  strain  upon  its  own  train,  the  going  train 

Fig.  1332.  * 


like  form  carrying  a  ball  which 
constantly  seeks  the  lowest  posi- 
tion, and  thus  indicates  the  hour  by  proximity  to 
the  figures  on  the  spiral. 

Rev.  John  Wesley  in  his  jounial  gives  the  follow- 
ing account  of  a  talking  clock  :  — 

**0n  Monday,  April  27,  1762,  being  at  Lurpan, 
in  Ireland,  I  embraced  the  opportunity  which  I  had 
desii-ed,  of  talking  to  Mr.  Miller,  the  contriver  of 
that  statue  which  was  in  Lurgan  when  I  was  there 
before.  It  was  the  figui-e  of  an  old  man  standing  in 
a  case,  with  a  curtain  drawn  before  him,  over  against 
a  clock,  which  stood  on  the  op)x>site  side  of  the 
room.  Every  time  the  clock  struck  he  opened  the 
door  with  one  hand,  drew  Ixick  the  curtain  with  the 
other,  tunied  his  hea<l  as  if  looking  n>und  on  the 
company,  and  then  said,  with  a  clear,  loud,  articu- 
late voice,  past  one,  or  two,  or  three,  and  so  on. 


Tower  Clo€k. 

affording  through  the  escapement  the  urging  i>rps- 
sure  upon  the  pendulum -rod  m,  which  keeps  its' 
motion  even,  and  neutralizes  exactly  its  tendency  to 
beat  gra<lually  in  a  smaller-  and  smaller  arc,  and 
eventually  run  down.  The  striking  train  keeps  that 
]M>rtion  of  the  machinery  in  constant  readiness  to 
respond  whenever  it  is  released  by  the  recurrence  of 
the  completed  hour,  c  is  the  ]iour -wheel  and  d  the 
siwii,  the  latter  determining  the  number  of  blows, 
while  the  fly  e  regulates  the  rate  of  the  striking, 
that  is,  the  interval  between  the  blows  ;  /  is  the 
striJHiig-lever, 

The  going  train  is  principally  between  the  stand- 
ai-ds  h  h,  between  which  is  seen  the  anchor  of  the 
e.scapement.  The  gimbals  k  k  k  k  connect  to  a.s 
many  rods,  which  drive  the  motion-work  behind  the 
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dials,  situated  in  the  four  faces  of  the  tower  respec- 
tively. 

The  clock  of  Beauvais,  France,  is  composed*  of 
fourteen  different  movements  consisting  of  90,000 
pieces,  weighing  over  35,000  pounds,  and  costing 
£6,600.  The  body  of  the  clock  is  36  feet  high,  and 
16  feet  in  breadth  by  nearlv  9  in  depth.  The  main 
dial  —  there  are  fifty  in  all—  is  the  laigest  work  in 
enamel  in  existence,  and  cost  $  650.  Two  hands  of 
steel  covered  by  platinum  move  over  this  dial 
through  twenty-four  divisions  ;  it  is  pierced,  as  are 
all  the  others,  and  shows  the  pendulum,  weighing 
nearly  one  cwt.,  which  renews  its  impulse  from  a 
steel  ball  vreighing  a  gramme,  or  about  one  thirty- 
second  of  an  ounce.  This  movement  impels  the  four- 
teen others,  and  is  wound  up  weekly,  Ixiing  driven 
by  weights  in  the  usual  way.  The  other  dials  are 
calendars  of  the  days  of  the  week  and  of  the  month, 
the  month*  year,  zodiacal  signs,  eclipses,  phases  of 
the  moon,  etc.  This  clock  shows  seconds  of  time, 
and  indicAtes  events  occurring  not  oftener  tlian  once 
in  100  years ;  for  instance,  it  must  be  remembered 
that  three  centuries  out  of  four  the  last  year  leaps 
its  bissextile.  In  these  yeara  the  clock  has  to  leap 
from  February  29,  and  goes  from  the  28th  to  the 
Ist  of  March.  Here  is  a  movement  occurring  only 
in  400  years. 

A  Strasbourger,  jealous  for  the  honor  of  his  town- 
clock,  seeks  to  outrank  these  Beauvais  claims,  and 
says : — 

"  Our  cathedral  clock  shows  all  these  indications 
and  some  besides.  It  contains  an  ecclesiastical 
computator  with  all  its  indications  ;  the  golden 
number,  the  epacts,  dominical  letter,  solar  cycle, 
etc.  ;  a  per|>etual  calendar  with  the  movable  feasts, 
a  planetaiiiun  on  the  Copemican  system,  showing  all 
the  meau  equinoctial  revolutions  of  every  planet 
visible  to  the  naked  eye  ;  a  celestial  sphere  showing 
the  precession  of  the  enuinoxes,  the  solar  and  lunar 
questions  for  the  reduction  of  the  mean  motion  of 
the  sun  and  moon,  to  true  time  and  place.  The 
Beauvais  cloi^k  makes  a  change  in  every  fourth  cent- 
ury ;  but  ask  an  astronomer  what  is  meant  by  the 
precession  of  the  equinoxes.  He  will  tell  vou  it  is 
a  movement  in  the  stars  describing  a  complete  revo- 
lution round  the  earth  in  the  space  of  about  25,000 
to  26,000  years.  In  the  Strasbourg  clock  is  a  sphere 
following  exactly  this  motion,  and  whose  rotation 
is  of  that  kind  as  to  insure  one  revolution  in  25,920 
years.  The  thing  can  be  measured  and  indicated ; 
It  is  unnecessary  to  await  its  accomplishment." 

The  wooden-clock  manufacture  was  commenced 
in  Waterbury,  Conne(!ticut,  by  James  Harrison,  in 
1790,  on  whose  books  the  first  is  charged  January 
1,  1791,  at  £3  12s.  8d'.  In  East  Windsor  the  brass-  j 
clock  manufacture  was  carried  on  by  Daniel  Bumap. 
In  1793,  Eli  Terry,  who  had  been  instructed  in  the 
business  by  Bumap,  made  bras^  and  wooden  clocks, 
with  long  pendulums ;  price  for  a  wooden  clock  and 
case,  from  ^  18  to  $48,  the  higher  priced  ones  having 
a  brass  dial  and  dial  for  seconds,  and  the  moon's 
age,  and  a  more  costly  case.  Bmss  clocks  with  a 
case  cost  from  $38  to  $60. 

Terry  used  a  hand-engine  for  cutting  the  teeth  of 
the  wheels  and  pinions,  and  a  foot-lathe  for  the 
turned  work.  In  November,  1797,  he  patented  an 
improvement  in  clocks,  watches,  and  time-pieces, 
covering  a  new  construction  of  an  equation  clock, 
showing  the  difference  between  apparent  and  mean 
time.  In  1802,  in  which  year  Willard  of  Boston 
took  a  patent  for  his  time-pieces,  Terry  besnu  the 
business  on  a  larger  scale  by  water  power.  In  1814 
he  introduced  a  new  era  in  the  business  by  com- 
mencing on  the  Naugatuck  River  the  manufacture 


of  the  shelf  or  mantel  clock,  wliich  he  patented  in 
1816.  The  cheapness  of  these  ci-eated  a  wide  de- 
mand. Several  improvements  made  by  him  in  the 
mechanism,  and  the  later  progress  in  machinery 
generally,  have  increased  the  annual  production  in 
that  State  to  hundreds  of  thousands,  and  given  to 
every  household  a  clock,  equal  to  the  old  ones,  at  a 
cost  of  $2  and  upward.  His  descendants  have  been 
engaged  in  the  business  to  the  present  time,  and  his 
pupil,  Chauncey  Jerome,  since  1821. 

The  Assembly  of  Connecticut,  in  October,  1783, 
awai-ded  a  patent  for  fourteen  yeai-s  to  Benjamin 
Hanks,  of  Litchfield,  for  a  self-winding  clock.  It 
was  to  wind  itself  by  the  help  of  the  air,  and  to 
keep  more  i-egular  time  than  other  machines.  The 
principle  was  made  use  of  in  New  York  and  else- 
whfei-e. 

Several  ingenious  applications  of  natural  pulsa- 
tions have  been  made  to  effect  the  same  purpose : 
Washburn's  Thermal- motor,  for  instance,  in  which 
the  expansion  and  contraction  of  bars  of  metal  is 
made  by  diffei-ential  levers  and  ratchets  to  wind  the 
spring. 

Clocks  with  hands  and  dials  having  a  common 
center  are  arranged  to  show  the  time  at  places 
having  different  longitudes.  A  number  of  concen- 
tric circles  are  marked  upon  the  dial  of  a  watch, 
each  of  which  is  marked  with  the  name'  of  a  place. 
The  several  hands  correspond  to  the  numlir  of 
circles,  and  are  constructed  of  different  lengths. 
The  hands  move  upon  a  common  center,  but  ai-e 
capable  of  an  adjustment,  so  that  the  distances  be- 
tween each  of  them  may  be  made  to  correspond  to 
the  diffei-ence  in  time  of  the  places  marked  on  their 
respective  circles. 

An  astronomical  clock  is  one  which  has  a  com- 
pensating pendulum  and  otherwise  of  marked 
quality,  used  in  determining  time  in  observations. 

A  chiming  clock  is  one  in  which  the  hours  or 
fractions  are  marked  by  a  carillon. 

An  electric  clock  is  one  whose  movements  arc 
regulated  by  electro-magnetic  devices. 

A  reffuUUoTf  or  watch-maker's  clock  of  superior 
quality  for  regulating  time-pieces. 

A  sidereal  clock,  one  rcgulated  to  sidereal  time, 
not  mean  time. 

Clook-a-larm'.  A  device  in  a  clock,  which  is 
capable  of  such  arrangement  that  when  a  certain 
hour  is  reached  a  rej)etitive  alann  shall  be  struck 
upon  a  bell. 

An  alarm  arrangement  was  attached  to  the  water- 
clock  constructed  in  France,  in  the  last  century. 
The  clock  consists  of  a  cylinder  divided  into  several 
small  cells  and  suspended  by  a  thread  fixed  to  its 
axis,  in  a  frame  on  which  the  hour  distances,  formed 
by  trial,  are  marked  out.  As  the  water  flows  fi'ora 
one  cell  to  another,  it  changes  very  slowly  the  cen- 
ter of  gravity  of  the  cylinder,  and  puts  it  in  motion. 
The  alarm  **  consists  of  a  bell  and  small  wheels,  like 
those  of  a  clock,  that  strikes  the  hours,  screwed  to 
the  top  of  the  frame  in  which  the  cylinder  is  sus- 
pended. The  axis  of  the  cylinder,  at  the  hour  when 
one  is  desirous  of  being  wakened,  pushes  down  a 
small  crank,  which,  by  letting  fall  a  weight,  puts 
the  alarm  in  niotion.  A  dial-plate  with  a  handle  is 
also  placed  within  the  frame." 

dock-move'meiit  Ham'mer.  The  striker  of 
a  clock  which  sounds  the  houi*s  upon  the  bell  or 
gong. 

Clock-pil'lar.  One  of  the  posts  which  connect, 
and  at  the  same  time  hold  at  the  prescribed  distance 
apart,  the  plates  of  a  clock  movement. 

ClockHSpiing.  A  coiled  steel  spring  in  the  go- 
ing-barrel or  the  stiiking-barrel  of  a  clock  which 
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impels  tlie  train  or  strikes  the  hours,  as  the  case 
may  be.     The  steel  ribbon  from  which  the  sprinp 
are  made  is  about  3  inches  wide,  and  is  split  by  cir- 
cular shears  into  widths  1  ^  inches  to  W  of  an  inch, 
for  the  different  powere  required.      Pieces  of  the 
same  breadth  are  riveted  together  at  the  ends  to 
make  them  continuous,  are  coiled  on  a  reel,  from 
which  they  pass  to  be  hardened,  tenijiered,  i)olished, 
and  colored.   The  heating  is  done  by  passing  the  steel 
ribbon  through  a  red-hot  iron   tube  6  feet  long, 
6  inches  wicfe,  and  2  inches  deep,  which  is  laid 
lengthways  of  a  furnace  of  suitable  length,  so  that, 
while    the    ribbon 
is    heated   by   the 
red-hot  tube,  it  will 
not  come  in  contact 
with  the  fuel.     As 
the  ribbon  emerges 
from  the  hot  tube, 
it  passes  into  a  bath 
of  oil  in  a  tank  six 
feet  long  and  kept 
cool    by   a  water- 
jacket       through 
which    a     stream  ■ 
constantly   passes. 
It      then      passes 
through  a  bath  of 
molten  lead,  which 
gives  it  the  neces- 
sary tem^)er;  then 
between  iron  roll- 
ers, which  are  the 
medium   of  deter- 
mining the  rate  of  motion  of  the  ribbon  through  the 
heating-tube,  the  hardenin^-bath,  and  the  tempering- 
bath.    The  rate  of  progression  is  about  1,000  ieeti>er 
day,  and  of  narrower  ribbons  several  may  be  passed  at 
a  time.    From  the  rolls  the  ribbons  are  again  wound 
over  nicls  and  taken  to  be  polished  and  colore<l. 
The  ribl)on  is  then  passe«l  over  and  under  leather- 
covered  wooden  rollers  revolving  in  boxes  of  emerjs 
by  which  both  surfaces  of  the  steel  are  polished  ;  at 
the  same  time  two  vulcanite  whe<ds  smooth  and 
round  the  edg<»s.     It  is  then  pass^^d  through  a  bath 
of  molten  lead,  which  gives  it  its  color ;  after  cool- 
ing it  is  cut  into  lengths,  the  ends  softened,  the 
hooks  and  eyes  put  on,  and  the  springs  coiled  up 
and  |)acked  for  sale, 

Clook-watoh.  A  watch  adapted  to  strike  the 
hours  and  quarters  similarly  to  a  clock,  as  dis- 
tinguished from  a  repeater^  which  strikes  the  time 
only  when  urged  to  do  so, —  by  pushing  in  the  stem, 
for  instance. 

dook-work  Itamp.    CarceVs  clock-work  lamp 

{»umps  ui)  oil  from  the  reservoir  in  the  foot  of  the 
amp  and  overflows  back  again  from  the  burner  to 
the  reservoir,  the  flow  being  in  excess  of  the  con- 
sumption so  as  to  nrevent  the  heating  of  the  metallic 
portions  around  tlie  wick.  The  clo'k-work  is  run 
oy  a  spring  or  a  descending  weight,  according  to 
circumstances  of  size,  position,  purpose,  or  require- 
ments of  portability.  In  lighthouses,  the  excessive 
supply  inducing  overflow  is  a  necessary  feature?, 
to  secure  uniform  supply,  and  the  arrangement  dif- 
fers from  the  domestic  form  of  lamp. 

De  Kerevenan's  clock-work  lamp  has  a  fan  driven 
by  clock-work  in  the  stem  or  foot,  furnishing  ablaut 
of  air  on  each  side  of  a  flat  wick  to  urge  the  flame 
and  perfect  the  combustion  of  the  carbon  of  the  oil. 
This  may  be  or  has  been  apjdied  to  Argand  lamps. 

Clock-work  has  been  apjilied  to  lamps  and  to  gas- 
burners  to  light  them  at  a  siiecific  prean-anged 
time,  the  device  being  on  the  principle  of  the  alarm 


clock  and  operating  u^Mn  a  lever  or  trigger  to  light 
a  match,  close  an  electiic  circuit,  or  by  other 
mekns. 

Clod-orush'er.  The  modem  Egyptians  use  a 
machine  called  khonfad^  hedgehog,  to  break  tUe 
clods,  after  the  land  lias  been  plowe<k  It  consists 
of  a  cylinder,  studded  with  projecting  iron  pins. 
The  land  shown  in  the  cut  is  in  the  vicinity  of  the 
ancient  Heliopolis,  and  within  sight  of  the  minarets 
of  Cairo. 

One  form  of  clod-crusher  consists  of  a  series  of 
cast-metal  lings,  or  roller-jwrts,  placed  loosely  ujioii 

Fig  1888. 


Esivptiati  God- Crusher  {from  Wilkinson). 

a  round  axle,  and  revolving  ther?on  independently 
of  each  other,  so  as  to  produce  a  self-cleaning  action, 
and  enable  the  machine  to  be  nmdily  turned  round 
about.  The  surfaces  of  the  roller-parts  are  pointed 
with  serrated  edges  and  a  series  of  inner  teeth,  pro- 
jecting sideways,  fixed  at  a  (larticular  angle  to  the 
center  of  the  roller-axle,  so  as  to^t  most  effectually 
in  penetrating  clods  perpendicularly,  and  in  con- 
solidating the  young  plants  in  the  soil.  The  roller 
is  removed  from  place  to  place  on  two  traveling 


CrosskilTs  Clod-Cnaher. 

wheels  of  larger  diameter,  which  lift  the  roller- parts 
clear  off' the  ground.  When  the  roller  has  arrived 
in  the  field  whei-e  it  is  intended  to  lie  used,  the 
wheels  are  removed. 

Another  form  of  clod-cnisher  has  spike<l  rollers 
I  attached  in  the  rear  of  a  harrojv. 

Clog.  A  protection  for  the  foot  worn  over  the 
shoe.  The  sole  is  elastic,  being  made  of  leather  or 
else  having  a  hinge  in  the  shank.  A  toe-cap,  heel- 
piece, and  instep-strap  hold  it  on  the  foot.  Be- 
neath the  sole-piece  ai*e  an  extra  sole  and  heel-tap, 
made  of  wooil. 
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Big.  1885.  It  is  yet  much  used 

in  Europe,  but  goloshes 
or  india-rubber  over- 
shoes have  to  a  consider- 
able extent  superseded 
the  clog. 

The  clog  is  an  ancient 
form  of  foot-wear,  and 
consisted  of  a  leathern 
upper  and  wooden 
sole ;  the  upper  was 
nailed  to  the  edge  of 
the  sole ;  the  latter 
was  sometimes  an  inch 
thick,  and  often  hooped 
with  sheet-iron.  They 
were  worn  by  the 
Greeks  and  Romans, 
and  are  still  common  in 
Ood' Crusher.  ^taly,       Spain,       and 

Portugal.  They  are 
known  as  sabots  in  France  ;  galochast  taTnancos,  and 
ztiecos  in  other  parts  of  the  Continent  of  Europe. 

The     Sabotiers, 
Fig.  1888.,  an  order  of  friars 

which  originated 
in  the  fourteenth 
century,  vowed 
to  "be  shod 
with  wooden 
shoes,"  probably 
as  an  improve- 
ment on  the 
barefooted  Car- 
melites. They 
were  formerly 
worn  by  kings, 
came  to  be  re- 
garded by  the 
populace  of  Eng- 
land as  repre- 
aog.  senting    Popery 

an«l  slavery,  and 
formed  the  burden  of  popular  outcry,  aiding  in  the 
expulsion  of  James  II.  from  the  country.  The  cry 
of  the  mob,  "No  slavery,  no  wooden  shoes,"  made 
Walpole's  life  uneasy. 

Clois'ter.  [Architecture.)  A  covered  ambula- 
tory. 

Close-butt.  {Shipbuilding.)  A  fayed  or  rab- 
beted joint  where  the  parts  are  so  clo.sely  fitted  or 
driven  as  to  dispense  with  calking. 

Clos'er.  (Masonry.)  a.  The  last  stone  or  brick 
in  a  horizontal  course  closing  the  gap. 

b.  A  brickbat  inserted  in  coui*se  when  the  gap 
will  not  admit  a  whole  brick. 

A  king  closer  is  a  bat,  three  quarters  the  size  of  a 
brick.     A  queen  closer  is  a  quarter-brick. 

Close-stooL  A  commode  or  box  with  tightly 
fitting  lid  to  contain  a  chamber- vessel.  A  chamber- 
stool. 

Close-'walL    (Building.)    An  enclosing  wall. 
Clos'ing-ham'mer.    A  hammer  used  by  boiler- 
makers  andiron  ship-builders  for  closing  the  seams 
of  iron  plates.     See  Kiveting-tools. 

Clotn.  (FaJyric,)  A  woven  fabric  of  cotton, 
linen,  or  wool.  Silk  perhaps  hardly  comes  within 
the  category.  See  Fabric  for  list  of  woven 
goods. 

Woolen  cloth,  after  weaving,  is  subjected  to  the 
following  processes :  — 

•  Braying  or  scouring  :  that  is,  washing  in  troughs 
with  heavy  mallets,  water  and  detergents  being  used 
to  remove  the  oil  and  all  acquired  mth. 


Burling:  picking  off  the  knots  made  by  the 
weaver. 

Milling  or  fulling:  to  felt  the  fibei*s  of  the  cloth 
closer  together,  increasing  the  compactness  of  the 
fabric  and  the  finish  of  the  face.  See  Fulli no- 
mill. 

Dressing :  this  is  done  by  teasels,  whose  hooked 
ends  bring  the  loose  fibers  to  the  surface  to  fomi  a 
nap.     See  Teaseling  ;  Dressing. 

Shearing :  the  filaments  drawn  out  by  the  teasels 
are  shorn  or  singed  to  a  length.  See  Cloth-shear- 
ing Machine. 

Pressing :  the  cloth  is  arranged  in  regular  folds 
and  subjected  to  hydrostatic  pressure.  A  polished 
pressing-board  is  placed  between  each  fold.  See 
Cloth-press. 

Some  of  the  later  processes  of  the  cloth-manufao- 
ture  are  varied  or  combined. 

Hot-pressing^  boiling,  steaming,  are  each  of  them 
means  for  giving  a  fine  finish  by  the  application  of 
heat. 

Picking  is  a  process  of  removing  blentishes  by 
tweezers,  or  coloring  faulty  spots  by  a  hair-pencil 
and  dye. 

Fine-dravnng  is  closing  minute  holes  or  faults  in 
the  fabric,  by  inserting  sound  yams  by  means  of  a 
needle. 

Marking  consists  in  working-in  with  white  or  yel- 
low silk  a  word  or  mark  indicating  the  quality  oi' 
the  piece. 

Baling  and  packing  conclude  the  series  of  pro- 
cesses. 

doth-creas'er.  A  device  which  may  be 
clamped       to 

the    table    or  Fig.  1887. 

the  sewing- 
machine,  the 
crease  being 
made  by  the 
adjustable 
bevel-edged 
wheel  under* 
which  the 
fabric  is 
drawn. 

Cloth- 
out'ting 
Ma-ohine'. 
A  machine  for 

cutting  cloth  into  strips,  or  into  shapes  for  making 
into  garments. 

Among  the  various  forms  and  modes  may  be 
cited  :  — 

Knives  corresponding  in  shape  to  the  various 
parts  of  a  garment  are  mounted  upon  a  reciprocating 
platen,  and  descend  ux>on  the  material  piled  in 
thicknesses  upon  the  bed  beneath.  Envelope  blanks 
ore  cut  out  oi  the  sheet  in  this  manner. 

A  guillotine  knife,  straight  or  curved,  and  de- 
scending vertically. 

A  knife  or  saw  reciprocating  vertically  in  a  con- 
stant path  like  a  scroll  saw,  while  the  pile  of  cloth 
below  is  moved  beneath  so  that  the  saw  or  knife 
follows  a  line  marked  upon  the  upper  layer  of  cloth. 
The  knife  is  reciprocated  like  the  needle  of  a  sewing- 
machine,  and  a  presser  foot  holds  the  material.  It 
has  also  an  intermittent  feed. 

A  band-saw  acting  in  the  same  manner. 

A  rotary  cutter  mounted  on  a  vertical  spindle 
which  allows  the  edge  of  the  knife  to  be  presented 
in  any  direction. 

A  mandrel  with  rotary  cutters  to  cut  cloth  into 
strips  for  carpet  or  for  other  purposes. 

Cloth-dress'ing   Ma-onine'.    A  machine  in 


Cloth- Creaser. 
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which  the  nap  of  woolen  cloth  is  raised  bj'  teasels. 
See  Teaselino-machine.  Also  known  oH&gigfjiHg- 
machine. 

Cloth-dry'ing  Ma-ohlne^  A  machine  with 
heated  rollers  over  which  cloth  is  passed  to  drive  ott' 
the  moisture  acquired  in  dyeing,  washing,  etc.  In 
the  example,  M  is  the  feed- roll  from  which  the 
cloth  unwinds  ;  it  thence  passes  over  the  cylinder 
B  Bf  against  whose  .surface  it  is  tightly  drawn  by 

Fig.  1833. 


Cloth- Dryrr. 

the  guide-rollers  L^  L^  Z'  L\  while  the  fans  C 
drive  a  current  of  air  througji  the  meshes  of  the 
wire-gauze  cylinders  and  the  cloth.  N  is  the  take- 
up  roller  on  which  the  cloth  rewinds. 

A  steam  cloth-dryer  shown  at  the  Paris  Exposi- 
tion had  an  annular  steam-chamber  constructed  of 
two  concentric  cylinders,  which  formed  a  closed 
cavity,  and  constituted  the  circumference  of  a  wheel 
more  than  12  feet  in  diameter.  Around  the  circum- 
ference of  this  wheel,  which  turned  slowly  upon  a 
horizontal  axis,  the  cloth  was  carried,  being  kept  in 
T>osition  bymeatis  of  two  endless  chains  having  tenter- 
nooks  attached.  The  cloth  passed  round  nearly  the 
entire  circumference,  beingcarriedoffonthe  same  side 
at  which  it  was  introduced  ;  the  velocity  of  motion  at 
the  circumference  was  about  six  inches  per  second. 

The  construction  permits  the  ateam -chamber  to  be 
made  very  secure  against  accident,  and  yet  to  pre- 
sent an  exterior  of  c^uite  thin  metal,  facilitating  i 
greatly  the  transmission  of  heat.  The  necessary 
strength  is  obtained  by  means  of  numerous  interior 
stays  connecting  the  two  cylindrical  surfaces.  The 
steam  is  admitted  through  the  axis. 

Cloth  Em-boss'lng.  This  is  performed  in  a 
rolling-press,  the  engraved  cylinders  of  which  act 
upon  the  fabric  (or  pai>er),  which  is  passed  continu- 
ou.sly  between  them  ;  or  one  or  more  of  thecylinders 
may  be  printing-cylinders  having  the  usual  color- 
vats  and  doctors. 


Clothea-brush.  A  brush  usually  having  good 
black  Russian  bristles,  adapted  for  brushing  cloth. 

Clothes-dry'er.  A  frame  on  which  clothes  arc 
suspended  to  dry.  Among  the  multitude  of  fomis 
may  be  mentioned  the  post  with  extensible  bars  and 
parallel  cords.  Fig.  IS'69  ;  this  may  be  dismoimted 
and  collapsed  like  an  umbrella.  The  toggle-jointed 
frame,  with  cross-rounds  like  a  ladder,  and  folding 
up  on  the  lazy-tongs  principle.  Others  are  clothes- 
horses,  consisting  of  frames  with  cross-bars,  and 
shutting  together  like  book -covers.  Another  fomi 
has  radial  bars  like  spokes,  or  a  slatted  frame  hinged 
like  a  trap  door,  etc.,  etc. 

The  centrifugal  machine  is  used  to  remove  all  the 
moisture  that  can  be  got  rid  of  by  mechanical  means. 

Clothea-horse.  A  form  of  clothes- dryer  which 
stands  on  legs  and  has  cross-bars  on  which  clothes 

Fig.  1839. 


Gothe.'- Horse. 

may  be  suspended  to  dry.  The  figure  shows  numer- 
ous i-ounds  on  a  frame  collapsable  on  the  lazy-tongs 
principle. 

Clothes-line.  A  cord  or  wire  for  suspension 
between  posts  or  other  supports.  It  is  preferably  of 
white  cord,  and  wound  on  a  reel  in  the  intervals 
of  non-use.     If  left  exposed  tinne<i  iron  wire  is  good. 

Clotilea-line  Hook.  A  hold-fast  or  bracket, 
with  a  spool  on  which  the  line  runs  and  is  f^tretchcd. 


Fig.  1310. 

D 


Fig.  lUl. 
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Ctothfs-Unf  Hook. 

Clothes-line  ReeL  A  cylinder 
or  axle,  on  which  a  clothes-line  is 
wound  and  usually  journaled  in  a 
protected  bracket  or  under  a  pent: 
roof  secured  against  a  building  or 
tree. 

Clothes-pin.  A  little  spring 
nippers  which  •pinches  a  garment 
against  the  line  from  which  it  is 
sn.sf tended  to  dry.  It  may  be  a  split 
pin  ;  a  pair  of  hinged  fingers  with  a 
spring  enclosed  ;  a  bent  wire  having 
a  bight  which  yields  and  clasps,  etc.  ClotMef-SprinUfr 

Clothes-pins  are  turned  and  slot- 
ted in  machines  specially  constnicte<l-  therefor.  • 


Digitized  by 


Google 


CLOTHES-PRESS. 


575 


CLOTH-SHEARIFG  MACHINE. 


Clothes-presa.  1.  A  receptacle  for  clothes. 
A  closet. 

2.  A  press  in  which  clothes  are  flattened  and 
creased;    crape  shawls,  for  instance.     See.  Cloth - 

PUESS. 

ClothesHiprixikler.  A  receptacle  for  water, 
with  perforations  through  wliich  a  fine  shower  of 
water  is  thrown  upon  clothes  in  damping  thein 
previous  to  ironing. 

Clothes-stiok.  A  rod  by  which  clothes  are 
turned,  loosened,  or  lifted,  while  in  the  wash-boiler. 

Clothea-tongB.  A  grasping- tool  for  removing 
hot  clothes  from  a  boiler,  in  washing  or  dyeing. 

Clothes-wring'er.  A  frame  having  a  pair  of 
elastic  rolls,  through  which  clothes  ai-e  passed  to 
stjueeze  out  the  water.     The  improvement  concerns 

Fig.  1342. 


springs  for  pressurt*,  modes  of  gearing,  material  of 
rollers  and  modes  of  securing  tliem  to  their  shafts, 
modes  of  securing  the  wringer  to  the  side  of  the 
tub.     See  Wringer. 

Cloth-fin'ish-ing  Ma-chine'.  One  for  Uasel- 
hig  and  sfiearing ;  raising  the  ,nap,  and  bringing  it 
to  an  even  length.  See  Teaseling  ;  Shearing  ; 
Napping. 

Cloth-fold 'ing  Ma-ohine'.  One  in  wliich  wide 
goods  arc  folded  lengthwise,  ironed  and  pressed 
ready  for  baling.  In  the  example  the  cloth  is 
passed  over  the  bulging,  spreading  roller  n,  which  is 
adjustable,  and  between  the  folders,  which  consist 


Chtk-Folding  Machine. 

of  a  plate  bent  into  a  sinuous  form  like  a  flattened 
S-  From  the  folders  the  cloth  passes  beneath  the 
inclined  steam-heated  ironer  D,  and  from  that  to  the 
rollers  F  F,  by  which  it  is  drawn  forward. 


Cloth'ing  1.  (Steam.)  An  outside  covering  of 
felt,  or  other  non-conducting  material,  on  the  out- 
side of  a  boiler  or  steam -chamber  to  prevent  radia- 
tion  of  heat.     Cleading  ;  lagging, 

2.  {Carding-Tfiachine,)  Bands  of  leather  studded 
with  teeth  of  wire  whicli  engage  the  fiber.  See 
Carding-machine. 

The  following  name«  of  parts  of  clothing  are  used 
in  a  mechanical  sense  :  — 

l^nd.  Hoop. 

Belt.  Jacket. 

Bonnet.  Lining. 

Boot.  Pocket. 

Breeching.  Seam. 

Button.  Shoe. 

Cap.  Skirt. 

Collar.  Sleeve. 

Cuff.  Sole. 

Hat.  Yoke. 
Hood. 

3.  {Menage.)  Full  horse-clothing  consists  of  the 
quarter-sheet,  breast-piece,  hunting-piece,  pad-cloth, 
hood,  body-roller,  and  knee-caps. 

Cloth-meas'ur-ing  Ma-chine'.  A  machine 
by  which  fabrics  made  in  great  lengths  are  measured 
off  in  pieces  of  convenient  length  for  sale,  and  hence 
known  as  piece-goods. 

Cloth-pa'per.  Heavy  paper  used  between  folds 
of  cloth,  in  the  finishing-press. 

Clo^-plate.  That  plate  in  a  sewing-machine 
on  which  the  work  rests,  through  which  the  needle 
passes,  and  beneath  which  is  the  looper,  or  the  low- 
er spool  or  shuttle,  as  the  case  may  be. 

Cloth-presB.  A  hydrostatic  press  in  which 
woolen  cloths  are  subjected  to  pressui-e. 

The  cloth  is  arranged  in  regular  folds,  a  polished 
pressing-board  being  arranged  between  each  fold  to 
prevent  contact  of  the  clotn  surfaces  with  each  oth- 
er. Between  each  tw^o  pieces  of  cloth  is  an  iron 
plate. 

For  hot-pressi-iigy  three  hot  iron  plates  are  inserted 
between  the  folds  at  intervals  of  about  twenty  yards. 
Cold  iron  plates  next  to  the  hot  ones  moderate  the 
heat.  Pressure  is  then  applied,  and  the  pile  allowed 
to  stand  till  cold.  The  cloth  is  then  taken  and  re- 
piled,  so  that  the  creases  of  the  former  piling  come 
in  the  middle  of  the  pressing-boards  at  the  second 
pressure.  Hot  pressing  gives  a  lustrous  appearance, 
but  is  apt  to  spot  with  rain. 

Boiling  and  steaming  have  been  substituted  for 
hot-pressing,  or  used  in  connection  therewith. 

In  the  former  the  cloth  is  wound  tightly  upon  a 
woo<ien  or  iron  roller,  immersed  in  water  heated  to 
180**  F.,  steeped  for  five  hours,  taken  out  and  cooled 
for  twenty-four  hours.    It  is  treated  in  this  way  four 

or  five  times  ;  is  washed  with  fuller's  earth.     It 

is  then  stretched  on  a  tenter-frame  and  dried  in  a 

steam-heated  room. 

In  steaming  J  after  the  cloth  is  hM  pressed^  it  is 

wound  around   a  perforated   copper  roller,   into 

which  steam  is  then  admitted.  If  at  high  press- 
ure, it  will  pass  through  all  the  folds  in  a  few 
minutes  ;  if  at  low  pressure,  it  will  require  one 

and  a  half  hours.     After  this  it  is  boiled  twice. 

This  steaming  saves  the  time  of  three  boilings. 
^       Cloth -pro  v'er.     A  magnifying -glass  em- 
JL  ployed  in  numbering  the  threads  in  a  given 
space  of  cloth. 
ClothHshear'ing  Ma-chined     A  machine 
for  cutting  to  an  even  length  the  filaments  of  wool 
drawn  out  in  the  process  of  teaseling.     It  was  for- 
merly done  by  hana. 

One  cloth-shearing  machine  consists  of  a  fixed 
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semicircular  rack  concentric  with  a  cutting-edge 
called  a  ledger-hlade,  and  a  lanre  revolving  wheel 
containing  eight  small  cutting-disks,  whose  shafts 
have  pinions  which  engage  with  the  teeth  of  the 
semicircular  rack,  so  as  to  give  the  cutting-disks  a 
rotary  motion  on  their  axes,  in  addition  to  their  re- 
volving motion  with  the  larce  wheel.  The  machine 
travels  over  the  cloth,  or  the  cloth  under  the  ma- 
chine, as  may  be  arranged. 

Revolving  shears  are  used  for  shearing  off  the  loose 
fibers  from  the  face  of  woolen  cloths.  For  narrow 
cloths  the  cylinders  are  30  inches  long  and  2  in  di- 
ameter ;  8  tnin  knives  are  twisted  around  the  cylin- 
der, making  2^  turns  in  the  length,  and  are  secured 
by  screws  and  nuts  which  pass  through  flanges  at 
the  end  of  the  axis.  Formerly  the  cylinders  were 
grooved  and  fitted  with  thin,  narrow  plates  of  steel 
6  or  8  inches  long.  The  edges  of  the  8  blades  are 
ground,  so  as  to  constitute  parts  of  a  cylinder,  by  a 
grinder  or  strickle  fed  with  emery,  passed  to  and  fro 
on  a  slide  parallel  with  the  axis  of  the  cylinder, 
which  is  driven  at  about  1,200  turns  in  the  minute. 
In  use,  the  cylinder  revolves  at  about  the  same 
rate,  and  in  contact  with  the  edge  of  a  long,  thin 
plate  of  steel,  called  the  ledger-made,  which  has  a 
very  keen  rectilinear  edge,  whetted  to  an  angle  of 
about  45*^ ;  the  blade  is  fixed  as  a  tangent  to  the 
cylinder,  and  the  two  are  mounted  on  a  swing-car- 
nage with  two  handles,  so  as  to  be  brought  down  by 
the  hands  to  a  fixed  stop.  The  edge  of  the  ledger- 
blade  is  sharpened  by  grinding  it  against  the  cylin- 
der itself,  with  flour,  emery,  and  oil,  by  which  the 
two  are  sure  to  agree  throughout  their  whole  length. 
The  cloth,  before  it  goes  through  the  process  of 
cutting,  is  brushed,  so  as  to  raise  the  fibers  ;  it  then 
passes  from  a  roller  over  a  round  bar,  and  comes  in 
contact  with  the  spring-bed,  which  is  a  long  elastic 
plate  of  steel,  fixe<l  to  the  framing  of  the  machine, 
and  nearly  as  a  tangent  to  the  cylmder  ;  this  brings 
the  fibers  of  cloth  within  the  range  of  the  cutting- 
es,  which  reduce  them  very  exactly  to  one  level, 
this  machine  has  several  adjustments  for  deter- 
mining with  great  nicety  the  relative  position  of  the 
ledger-blade,  cylinder,  and  spring-bed. 

Formerly  the  cloth  was  passed  over  a  fixed  bed 
having  a  moderately  shani,  angular  ridge  ;  but  this 
was  found  to  cause  holes  in  the  cloth. 

Broadcloths  require  cylinders  sixty- five  inches 
long,  and  machinery  of  proportionately  greater 
strength.  In  Lewis's  patent  cloth -cutting  machine 
(English)  the  cloth  is  cut  from  list  to  list^  or  trans- 
versely, in  which  case  the  cloth  is  stretched  by  hooks 
at  the  two  edges,  and  there  are  two  spring- lieds  ; 
the  cylinder  in  this  machine  is  forty  inches  long,  and 
the  cloth  is  shifted  that  distance  between  each  trip, 
until  the  whole  piece  is  sheared. 

Other  fabrics, 
W«-  18*4  such  as  carpets, 

are  sheared  by 
the  same  de- 
scription of  ma- 
chine. 

The  lawn- 
mower  operates 
on  the  same 
principle. 

Clo  th- 
smooth'ing 
Ma-oliiiie\  A 
smoothing  and 
ironing  device 
for  cloth  in  the 
piece.  The  cloth 
IS    damped  and 


heated  by  passage  over  a  trough  inclosiug  a  per- 
forated steam-pipe,  and  then  beneath  a  hollow  heat- 
ed cylinder.  The  winding  roller  is  joumaled  in  a 
weighted  frame,  and  the  cloth  is  wound  while  under 
pressure  between  the  said  roller  and  the  main  cyl- 
inder. 

Cloth-Bpong'er.  A  device  for  damping  cloth 
previous  to  ironing.  In  machines  for  this  purpose 
the  cloth  is  spong^  by  steam  applied  through  a  per- 
forated a^ustable  horizontal  cylmder  around  which 
it  is  rolled. 

doth-Btretoh'er.  A  machine  in  which  cloth  is 
drawn  through  a  series  of  frictional  stretching-bars 
and  passed  over  spreading  rollers  so  as  to  equalize 
the  inequalities  on  its  suiface  and  enable  it  to  be 
firmly  and  sn^^oothly  wound  on  the  winding-roll. 

Cloth-tear'ing  Ma-ohine'.  A  machine  having 
a  fluted  roller  and  knife-edges.  The  latter  push  the 
cloth  into  the  flutes  and  tear  it  into  strips  as  it  passed 
through  the  machine. 

Cloth-teasler.  A  machine  for  raising  the  nap 
of  cloth.     See  Teaselino-machine. 

Cloth-var'nishiing  Ma-ohine'.  For  making 
the  enameled  or  varnished  fabric. 

The  cloth  is  passed  from  the  let-off  roller  beneath 
a  roller  in  the  steam-heated  size-vat  B ;  thence  to  a 
steam-heated  table  (7,  where  the  varnish  is  spread 

ng.  1845. 


Goth' Smoothing  Machine. 


Cloth'Vamishing  Machine, 


by  a  revolving  brush  D,  and  thence  over  the  rollers 
of  the  drying-frame,  where  it  Is  exposed  to  jets  of 
air  from  a  perforated  pipe,  and  from  which  it  is 
wound  on  a  take-up  roller. 

Cloth-Tarheel.  1.  A  giinding  or  polishing  wheel, 
covered  with  cloth  chai*ged  with  an  abrading  or  pol- 
ishing material ;  as,  pumice-stone,  chaUc,  rotUn-stone, 
crociiSf  putty -powder,  rouge,  etc. 

The  cloth  used  is  heavy,  similar  to  that  used  for 
the  blankets  of  printing-presses.  Felted  cloths  are 
sometimes  used. 

The  cloth -wheel  is  used  by  opticians,  lapidaries, 
and  ivory-workers. 

2.  A  form  of  feed-movement  in  sewing-machines. 
A  serrated-faced  wheel  protrudes  upwardly  through 
the  cloth-plate,  and  has  an  intermittent  motion. 

Cloud'ing.  1.  An  appearance  given  to  silks  and 
ribbons  in  the  process  of  dyeing. 

2.  A  diversity  of  colors  in  a  yam  recurring  at  regu- 
lar intervals. 

Clou£^     A  sluice  used^  in  returning  water  to  a  , 
channel  after  depositing  its  sediment  on  the  flooded 
land. 

A  floating  clouqh  is  used  for  scourii^g  out  some  of 
the  channels  of  the  Humber.  It  consists  of  a  frame 
covered  with  plank,  and  having  a  central  culvert 
and  sluice.  In  front  are  timbers  shod  with  iron  in 
serrated  form,  which  can  be  raised  or  lowered  at 
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pleasure.  Side  wings  are  sloped  to  accomniodate 
themselves  to  the  inclination  of  the  banks.  When 
the  water  is  at  high  tide  the  clough  is  floated  u[i 
stream  and  sunk  in  the  channel  by  admitting 
water ;  and  the  wings  extended  by  ropes.  At  full 
ebb  the  sen-ated  frames  are  let  down,  the' machine 
allowed  to  yield  to  the  body  of  water  above,  which 
forces  it  along,  the  teeth  scmping  up  the  mud,  and 
the  current  carrying  it  off. 

Clout.  {Carriage.)  An  iron  shield  or  plate 
placed  on  a  piece  of  timber  in  a  carriage  —  as  on  an 
axle-tree  —  to  take  the  rubbing  and  keep  the  wood 
from  being  worn. 

Glout-naiL     a.  One    with  a  largo  flat    head. 

Fig.  1846. 


StoekstiU  and  Secarfs  Clover- Seed  Harr ester. 

Such  are  used  to  stud  timbers  exposed  to  the  action 
of  marine  borei's ;  also  in  fastening  leather  to 
wood. 

b,  A  long  blunt  stub-nail  for  boot- 
soles. 

c.  A  flat-headed  nail,  used  for  secur- 
ing clouts  on  axle-trees  or  elsewhere. 

Clove.  {Fr.  Clou.)  A  long  spike- 
nail. 

Clove-hitch.  (Nautical.)  Two 
half-hitches. '  A  half-hitch  is  to  give 
the  rope  a  turn  around  the  object,  pass 
the  end  of  the  rope  round  its  standing- 
part,  and  then  through  the  bight.  To 
make  a  clove-hitch,  repeat  the  motion 
around  the  standing  part  and  through 
the  bight,  and  stop  the  end  to  the 
standing-part.     See  Hitch. 

Clove-hook.  {Nautical.)  An  iron 
two-part  hook,  the  jaws  overlapping  ; 
used  in  bending  chain  sheets  to  the 
clews  of  sails,  etc. 

Clo'ver-seed  Har'vest-er. 
Fig.  1346  illustrates  one  mode  of 
harvesting  clover-seed,  and  resembles 
the  first  of  which  we  have  any  record. 
A  wheat-harvester  on  this  principle 
was  running  in  Gaul,  in  the  first  cent- 
ury of  the  Christian  era,  and  the  ma- 
chine continued  in  favor  for  300  years, 
although  it  does  not  appear  to  have 
been  used  in  Italy.  In  front  of  the 
machine  is  a  row  of  fingers,  between 


which  the  stalks  of  the  clover  pass,  while  the  heads 
remaining  above  are  torn  off  and  are  scraped  into 
the  box  of  the  machine.     It  is  known  as  a  header. 

In  the  old  machine  used  1,800  years  ago  in  Gaul, 
it  was  the  duty  of  the  attendant  to  sweep  the  ears 
back  into  the  box  of  the  machine,  which  was  driven 
before  the  ox  that  impelled  it. 

The  English  clover-harvester  of  thirty  yeara  back, 
shown  in  the  loy^er.pai*t  of  same  figure,  is  of  the  old 
Gallic  pattern,  is  drawn  by  one  horse,  and  guided 
by  handles  in  the  rear.  The  load  is  scooped  out 
occasionally  and  deposited  in  bunches  in  the  field. 

Clo'ver-hull'er.  Red  clover  (known  in  England 
as  "broad  clover")  came  from  Flanders  to  England 


Fig.  1347 


,  Clover-HuUer. 

and  from  England  to  the  United  States.  Its  adop- 
tion was  strongly  urged  by  Sir  Richard  Weston,  m 
1645,  who  saw  it  growing  near  Antwerp  in  1644,  and 
noticed  the  speed  of  its  growth  and  how  soon  it  re- 
covered after  mowing.  In  ten  years  it  had  spread 
through  the  kingdom  and  made  its  way  to  Ireland. 

The  clover-heads,  previously  separated  from  the 
straw  by  tramping  or  thrashing,  after  passing  beneath 
the  thrashing-cj'Rnder,  are  raised  by  an  endless  car- 
rier to  a  riddle,  through  which  the  seed  falls  upon 
a  carrier  which  takes  it  back  to  the  huller,  by  which 
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tlie  w^d  is  liberated  from  the  hulls,  to  be  sepaiuted  ' 
by  the  fans  and  riddles.  | 

do'ver-thrash'er.  A  machine  in  which  clover,  i 
hay,  or  the   aftermath,  which  is  cut  for  the  seed  , 
alone,  is  thrashed  and  the  seed  hulled  and  cleaned.   | 
The  clover  is  fed  in  at  the  throat  Ay  thrashed  by  ' 
the  cylinder  By  received  on  the  slatted  apron  JS',  car- 
ried up  past  the  beater  Fy  the  hay  picked  off  by  the 
picker  Gy  and  removed  by  the  straw.-carrier  ff,  while 
the  seed  and  chaff  fall  into  the  shaking-shoe,  when? 
the  sieves  i,  the  vibratory  action,  and  the  blast  fin- 
ish the  sepamtion  and  deliver  the  results  separately. 
The  lower  figure  shows  the  outside  of  the  machine, 
the  arrangement  of  the  belting,  and  the  elevator- 
box  Oy  in  which  the  tailings  and  unhuUed  heads  are 
carried  up  to  be  rethrashed. 

C^ow.   A  sluice  with  a  sliding-gate.  See  Clougii. 
dubl^ing.   (Naidicxl.)   Drifting  down  a  current 
with  an  anchor  out. 

Club-com'pas8-e8.  A  pair  of  compasses  with 
a  bullet  or  cone  on  one  leg  to  set  in  a  hole. 

Club-foot,  Ap'pa-ra'tus  for.     Sheldrake's  ap- 
paratus for  club-feet  and  other  deformities  (English 
patent,    1801)    proceeds    upon 
Fig.  1849.  the  principle  of  continued,  re- 

peated, and  varied  application 
of  springs  to  coiTect  the  ab- 
normal deflection  of  the  part. 

Tieraann's  apparatus  for  tali- 
pes varus  has  a  strong  leather 
[    shoe  with  a  metallic  sole  and  a 
'   joint   near  the   heel   to  allow 
I    lateral  motion.    A  spiral  spring 
draws  the  foot  outward   by  a 
constant,     elastic,     and     easy 
traction.     This  pressure  is  in- 
creased or  decreased  at  will,  by 
fastening  the  spring  in  a  series 

^'^'^V^  ^''^*  °^  sockets. 

The  single  outside  upright 
steel  bar  with  joints  at  the  ankle  is  fastened  round 
the  limb  below  the  knee-joint,  and  so  constnicted 
that  the  screw  at  the  ankle-joint  forces  the  foot  flat 
upon  the  floor,  which  foot  in  almost  all  cases  is 
turned  under  as  indicated  by  the  skiptch.  The 
spiral  spring  d  l)eing  attached  to  a  cat-gut  cord, 
passing  round. a  pulley  at  the  center  of  the. bar  and 
fastened  near  the  toes  upon  the  outside  of  the  foot, 
elevates  the  toes  and  stretches  the  tendo  Achillis,  at 
the  same  time  dmwing  the  foot  to  its  natural  |>osi- 
tion. 

The  apparatus  for'  talipes  valgus  is  on  the  same 
principle,  but  with  reversed  action. 

Club-havd.  (Nautical.)  To  bring  a  ves-sel's 
held  round  oli  the  other  tack,  by  letting  go  the  lee 
anchor,  and  cutting  or  slipping  the  cable,  the  sails 
being  handled  so  as  to  cast  the  vessel's  head  in  the 
remured  direction. 

Clump-block.  (Nautical.)  One  made  thicker 
anil  stronger  than  ordinary  blocks. 

dus'tered  Arch.  (Architecture.)  Arched  ribs 
of  which  several  spring  from  one  buttress ;  shown  in 
the  GotMic  order  of  arehitecture. 

dua'tered  CoFumn.  {Arcliiteeture.)  A  pier 
which  consists  of  several  columns  or  shafts  clustered 
together. 

dutch.  1.  (Machinery.)  A  coupling  for  shaft- 
ing used  in  transmitting  motion. 

The  common  clutch  or  gland  1  (Fig.  1350)  has  a 
loose  band-pulley  /*,  which  revolves  freely  upon  the 
shaft  A  except  when  it  is  shifted  by  the  lever  Ey  so 
that  its  projections  engage  with  the  gland  D,  which  ' 
is  firmly  keyed  to  the  shaft.  I 

The  bayonet-clutch  2  has  bayonets  f  f  attached  to  ! 


a  sliding  arm  />,  and  which  slip  through  holes  in  the 
cross-head,  which  is  keye4  on  its  shaft.  />  is  se- 
cured by  a  feather  on  its  shaft,  and  g  is  the  seat  for 
the  shifting  lever. 

In  8,^  the  clutch-box  J9  is  socketed  upon  the 
square,  arbor  of  the  shaft  A,  and  may  be  slipped  by 
the  lever  E  either  towards  or  from  the  counterpart 


1  A 


box,  which  is  attached  to  the  constantly  revolving 
cog-wheel  C  and  shaft  B.  The  faces  of  the  coupling- 
members  have  coacting  projections  and  interdental 
spaces. 

4  shows  a  double-clutch  by  which  the  vertical 
.shaft  is  made  to  drive  the  lower  one  in  either  di- 
rection. The  lower  shifting- pi^ce  is  secured  by  a 
feather  upon  the  shaft,  and  may  be  coupled  with 
either  of  the  be Vel -wheels,  which  otherwise  run 
loosely  upon  the  shaft. 

The  rtw€-clutch  consists  of  a  tapered  cylindrical 
])lug  sliding  on  a  fast  feather  in  one  shaft,  and  ad- 
mitting of  oeing  forced  by  a  suitable  arrangement 
of  levers  into  the  interior  of  a  somewhat  similar 
cylinder  fixed  on  the  shaft  to  be  driven. 

The  disk-clutch  is  another  form  of  friction -clutch, 
one  disk  A  being  slipped  upon  a  spline  on  the  shaft 
C  so  as  to  impinge  upon  a  rotating  disk  B,  and  par- 
take of  its  motion  or  impart  motion  thereto  by  fric- 
tional  adherence.  Friction-clutches  are  used  in 
heavy  machinery  so  as  to  start  the  machines  without 
a  sudden  jar. 

Fig.  13M. 
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The  lower  illustration  shows  another  form  of  fric- 
tion-clutch in  which  a  hoop  F  on  the  shaft  G  is  set 
in  motion  by  the  bayonet  C  D  E,  which  is  slipped 
upon  the  shaft  A^  the  rods  C  D  sliding  in  holes  in 
the  cross-head  H  B  I^  which  is  keyed  fast  to  shaft 
A.  When  the  bayonets  project,  as  in  the  illustra- 
tion, they  come  in  contact  with  the  studs  L  M  on 
the  hoop,  and  impart  motion  thereto.  The  hoop 
may  be  tightened  on  the  wheel,  which  it  incloses  to 
just  such  an  extent  as  will  cause  it  to  impart  n^otion 
thereto,  when  revolved,  without  giving  too  sudden 
a  jerk  in  starting. 

2.  a.  A  gripper  in  the  end  of  a  chain  by  which  it  is 
connected  to  the  object  to  be  moved,  as  in  the 
foundry-crane,  whose  clutches  take  hold  of  two 
gudgeons  in  the  cente.s  of  the  ends  of  the  flask,  so 
that  a  mold  can  be  lifted  and  turned  round  in  the 
slings  for  examination,  repair,  transposition,  or  re- 
moval. 

h.  A  gi-ipner  having  teeth  which  clasp  a  joist  or 
rafter  of  a  oam  to  afford  a  means  for  suspending 
tackle  for  lifting  in  hay,  ice,  or  what  not. 

Clys'ter-pipe.    The  nozzle  of  an  enema  syringe. 

Clys'ter-ayr'inge.  A  syringe  for  administering 
medicines  per  ano.     See  Enema-syringe. 

Coach.  1.  {Vehicle.)  A  four-wheeled  close  car- 
riage with  two  seats  inside,  and  an  outside  driver's 
seat. 

The  term  is  found  in  some  form  or  other  in  almost 
all  the  languages  of  Europe,  and  is  closely  allied 
to  couch;  reclining  in  comfort  seems  to  be  at 
the  bottom  of  it.     So  Mary,  Infanta  of  Spain,  wife 

FiR.  18J2. 


QiKm  Elizabeth's  State  Coach. 

of  the  Emperor  Ferdinand  III.,  thought, 
in  Carinthia  in  a  close  carriage  with  glas 
Queen  Elizabeth's  car- 
ria^  was  rather  more 
sohd  than  graceful. 

Hackney  -  coach  ;  a 
coach  kept  for  hire. 

Stage  -  coach  ;  one 
travelling  on  a  regular 
route,  and  carrying 
jiassengers.  The  style 
varies  in  diferent  coun- 
tries. The  stage  in 
England  carried  six 
inside  and  fourteen 
outside,  besides  the 
driver  and  guard. 

Mail  -  coach  ;  one 
employed  in  carrying 
the  mails  and  passen- 
gers. See  Car  II I  AGE  ; 
Cart  ;  Chariot. 

2.  {NaiUical.)  A 
cabin  on  the  after-part 
of  the  quarter-deck. 
A  round-house. 

Coak.    1.  {Garpen- 


R  she  rode 
windows. 


try.)  a.  A  projection  from  the  general  face  of  a 
scarfed  timber,  of  the  nature  of  a  tenon,  and  occu- 
l»ying  a  recess  or  mortise  in  the  counterpart  face  of 
the  other  timber.  A  tabling.  The  mortise  is  some- 
times known  as  a  sunk-coak. 

b.  A  joggle  or  dowel  by  which  pieces  are  united 
to  prevent  slipping  past  each  otner,  or  to  fasten 
them  together.     See  Dowel. 

2.  A  square  bushing  in  the  sheave  of  a  block, 
which  forms  a  socket  for  the  pin.     See  Block. 

Coal-bor'ing  bit.  A  bit  with  an  entering  point 
and  a  series  of  cutting  edges  of  steps  of  increasing 
radius. 

Coal-break'er.  A  machine  for  crushing  lump- 
coal  as  taken  from  the  mine.  Also  adapted  to 
cleanse  and  assort  it. 

The  principle  is  illustrated  in  the  annexed  cut ; 
roUei-s  i^ith  spikes. 

The  new  breaker  erected  near  Carbondale  by  the 

Fig.  1368. 


Coal-Breaker. 

Eric  Railway  Company  cost  $300,000.  Some  in 
Sehuykill  County  have  cost  over  $200,000,  and  the 
new  breaker  of  the  Delaware,  I^ckawanna,  and 
Western  Railroad  Company,  near  Hyde  Park,  cost 
in  the  neighborhood  of  $250,000. 

In  that  invented  by  Berard,  shown  in  Fig.  1354, 
the  coal  is  carried  to  a  hopper  C7,  whence  it  falls  on 
to  a  series  of  slanting  movable  gratings  or  perforated 

Elates  D  suspended  by  chains  or  rods,  ana  operated 
y  a  o^m  motion,  by  which  it  is  sorted  into  various 
sizes.  The  larger  pieces  which  fall  through  the 
first  gradng  fiul  on  the  picking  r  table  Ey  where 
stones  and  foreign  substances  are  removed  by  hand, 
while  the  smaller  coal  passes  from  the  second  gi-at- 
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ing  on  to  the  crushing-rollers  F^  and  the  finest  of 
all,  falling  on  a  lower  plate,  is  delivered  by  the 
shoot  e  into  a  pit  c. 

The  rollers  F  have  longitudinal  and  transverse 
grooves,  forming  projections  which  break  up  the 
thin  fragments  of  slate  mixed  with  the  coal,  without 
reducing  the  latter  too  much  in  size.  It  then  falls 
into  the  pit  c,  whence  the  body  of  coal  is  elevated 
by  the  endless  chain  of  buckets  G  F  and  carried  to 
the  sorter  H^  which  separates  it  according  to  size 
for  delivery  to  the  boats  or  cars  which  are  to  receive 
it.  The  finest  i^rtions,  which  pass  through  all  the 
gratings  of  the  separator,  fall  into  the  tank  or  bac 
iT,  through  which  a  current  of  water  is  forced  by 
means  of  a  cylinder  and  piston  0,  raising  the  broken 
pieces  of  slate  sufficiently  high  to  be  forced  through 
a  perforated  plate  and  discharged  by  the  spout 
L  My  the  flow  being  regulated  by  flood-gates,  while 
the  coal,  in  consequence  of  its  greater  weight,  falls 
to  the  bottom  of  the  bac,  from  which  it  is  re- 
moved as  often  as  necessary  through  a  suitable 
opening. 

Coal-break'ing  Jack. 


Fig.  1^> 


Coal-Breaking  Jack. 


The  jacks  A  are  in- 
.  serted  in  a  small  re- 
cess made  in  a  seam, 
and  a  few  feet  of 
flexible  tubing  taken 
to  an  adjacent  pump 
shown  at  B.  On 
working  the  pump 
by  means  of  the  nand- 
lever  great  pressure 
is  obtained,  and  the 
coal  is  brought  down 
in  lai^  masses. 

Coal-bunk'er. 
{Nautical.)  The 
closed  room  around 
the  boiler  and  en- 
gine-room of  a  steam 
vessel  for  keeping  the 
fuel. 

Coal-car.  A 
freight-car    designed 


especially  for  coal,  having  facilities  for  dumping. 

Coal-^chuta  A  spout  by  which  coal  in  bunkers 
or  elevated  boxes  is  loaded  into  cars  or  carts.  In 
the  illustration  it  is  shown  as  extensible  and  verti- 

Flg.1856. 


CQal-out'ting  Ma-ohine'.  A  machine  for  un- 
der-cutting coal-seams  in  the  mine  or  at  the  bank. 
See  Coal-mining  Machink. 

Coal-dump'mg  Ap'pa-ra'tos.  For  loading 
vessels  from  the  car.  On  top  of  the  rail  a  which 
fonns  part  of  the  ataUkj  the  laden  carriage  descends 


Fig.  1867. 


from  the  higher  level, 
and  when  it  attains 
the  point  a  the  whole 
frame  h  with  the  car-  Coat. Dumping. 

riage  is  lowered  down 

by  the  chain  mssing  over  the  pulley  at  rf,  to  the 
center  of  the  neck  of  the  vessel,  and  the  coals  de- 
posited in  the  hold  at  c. 

Coal-min'ing  Ma-chine'.  One  form  of  the 
coal-cutting  machine  has  an  engine  with  a  recipro- 
cating piston  driving  a  massive  steel  pick,  in  any 
desired  direction,  and  at  a  very  matenal  saving  in 
hewing,  or  kirvinff.  The  motive-power  of  the  en- 
gine is  highly  compressed  air,  condensed  by  the 
steam-engine  at  the  mouth  of  the  pit,  and  this  elas- 
tic air  is  conveyed  by  slender  pipes  down  the  shaft 
and  along  the  mine  to  the  breast  where  the  coal  is 
being  worked.  Tlie  compressed  air  is  pumped  by 
the  steam-engine  into  a  receiver  at  the  pit-head  dur- 
ing its  othei*wise  idle  hours,  or  by  its  surplus  jwwer 
when  dfai^-ing  up  the  coal,  or  pumping  out  the  wa- 
ter from  the  mine,  and  is  condensed  to  a  tension  of 
forty  or  fifty  pounds  to  the  square  inch.  It  is  con- 
ducted in  metallic  pipes,    4}  inches  in   diameter. 

Fig,  1858 


Coal-ChHU. 


cally  adjustable  ;  the  former  by  a  rod  on  rollers,  the 
latter  by  block  and  tackle. 


Ooal'CuUing  Mtuhine. 

down  to  the  bottom  of  the  shaft,  and  thence  in 
pipes  of  a  smaller  diameter  to  the  workings,  tnbe« 
of  1  or  IJ  inch  caliber  bringing  it  to  the  cylinder 
of  the  machine.  This  compresswl  air,  when  set  free 
at  each  alternating  stroke  of  the  piston,  imparts  to 
the  adjacent  portions  of  the  mine  a  pure,  dry,  cool 
atmosphere,  from  a  well-known  law  of  all  air  and 
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gases,  that  when  compressed  they  develo])  heat,  and 
when  expanded  under  a  relaxation  of  pressure,  they 
are  relatively  cool. 

The  machine  is  supported  by  a  cast-metal  frame 
of  great  solidity,  and  is  of  a  size  and  weight  propor- 
tioned to  the  chai*acter  of  the  coal  to  be  cut.  It  is 
constructed  to  give  the  blow  of  the  pick,  either  by 
the  puU  or  push  of  the  piston. 

The  engine  has  an  oscillating  cylinder  which  has 
the  merit  of  combining  compactness  of  shape  with 
but  little  complication  of  working  parts.  The  ma- 
chine re^ts  upon  flanged  wheels  and  is  proj)elled 
either  backward  or  forward  by  a  wheel  and  screw  on 
a  rachet  and  pinion,  attached  to  one  side  of  the  en- 
gine. On  the  opposite  side  is  a  valve-screw  for  reg- 
ulating by  the  hand  the  access  of  air  to  the  engine. 
When  working,  the  man  seated  upon  the  little  stool 
in  the  rear  of  it  moves  the  rachet-screw  connected 
with  the  gearing  of  the  under-carriage,  and  thereby 
propels  the  whole  machine  along  the  little  railway 
or  tram  laid  jwirallel  to  the  front  of  the  coal-seam, 
a  small  distance  equal  to  the  longitudinal  nip  or  bite 
of  the  pick. 

One  machine,  working  90  blows  of  the  pick  per 
minute,  discharges,  of  condensed  air,  about  100 
cubic  feet  per  minute,  which  immediately  becomes 
300  cubic  feet  of  cold  air  at  the  normal  density,  and 
each  machine  is  competent  to  .supply  from  12  to  15 
|)er  cent  of  the  ventilation  required  at  the  heading ; 
the  air  being  perfectly  fresh,  pure,  and  cool,  and 
afforded  precisely  at  the  localities  where  the  work- 
men are  most  in  need  of  such  an  atmosphere.  When 
working  at  120  picks  per  minute,  the  machine  cuts 
an  inch  at  each  stroke,  20  inches  deep,  2^  inches 
wide  ;  a  second  traveree  deepens  it  to  30  inches,  and 
a  third  to  36  inches. 
Coal-oil  Stove.    One  specifically  adapted  to 

cook  or  heat  by 
Fig.  1859-  means  of  coal-oil 

lamps.  In  the 
illusti-ation,  the 
burner  is  annular, 
and  has  a  circle 
of  wicks,  the 
amount  of  oil 
being  regulated 
by  a  screw -valve 
J.  The  parts  of 
the  stove  are  a 
hot-plate  for  cook- 
ing vessels,  and  a 
chamber  above 
which  may  have 
an  oven  or  a 
clothe-s-boiler. 

Coal-sack.  A 

rough  and  strong 

bag,  of  hemp   or 

jute,       generally 

tarred,  and  used 

for    conveying 

coals. 

With   the   United  States  porUible  or  inouiitain 

forge  there  is  furnished  a  leatheni  coal-sack.     It  is 

14  inches  in  diameter  by  18  inches  in  bight,  and 

of  cvlindrical  shape. 

Ooal-BC]:eeii.  A  siftet  for  coal.  At  the  mines 
it  is  a  very  large  cylinder  with  an  inclined  axis  and 
poitions  of  varying  meshes,  so  as  to  sort  the  broken 
coal  into  sizes. 

Co€d-BCUt'tle.  A  box  or  hod  for  holding  coals 
for  present  use. 

Ccal-stove.  A  stove  for  heating  or  cooking, 
adapted  for  the  consumption  of  stone  coal,  as  dis- 
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tinguished  from  charcoal  l?te- 1360. 

or  wood.  The  heating- 
stove  is  of  many  varieties, 
as  the  magazine,  see  Fig. 
1360;  the  cooking-stove; 
fireplace  JiMUer,  etc.  See 
list  under  Stoves  and 
Heating  Appliances. 

Coal-tongB.  A  pair 
of  tongs  for  grasping  coal 
in  lumps.     Fire-longs. 

Coal-i^aBh'er.  A  ma- 
chine in  which  coal  which 
has  been  broken  and  as- 
sorted is  finally  washed 
to  deprive  it  of  the  dust 
and  dirt  adheiiug.     S^je 

COAL-BUEAKER. 

In  some  operations  it  is 
worth  while  to  sort,  clean, 
and  use  certain  portions 
of  the  fuel  which  have 
passed  through  the  fur- 
nace. In  Fig.  1361,  the 
coal,  ashe^  and  cinders  Coal-Stove. 

are  ground,  washed,  and 

elevated  into  a  drum,  where  the  material  is  assorted 
by  fineness  and  passed  to  the  shaking -machine,  where 
the  qualities  are  sepamted  according  to  gravity. 

Coam'ingB.    {Shipbuilding.)    The  raised  border 

Fig.  1861. 


Coal- Washer. 

or  frame  of  a  hatchway,  to  pre-vent  the  water  on  the 
deck  from  flowing  below.     Combings. 

The  fore  and  aft  pieces  of  a  hatchway  frame  are 
coamingsy  those  athwart  ship  are  head-ledges.  The 
former  rest  on  curlings,  which  extend  from  beam  to 
beam,  and  the  latter  rest  on  the  deck  *beams. 

Co-ap'ta-tor.  •  {Surgery.)  An  apparatus  for 
fitting  together  the  ends  of  a  fractured  bone  and 
holding  them  in  position  while  the  bony  junction  is 
proceeding. 

Coarse-stuff.  (Plaskring.)  The  first  coat  of 
inside  plaster-work.  It.  is  composed  of  common 
lime  nioi-tar,  as  made  for  brick  masonry,  with  a  small 
quantity  of  hair  ;  or  by  volumes,  lime  paste,  1  part ; 
sand,  2  to  2^  parts  ;  hair,  ^  part. 

Coast'er.  A  vessel  employed  in  trading  voyages 
from  port  to  port,  along  a  given  coast. 

Coat.  L  {A'aulical.)  A  piece  of  tarred  canvas, 
put  about  the  masts  at  the  partners,  the  rudder-cas- 
lug,  and  also  around   the  pumps,  where  they  go 
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through  the  upper  deck,  in  order  to  prevent  water 
passing  down. 

2.  A  layer  of  plaster  or  paint. 

Of  plastering :  — 

A  scratch-coat  is  the  first  of  three  coats  ;  when  laid 
upon  laths  it  is  from  4  to  |  of  an  inch  in  thickness. 

One-coat  wo7'k'ia  plastering  in  one  coat  without 
finish,  either  on  masonry  or  laths  —  that  is,  retidered 
or  laid, 

'  Two-coat  work  is  plastering  in  two  coats,  done 
either  in  a  laying-co^  and  sety  or  in  a  screed-coat  and 
set. 

Screed-coat;  a  coat  laid  even  with  the  edges  of 
the  screeds. 

Floated  coat ;  a  first  coat,  laid  on  with  a  float. 

Slipped-coai  is  the  smoothing  off  of  a  brown  coat 
with  a  small  quantity  of  lime  putty,  mixed  with  3 
per  cent  of  white  sand,  so  as  to  make  a  comparatively 
even  surface. 

Coat'ing  Met'als  with  Met'als.  See  Gild- 
INO ;  Plating;  Electro-plating;  Silvering; 
Galvanizing  ;  Platinizing  ;  etc.  For  list  see 
Metallurgy  ;  Metal-working. 

Coat-link.  A  pair  of  buttons  joined  by  a  link, 
for  holding  together  the  lappels  of  a  double-breasted 
coat. 

Col^alt.  Equivalent,  29.5  ;  symbol,  Co.  ;  spe- 
cific gravity,  8.92.  A  reddish -gray  metal.  Fusing- 
point  about  2800'  F, 

Oxide  of  cobalt  gives  the  blue  color  to  glass. 
This  glass  broken  into  fragments  forms  smalt. 

Cob.  1.  (Mining.)  To  break  ore  with  a  ham- 
mer to  reduce  its  size,  to  enable  its  sepam.tion  from 
portions  of  the  gangue,  and  its  assortment  into 
grades  of  quality. 

2.  An  unburned  brick. 

Coble.  (Nautical.)  A  small  fishing-boat,  of 
great  antiquity  in  the  British  Islands.     Ooggle. 

Cobler.  A  bent  rasp  for  straightening  the  shaft 
of  a  ramrod. 

Co'bourg-oloth.  [Fabric.)  A  lady's  dress 
goods,  cotton-chain,  woolen-filling,  twilled  on  one 
side.     It  may  be  considered  an  imitation  of  merino. 

Cob-walL  A  wall  built  up  solid  of  a  compost 
of  puddled  clay  and  straw,  or  of  straw,  lime,  and 
earth. 

Cob'i^eb-mi-crom'e-ter.  Invented  by  Rams- 
den  (1735  - 1800)..  A  micrometer  in  which  cobwebs 
are  substituted  for  wires.  By  turning  the  screw 
which  approximates  or  separates  the  frames  across 
which  the  cobweb-threads  are  stretched,  the  slight- 
est alterations  of  the  lines  can  be  estimated,  and  a 
difference,  even  of  totjWtt  of  ^^  i"^h  be  rendered 
appreciable. 

Coohle-IL  1.  An  ancient  term  for  an  engine  of 
spiral  fonn.  The  screw  whereby  Archimedes  launched 
the  great  galley  of  Hiero  is  also  calle<l  cochlea  by 
Athenaius.     A  screw-jack. 

2.  A  s[)iral  ^ump  for  raising  water,  as  inti-oduced 
by  Archimedes  into  Egypt.  The  Archimedean 
screw. 

Cock.  1.  {Horology.)  A  bridge-piece  fastened 
at  one  end  to  a  watch -plate  or  block,  and  at  the 
other  end  forming  a  bearing  for  a  pivot  ;  of  the 
balance,  for  instance. 

When  the  piece  is  supported  at  both  ends,  it  is  a 
bridge. 

In  Lepine  watches,  the  wheels  are  pivoted  in 
bridges  instead  of  full  plates. 

2.  The  hammer  of  a  gun-lock. 

3.  The  gnomon  or  style  of  a  dial.  It  re])resents 
the  axis  of  the  earth.  It  stands  in  the  plane  of  the 
meridian,  and  its  angle  with  the  horizon  is  the  lati- 
tude of  the  place.     Mercutio  may  have  referred  to 


this  when  he  made  that  very  exceptionable  remark 
to  the  nurse. 

4.  A  faucet  or  rotary  valve,  usually'  taking  its 
name  from  its  peculiar  use  or  construction,  as :  — 

Blow-off  cock.  Self-closing  cock. 

Cylinder-cock.  Steam -cock. 

Feed-cock.  Stop-cock. 

Four-way  cock.  Three-way  cock. 

Gage-cock.  Try-cock. 

Oil-cock.  Water-cock,  etc.,  etc. 

6.  A  vane. 

6.  A  small  boat. 

7.  A  pile  of  hay.  A  cocking-machine  gathers 
hay  from  the  swath  or  windrow  and  puta  it  in  cock. 

8.  The  pointer  of  a  balance. 

Cock-bilL  (Nautical.)  An  anchor  is  a  <^k- 
bill  when  it  is  suspended  vertically  from  the  cat- 
head.    See  Anchor,  page  96. 

Cook'et-oen'ter-ing.  One  in  which  head-room 
is  left  beneath  the  arch  above  the  springing-linf. 
Where  passage  beneath  the  arch  is  not  require*! 
during  tne  execution  of  the  work,  a  cockel-centerin^ 
is  not  needed,  but  the  centering  is  constructed  on  a 
level  tie-beam  resting  on  the  imposts. 

Co6k.-eye.  1.  {Af tiling.)  A  cavity  on  the  un- 
der-side of  the  balance-rynd  to  receive  the  point  of 
the  spindle. 

2.  (Saddlery.)  An  iron  loop  on  the  end  of  a 
trace,  adapted  to  catch  over  the  pin  on  the  end  of  a 
single-tree. 

Originally  tooodcock  eye,  from  the  fancied  resem- 
blance of  the  thing  to  the  head  of  the  woodcock, 
the  loop  answering  to  the  eye  of  the  bird. 

Cock-head.  The  upper  point  of  a  mill-stone 
spindle. 

Cockling.    (Carpentry.)    a.   A  mode  of-  fixing 

Fig.  1962. 


Cocking. 

the  end  of  a  tie-beam  or  floor-joist  to  a  beam,  girder, 
or  wall-plate.     Cogging. 

h.  Mortising. 

Cockle.  1.  The  hemispherical  dome  on  the 
crown  of  a  heating-furnace.     See  Heatino-stove. 

2.  A  hop-drying  kiln.     An  oaM. 

3.  To  buckle,  or  contract  into  wrinkles. 

4.  (Porcelain.)  A  lai^  drying-stove  used  in  a 
house  where  biscuit-ware  dipped  in  glaze  is  dried 
preparatory  to  firing. 

Cockle  and  Qar'lic  ^p^a-ra'tor.  A  machine 
for  separating  from  wheat  or  other  grain  the  seeds 
of  cockle  and  the  corms  of  the  wild  garlic,  which  is 
such  a  nuisance  in  .some  portions  of  the  Atlantic 
slope. 

in  the  example,  the  hopper  has  a  small  a4justable 
outlet  through  which  the  grain  falls  on  to  the  per- 
forated cylinder  and  is  carried  round  and  swept  on 
the  boai-d  by  the  revolving  brush.     The  cockle  drops 
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Fig.  1888.  through  the  ^^er- 

forations  into  the 
cylinder,  and  is 
canied  round  till 
it  is  discharged 
at  the  end  into  a 
drawer.  Another 
mode  of  separat- 
ing cockle  and 
garlic  is  to  give 
the  roller  a 
slightly  adhesive 
suiface,  so  that 
the  rough-skinned 
cockle  or  the  soft- 
CoekUand  Garlic  Separator.  skinned  garlic 

may  adhere  there- 
to, and  be  carried  off  by  the  roller  to  be  swept 
away,  while  the  hard  and  bright-skinned  grain  i-e- 
fuses  to  adhere,  and  passes  to  a  different  recep- 
tacle. 

Cookle-BtaixB.    {Carpentry.)     Winding  stairs. 
*  Cook-met'aL    An  inferior  alloy  of  copper  and 
lead  for  making  faucets.     See  Alloy. 

Cook-pit  (Nautical,)  The  after-part  of  the 
orlop  deck.  It  is  below  the  water-line  and  ordi- 
narily fonns  quarters  for  junior  officers,  and  in  action 
is  devoted  to  the  surgeon  and  his  patients. 

Cook-«ptir.  {Pottery.)  A  small  piece  of  pot- 
tery used  to  place  between  two  pieces  of  glazed- ware 
in  the  saggar,  to  prevent  their  adherence  during  the 
process  of  baking.     Stilts ;  triangles. 

Cook-up  Let'ter.  {Printing.)  A  large  letter 
standing  above  its  fellows  in  the  line,  and  formerly 
used  for  the  initial, letter  of  a  book  or  chapter. 

Co'coa.  A  palm  {Cocos  micifera)  from  which 
the  nut  is  derived.  It  also  affords  coir,  from  which 
ropes  are  made. 

The  name  of  the  kernel  from  which  the  beverages 
cacao,  broma,  and  chocolate  are  prepared,  is  some- 
times corruptly  spelt  cocoa.     See  Cacao. 

Cod'dlng-ton  Lens.  A  lens  of  spherical  foi*m 
haWng  a  deep  equatorial  groove  around  it  in  the 
plane  of  n  great  circle  perpendicular  as  to  the  axis  of 
vision.     The  groove  is  of  such  a  depth  that  the  stem 


Fig.  1864. 


Coeliom.  {Ordnance.)  A  small  mortlLr  made 
light  enough  to  be  can-ied  by  hand,  and  adapted  to 
throw  a  shell  to  a  small  distance.  Used  in  fortitica- 
tions  and  for  signaling.  The  name  is  derived  from 
its  inventor,  the  Dutch  Engineer  officer,  Coehom, 
who  was  Director  General  of  the  fortifications  of  the 
United  Provinces  of  Holland. 

The  regulation  Coehorn  mortar  in  the  United 
States  Service,  is  of  brass,  weighs  160  ]X)unds,  24- 
pdr.  caliber.  It  is  mounted  on  a  wooden  bed  having 
four  handles  by  which  it  is  canied  by  as  many  men. 

Fig.  1365. 


Coddington  Lens. 

connecting  the  hemispheres  has  a  diameter  equal  to 
\  of  the  focal  length  of  the  lens.  This  lens  was 
invented  by  Dr.  Wolla.ston,  and  called  by  him  the 
periscopic  lens  ;  he  made  it  by  cementing  together 
by  their  plane  faces  two  hemispherical  lenses  with 
an  annular,  opaque  diaphragm  oetween  them.  Sir 
David  Brewster  improved  it  by  cutting  a  groove 
in  a  whole  sphere  and  filling  the  groove  with  opaque 
matter  in  order  to  diminish  the  quantity  of  light 
and  prevent  the  confusion  arising  from  the  lateral 
rays. 

Cod-line.    An  18-thread  deep-sea  fishing-line. 

Cod'Ung.  A  balk  sawed  into  lengths  for  stave.s. 
It  is  clet^  or  rived  into  staves  by  means  of  afrow  and 
mallet. 


Coehoms. 

The  English  coehom  has  a  bore  of  4^  inches,  a 
length  of  12  inches,  and  weighs, .with  bed,  about 
340  pounds. 

Goodwin's  coehom  is  fixed  on  a  stake  and  fired  by 
a  trigger  and  lanyard.  It  is  a  surprisingly  effective 
little  piece,  throwing  a  three-inch  shell  to  a  great 
distance,  and  may  be  earned,  one  under  each  arm. 

Coffee-big'^.  A  coffee-|iot  with  a  bag  to 
contain     the 

ground     coffee  Yig,  1886. 

'  through  which 
I  the  boiling 
water  is  poured. 
Thewirestrain- 
er  is  a  substi- 
tute for  the 
flannel  basf.         1 

Coffee-  \ 
olean'ing 
Ma-chine'.  A 
machine  re- 
sembling a 
bran-dnster  or 
smnt  machine, 

in    which    the  Cbfee-Biffgin. 

coffee       grains  ' 

are  beaten^  rubbed,  brushed,  and  winnmocd  to  remove 
the  "pan-hment,"  or  thin  adhering  envelope  of  the 
grain,  and  also  jmrge  it  of  dust  and  foreign  matter. 
The  devices  are  numerous,  but  generally  consist  of 
rotating  beatera,  i-ubbing  surfaces,  fans,  etc. 
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Newell's  patents,  1857  and  1869,  may  be  taken 
as  a  type.  A  steam-heated  cylinder,  wire-gatize 
cylindrical  envelope,  rotating  beaters. 

Following  these  are  alx^ut  sixteen  patents. 

The  object  of  some  is  to  clean  the  grain  ;  of 
others  to  **  produce  a  yellow,  brown,  or  golden  color, 
to  increase  the  fcommercial  value." 

Sand  and  talc-dust  are  used  by  some  to  rasp  the 
grain. 

Cof  fee-huU'er.  A  machine  to  remove  the  husk 
or  sac  which  covers  the  coifee-grains.  It  consists  of 
an  arrangement  of  serrated  surfaces  on  a  belt,  or  re- 
cijirocated  jmst  other  serrated  surfaces,  between 
wnich  the  envelope  is  torn  and  loosened  from  the 
grain.  Subsequent  rubbing,  brashing,  dusting,  and 
winnowing  complete  the  process  of  hulling. 

The  coffee  cUaner  and  polisher  ojierates  upon  the 
grain  subsequently. 

•The  machine  is  similar  to  a  rice-huller.  Ditson's 
patent,  1835,  has  abrading  surfaces  made  by  per- 
forating .sheet-iron.     See  also  Adams's  patent,  1836. 


Coffee- HuUer. 

Subsequent  to  these  are  about  ten  others,  which 
have  certain  peculiarities  of  construction.  In  the 
example,  the  husk  is  removed  from  the  coffee  while 
passing  between  the  serrated  blocks  of  the  endless 
oelt,  and  the  serrated  lower  surface  of  the  yielding 
plate. 

Cof  fee-ma-chin'et-y.  Coffee,  as  picked  from 
the  tree,  looks  like  cherries,  and  is  ti-eated  in  Ceylon 
in  the  following  manner  :  — 

The  berries  are  laid  in  heaps  on  the  floor,  whence 
they  pass  to  the  pulpers.  These  remove  the  flesh  and 
skin,  sarcoearp  and  epicarp,  leaving  two  beans  in  a 
sac.  The  jndpcr  is  a  stout  frame  supporting  a 
fly-wheel,  sliaft,  and  barrel.  The  latter  is  of  sheet- 
copper,  punched  from  the  inside  so  as  to  expose  a 
grating  surface  to  the  fruit,  which  is  fed  on  to  it  from 
a  hopper  and  passes  between  the  barrel  and  a  chock, 
which  foi-ms  a  thix)at.  The  pulp  passes  ofl',  while 
the  beans  in  their  envelope  fall  into  a  box  beneath 
and  are  placed  in  cistenis  where  they  are  covereti 
with  water  for  twelve  hours  or  so,  in  order  to  slight- 
ly ferment  the  mucilage  which  covers  the  membrane 
and  prevent  its  hardening  UDon  the  skin. 

After  washing,  it  is  placeuon  the  harhecues,  which 
are  circular  stone  structures  with  polished  plaster 
suifaces  on  which  the  beans  are  sunned  for  four 


days,  while  yet  remaining  in  their  envelope.  It  is 
thus  dried  'sufficiently  to  be  sent  to  Kandy,  ^d 
thence  to  Columbo,  where  it  undergoes  a  final  treat- 
ment, consisting  of  curing,  removing  the  covering, 
and  picking  out  faulty  berries. 

In  some  establishments  the  beans  are  cured  by  a 
blast  of  warm  dry  air  introduced  into  a  chamber 
beneath  the  berries. 

Coffee-mill.  A  small  hand-mill  in  which 
roasted  coffee-berries  afe  ground  by  passing  between 
the  serrated  surfaces  of  opposed  steel  disks  or  rollers, 
or  roller  and  concave,  as  tne  case  may  be. 

Coffee  is  the  beny  of  the  Coffea  Arabica^  a  shrub 
of  the  order  rvMaceatf  and  it«  fruit  resembles  the 
cherry.  Bruce  says  that  it  is  native  in  Abyssinia. 
The  use  of  the  infusion  as  a  lieverage  cannot  be 
traced  back  very  far.  it  was  carried  by  Selim  from 
Egypt  to  Constantinople,  but  does  not  appear  to 
have  lieen  publicly  sold  till  1554.  Its  use  was  for- 
bidden by  the  mufti,  but  again  permitted  by  an 
edict  of  Solyman  the  Great.  The  Venetians  brought 
it  from  the  Levant  in  1615,  and  in  1645  it  was  in- 
tro<luced  into  Marseilles. 

Coffee  was  introduced  into  England  by  Daniel 
Edwards,  a  Turkey  merchant,  in  1657.     The  first 
cottee-house  in  England  was  in  St.  Michael's  Alley, 
Comhill,  London  ;  opened  by  Pasqua,  a  Greek  ser- 
vant of  Mr.  Edwards^     It  was  then  sold  at  from 
four  to  five  guineas  a  pound.     Coffee-trees  were  im- 
ported from  Mocha  by  the  Dutch  about  1700,  and 
thence  earned  to  Surinam.     In  1714  a  coffee-plant 
was  presented  by  the  magistrates  of  Amsterdam  to 
Louis  XIV.,  and  placed  in  the  grounds  at  Marly. 
The  progeny  of  this  plant  were  carried  to  Cayenne 
and  Martini(iue.     In  two  centuries  its  use  spread 
all  over  the  civilized  world. 

The  coffee-tree  does  not  thrive  where  the  temper- 
ature ever  sinks  below  65"  F.  It  grows  to  the  hight 
of  12  or  15  feet,  has  a  leaf  like  the  laurel,  but  not 
so  thick.  The  l)lossoms  are  white,  like  the  jessa- 
^  mine,  and  issue  from  the  axillse  of  the  leaf-stalks. 
When  they  fade  they  are  succeeded  by  the  berry, 
which,  as  said  before,  resembles  a  cherry,  is  red 
when  ripe,  and  has  a  yellowish,  glutinous  pulp, 

i  en  closing  a  sac  containing  two  seeds. 
Coffee-porish-er.    A  machine  for  removing 
traces  of  mudew  and  stain  from  coffee  as  imported, 
or  the  effects  of  damp  or  heating  in  store.     In  the 
exanijde,  the  coffee 

is  dischai^ed  from  Fig.  1868. 

the  hopper  upon 
the  rim  of  a  cyl- 
inder, covered  with 
elastic  material, 
and  carried  be- 
tween the  crushing 
plate  or  rubber 
and  knobbed  belt. 
The  crushing  plate 
is  hinged  and  held 
in  position  by  an 
elastic  belt,  th(^ 
end  of  which  is 
secured  to  an  ad- 
justable stretcher. 
Coffee-pot  A 
vessel  in  which 
the  infusion  of  cof- 
fee is  made.  Of  the  various  kinds  may  be  cited  :  — 
1.  The  percolator,  in  which  the  infusion  passes 
from  the  in  fusion -vessel  through  a  strainer  into  a 
reservoir.  This  is  effected  by  simple  filtration,  by 
pressure  of  steam,  or  by  producing  a  partial  vacuum. 
The  percolator  was  invented  by  Count  Romford. 


Coffee- PUitker. 
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The  ground  coffee  is  pressed  between  perforated  dia- 
phragms, so  as  by  compactness  to  prevent  the  water 
from  filtering  through  too 
Pig.  1860.  quickly. 

2.  Coffee-pots      ha,yiDg 
arrangements  for  condens- 
ing   the    steam    and    the 
essential  oil,  —  which  con- 
stitutes the  aroma  of  the 
coffte,  —  and       returning 
them  to  the  infusion.     An 
early  arrangement  of  this 
kind  is  the  Bencini  patent, 
September  27,  1838.     See 
also  Martell's  patent,  1825 ; 
Rowland,     1844 ;      Waite 
and  Sener,  "Old  Domin- 
ion,"  1856.     These    have 
Rum/ortVs  Percolator.       lids  or  upfier  chambers  to 
condense  the  steam. 
3.  C'Offee-pots  of  peculiar  construction,  as  :  — 
Hotte,  1870  ;  a  furnace  inside  the  coffee-pot. 
Manning,  1869 ;  an  earthenwaru'liuing  to  a  metal- 
lic pot. 

Gibson,  1871 ;  a  flat  brea.st  to  prevent  lateral  tilt- 
ing when  the  pot  is  tipped  forward. 

Suspended  on  journals  over  a  lamp  and  tipped  on 
its  bearings. 
A  strainer  suspended  from  the  spout. 
Hot-water  jacket. 
Iron  heater  in  reservoir  ;  the  urn. 
Divided  chambers  for  tea  and  coffee,  or  coffee  and 
water. 

A  piston  to  compress  the  ground  and  expel  the 
infusion. 

A  piston  to  eject  water  in  desired  quantities  from 
the  water  i*eservoir  into  the  infusion. 

Various  an*angements  of  coffee-pots,  of  lamp- 
heated  pots,  and  urns,  may  be  seen  in  Webster  and 
Parkes's  "Encyclopedia  of  Domestic  Economy," 
Ix)ndon,  1852,  pp.  711-716. 


Cqffee-Eoasters^ 


Coffee- Roaster. 


Coffee-pnlp'er.  A  machine  for  treating  the 
coffee  fruit  by  removing  the  pulp  and  the  envelope 
of  the  seeds.    See  Coffee-machinery. 

Cof  fee-roaat'er.  Two  objects  are  attempted  to 
be  secured  in  coffee- roasters  :  to  keep  the  Denies 
moving  and  prevent  their  burning,  and  to  keep  the 
aroma  confined  as  much  as  possible.  The  aroma 
depends  upon  the  essential  oil  in  the  berry,  and  the 
empyreumatic  flavor  is  developed  by  heat ;  or  the 
oil  IS  developed  in  the  berry  m  the  process  of  de- 
composition. 

The  coffee-roaster  is  generally  of  a  cylindrical  or 
prismatic  foim,  and  is  rotated  on  a  horizontal  axis 
by  means  of  a  crank.  .  In  Fig.  1370,  a,  the  base-plate 
is  made  to  fit  into  the  hole  in  a  stove-top  made  by 
removing  a  pair  of  stove-lids  and  the  center-plate 
between  them,  a  protecting  sheet  beneath  prevent- 
ing the  direct  action  of  the  fire  upon  the  cylinder 
which  rotates  in  journals  above.  The  axial  stud  at 
each  end  is  eccentric,  those  on  the  respective  ends 
being  on  alternate  sides  of  the  center,  so  as  to  give 
a  tumbling  motion  to  the  coffee,  which  is  thus 
shaken  from  end  to  end  of  the  cylinder  as  well  as 
from  side  to  side.  ^^  -jg^  j 

A  glass  pane  or 
slip  allows  the 
state  of  the  pro- 
cess to  be  ob- 
served. The 
chamber  is  a 
polygonal  prism, 
the  plates  form- 
ing the  sides 
being  more  ef- 
fective in  tum- 
bling the  berries 
than  are  the  smooth  surfaces  of  a  cylinder. 

b  (Fig.  1370)  has  a  spherical  chamber  which  oc- 
cupies a  stove-hole,  and  is  revolved  by  the  crank- 
handle  while  held  in  place  by  the  other  handle. 

c  is  a  cylinder  mounted  in  a  plate  with  legs. 

Law's  coffee-roaster  (English)  is  a  hollow  sphere 
having  a  compound  motion,  revolving  continuously 
in-  a  horizontal  plane  and  intermittmgly  in  a  ver- 
tical plane.     Ure,  I.  466. 

Fig.  1371  has  two  cylinders  A  B  with  wire-gauze 
diaphragms  E  E  hinged  together  and  held  clos^  by 
their  handles.  The  coffee  is  contained  between  the 
foraminous  diaphragms.  The  roaster  is  reversible, 
and  sits  upon  the  stove-top  Over  a  pot-hole. 

Coffer.  1.  {Architecture.)  A  sunk  panel  in  a 
soffit  or  ceiling,  deeply  recessed  by  one  or  more 
separate  faces,  having  the  appearance  of  inverted 
steps,  and  enriched  with  moldings  in  the  several 
internal  angles,  and  with  roses  in  the  center. 

2.  (Fort^calimi.)  A  hollow  work  across  a  dry 
moat  to  aid  in  repulsing  a  storming  party  by  en- 
filade fire. 

3.  {ffydratilic  Engineering.)  .A  canal-lock  cham- 
ber. 

4.  A  large  wooden  vessel  with  movable  ends  to 
receive  a  barge  or  other  vessel.     A  floating  dock. 

5.  A  cdsket  for  jewels. 

6.  A  store-chest  for  muniments. 

Coffer-dam.  {Hydraulic  Engineering.)  A  wa- 
ter-tight enclosure  formed  by  piles  driven  into  the 
bottom  of  a  river  and  packed  by  clay,  planks,  or 
other  stop-gap.  It  Is  used  as  a  dam  while  laying 
bare  the  bottom  of  the  river,  in  order  to  establish 
a  foundation  for  a  pier,  abutment,  or  quay. 

Peronnet's  coffer-dams  at  the  bridges  of  Mantes 
and  Neuilly  were  made  of  two  rows  of  piles,  which 
were  iron-shod,  and  driven  with  a  monkey  weighing 
1,000  pounds.     The  mud  was  removed  from  the  in- 
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COFFER-DAM. 


Peronnet^s  Coffer-Dam. 

tervening  snace  by  means  of  dred^ing-machines  and 
the  space  filled  with  clay,  rammed  dowu.     The  wa- 


Flg.  1373. 


-i::^^ 


Coffer- Dam 

ter  from  the  interior  of  the  dam  was  then  pumped 
out. 

In  shallow  water  and  in  situations  but  little  ex- 
posed, a  single  row  of  piles  sometimes  suffices,  the 


outside  beingprotected 
with  clay  ana  an  arti- 
ficial bank  a,  Fig.  1373. 
A  sectional  view  6, 
Fig.  187^,  will  give  a 
clear  idea  of  the  double 
wall  of  piles,  between 
which  tne  puddle  is 
rammed  to  form  a  wa- 

t  ter-tight  filling. 

Instead  of  forming  a 

^  double  wall  of  piles  in 
this  manner,  it  has  been 
suggested  to  dredge  out 
the  mud  enclos^  by 
the  outer  wall  of  cir- 
cumvallation,  then  fill 
to  a  certain  hight  with 
bUon.  Upon  this  as  a 
basis,  an  inner  circle 
of  shorter  piles  is 
driven,  and  tne  space 
between  the  walls  pud- 
dled. The  interior  en- 
closure is  then  pumpeil 
out. 
The  pier  coffer-dam  of  London  Bridge  (Fig.  1375) 
is  described  at  length  in  Cresy.     It  is  elliptical  in 


fonn,  and  a  portion  of  it  is  shown  in  plan  in  the  fig- 
ure.    It  was  composed  of  piles  not  less  than  12|^ 


ng.  1876. 


Coffer-Dam  of  London  Bridge. 
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inches  squaiv,  driven  in  rows  and  braced  by  timbers 
and  tie-bolts.  The  outer  row  and  sheet  walings  and 
the  spaces  lietween  rows  were  phigged  with  clay,  the 
joints  calked  and  covered  with  pitch.     The  piles 


were  straightened,  planed  on  the  edg&s,  and  shod. 

lilt  bv 
engaged  in  improving  the  navigation  of  the  Missis- 


A  coffer-dam  built  bv  the  government  engineers 


sippi  River  over  the  rapids  of  Rock  Island  is  four 
thousand  six  hundred  feet,  or  seven  eighths  of  a 
mile  long.  It  iiins  parallel  with  the  shore,  is  from 
eight  to  fourteen  feet  wide,  and  near  one  million 
feet  of  luml)er  were  used  in  its  constniction. 

Cof'fer-ing.  {Mining.)  Securing  a  shaft  from 
leaking  by  ramming  in  clay.     See  Caisson  ;  Curb. 

Corfer-Twrork.  {Masonry.)  Rubble-work  faced 
with  stone.     See  Masonry. 

Coffin.  1.  {Mining.)  a.  A  mode  of  working, 
open  to  grass,  in  which  the  bed  of  ore  is  uncovered 
by  casting  up  the  ore  and  attle  by  stall-boards,  from 
one  to  another,  to  the  surface. 

b.  An  old  exjMJsed  working. 

2.  {Printing.)  The  wooden  frame  inclosing  the 
imposing-stone. 

3.  A  receptacle  to  hold  a  corpse.     A  burial-case. 
Joseph  was  put  in  a  coflSn  in  Egypt  (Gen.  I.  26), 

about  1650  b.  o.  This  is  the  only  mention  of  a  cof- 
fin in  the  Bible ;  that  mode  of  burial  was  never  com- 
mon among  the  Israelites,  but  Joseph's  body  was 
embalmed  and  coffined,  according  to  the  custom  of 
his  adopted  country,  and  was  taken  out  of  Egypt  by 
his  countrvmen  when  they  left  for  Canaan,  1491  B.  c. 
The  comns  of  ancient  Egypt  were  frequently 
stained  to  represent  rare  and  foreign  woods.     The 


sycamore  was  the  principal  wood  uAed,  and  it  was 
handsomely  painteu,  inlaid,  and  carved,  according  to 
their  peculiar  ideas  and  taste. 

It  must  be  admitted  that  E^'pt  has  the  palm  of 
priority  and  skiH  in  the  subject  of  coffins.  They 
had  a  good  reason  for  exercising  so  much  care,  as 
they  believed  that  in  due  time  the  spirit  would  re- 
turn to  the  body,  and  they  desired  to  keep  it  in  the 
best  order  possible.  "We  have  no  room  to  go  into 
the  subject  of  embalming,  but  may  say,  that  the 
brain  and  viscera  were  withdrawn,  the  former  at  the 
nostinls,  and  the  latter  at  incisions  made  by  flint 
knives  in  the  side  of  the  abdomen.  The  cavities 
were  then  stuffed  and  the  body  bandaged,  resinous 
and  aromatic  substances  being  employed  to  arrest 
decay.  A  box  received  the  body  and  its  wrajpping, 
and  the  lid  was  tightly  clased.  The  style  of  orna- 
mentation can  be  oest  gathered  by  inspection  of  the 
mummies,  or  some  of  the  beautiful  volumes  written  by 
men  who  have  made  the  subject  a  study.  The  work 
of  the  French  professors,  **  Description  de  I'Effvpte," 
made  under  the  auspices  of  Napoleon,  and  Wilkin- 
son's work  on  the  manners  and  customs  of  the  an- 
cient Egyptians,  will  afford  the  best  infoiTnation 
extant,  in  book  form. 

The  embalming  process  of  the  most  expensive  kind 
cost  about  a  talent  of  silver,  over  $1,000  of  our 
money.  The  processes  were  graded  in  price  accord- 
ing to  the  ability  of  the  survivors,  the  pecuniosity 
of  the  estate,  or  the  ante-mortem  directions  of  the 
defunct. 

The  illustration  annexed  is  from  a  Theban  tomb, 
exhibiting  the  trade  of  a  coifin-niaker.     The  men 


Fig.  1976. 


Coffin-Makers  ( Thebes). 


arc  engaged  upon  the  mummies,  which  are  shown  in 
two  stages  of  completion.  Some  are  applying  the 
bandages,  one  is  using  the  drill  for  some  purpose  in 
this  connection,  others  are  painting  and  polishing 
the  case. 

The  coffins  of  the  Ethiopians,  exhibited  to  the 
emissaries  of  Cambyses,  are  thus  described  in  Herod- 
otus :  —  "  They  place  the  body  in  a  crystal  block 
which  has  been  hollowed  out  to  receive  it,  crystal 
being  dug  up  in  great  abundance  in  their  countiTt 
and  of  a  kind  very  easy  to  work.  You  may  see  the 
corpse  through  the  block  in  which  it  lies,  and  it 
neither  gives  out  any  unpleasant  odor,  nor  is  it  in 
any  respect  unseemly  ;  yet  there  is  no  part  which  is 
not  as  plainly  visible  as  if  the  body  was  bare." 

Book  III.,  chapter  24,  he  speaks  of  the  body  be- 
ing dried,  and  jminted  in  imitation  of  health  before 
inhumation  ;  and  of  a  corpse  being  treated  as  one  of 
the  family  for  a  year  after  death,  meals  and  atten- 
tions being  scrupulously  offered  thereto. 

The  sul^tancc  described  as  having  been  hollowed 
out  for  the  reception  of  the  mummy  may  have  been 
glass,  which  was  known  in  Egypt  previous  to  this 
period,  or  it  may  have  been  the  lapis  specularis,  or 
one  form  of  gypsum. 

A  sareophagus  of  alabaster  was  (in  1845)  in  the 
museum  of  the  late  Sir  John  Soane,  Lincoln's-Inn 


Fields,  London.  This,  which  is  very  elaborately 
carved  and  decorated,  was  discovered  by  Belzoni,  in 
Upper  Egypt. 

It  is  the  subject  of  the  poem  commencing,  — 

*'  Thou  alabuter  relic !  vhlch  I  hold , 
Sly  hand  upon  thy  sculptured  margin  throwix." 

Coffins  of  l)aked  clay  are  found  amid  the  ruins  of 
the  ancient  cities  of  Mesopotamia.     They  are  oc- 

Fig.  1877. 


Partkian  Coffin. 

casionallv  of   wood.     A    common   form   of  burial 
among  the  Hainite  Chaldeans  was  to  lay  the  body 


Digitized  by 


Google 


COFFIN-GAGE. 


588 


COG-WHEEL. 


<lome 


on  a  brick  platfonn  and  then  cover  it  with  a 
of  pottery,  like  a  modem  dish-cover. 

Cotfiiis  from  Warka,  of  green  glazed  pottery  and 
shaped  like  a  slipper-bath  (see  Fie.  1377),  belonged 
proliably  to  the  Chaldeans  of  the  Parthian  age. 

One  sai'cophagus  of  a  Scythian  king  entombed  at 
Kertch  was  found  to  be  of  yew  wood,  and  had  two 
compartments  ;  one  for  the  body,  the  other  for 
weapons.  The  sarcophagus  was  in  a  large  stone 
vault  which  contained  the  skeletons  of  a  wife,  an 
attendant,  a  lioi-su,  and  divei-s  jars,  which  probably 
once  held  provisions.  It  is  pictui-ed  in  Kawlinson's 
Herodotus,  note  to  pp.  49,  60,  Vol.  III.  (Am.  ed.). 

Sarcophagi  of  terra  cotta,  ornamented  in  bas-relief 
and  witn  recumbent  statues  of  the  deceased,  are 
found  in  the  British  Museum.  See  article  ^*Fu7ius," 
in  Smith's  **  Dictionary  of  Greek  and  Roman  An- 
tiquities." 

Glass  coflins  were  ^mtented  in  England  in  1847. 
Unfortunately  they  were  also  used  by  the  Egyptians 
over  2,000  years  ago. 

We  learn  from  Pliny  that  Varro  and  others  di- 
rected that  their  bodies,  when  dead,  should  be  de- 
|K)sited  in  earthen  waiv. 

Coffins  madeof  slate  slabs  united  by  metal  lie  comer- 
pieces  and  bolts  are  described  in  an  1868  patent. 

Coffins  are  rendered  impervious  to  moisture  by 
resins,  asphaltum,  paniffine,  etc. 

A  Danish  paper  states  that  Herr  Woerman,  ship- 
owner of  Hamburg,  has  been  commissioned  to  pro- 
cure a  coffin  for  his  present  Majesty  the  King 
Jberio,  on  the  west  coast  of  Africa.  The  coffin  is  of 
tir-wood,  polished  on  the  outside,  and  furnished 
ver)'  comfortably.  It  is  lined  with  red  velvet,  and 
has  soft  velvet  cushions.  There'  are  fi^'e  glass  win- 
dows in  the  lid  to  let  the  light  enter,  and  under  it  | 
is  placed  a  mirror  for  aid  to  reflection;  The  haniiles  | 
and  feet  are  of  tin,  as  well  as  the  window  settings  ; 
and,  lastly,  the  coffin  arrangement  is  completed  by 
two  bottles  of  gin  and  the  necessary  glasses.  The 
prospect  of  death  is 


from  the  arbor  of  a  stop-motion,  or  from  a  disk  in 
a  register  or  feed  motion,  etc. 

2.  {Carpentry.)  a.  A  projecting  piece  a  on  the  end 
of  a  joist,  which  is  in  the  natui-e  of  a  tenon,  and  is 
received  into  a  notch  in  a  bearing  timber,  such  as  a 
wall-plate,  the  cog  resting  flush  with  the  upper  sur- 
face of  the  plate. 

b.  A  longitudinal  tenon  bed  projecting  from  one 
of  the  faces  of  a  scarf-joint  and  entering  a  recess  in 
the  face  of  the  other  timber,  to  prevent  lateral  de- 
flection of  the  scarf-joint.     A  coak. 

Cog  and  Round.    An    old-fashioned  bucket- 

i^'ig.  idt'tf. 


Fig.  1878. 


rendered  cheerful  by 
the  continual 
presence  of  the  box 
m  his  Majesty's  state 
apartments. 

4.  {Milling.)  One 
of  the  sockets  in  the 
eye  of  the  runner, 
which  receives  the 
ends  of  the  driver. 

The  terai  is  ap- 
plied to  other  depres- 
sions, especially  to 
such  as  are  hollowed 
or  chipped  out. 

Coffin-gag^  An 
instmment,  cross- 
shaped,  with  gradu- 
ated stem,  head- 
piece, and  arms,  by 
which  the  measure- 
ment of  a  corpse  may 
be  readily  made. 

Cog.  1.  A  tooth, 
cam,  catch  or  lifter, 
which  acts  xkyfon  an 
object  to  move  it ;  as 
in  the  case  of  a  ge^ir- 
whoel ;  the  wiper  on 
the  shaft  whicn  lifts 
a  trip-hammer,  or  the 
{lestle  of  a  stamp- 
mill  ;  the  projection 


Co^and  Round 

hoist  having  a  cog-wheel   and  lantern,   the  Utter 
having  staves  or  rounds. 

Cog-wear.  An  old-time  narrow  frieze  goods, 
of  course  (luality. 

Cog-wneeL  One  having  teeth  which  mash 
into  similar  ones  on  another  wheel  to  impart  motion 
thereto,  or  to  receive  it  thei-efrom.  The  name  — 
cog  —  shows  the  original  mode  of  construction,  in 
which  cogs  or  pieces  of  wood  were  inserte<l  into  mor- 
tises in  the  face  of  a  wheel.  Wheels  thus  constmcted 
are  used  under  the  names  of  rag  or  sprocket  wheels, 
in  connection  with  chains  or  lantern  wheels,  the 
latter  having  rouiuls  or  rundles  between  diaks. 

The  teeth  of  cog-wheels  are  now  usually  made 
solid  with  the  rim,  being  cast  therewith  or  cut  there- 
upon. 

There    are    numerous  varieties  of    cog-wheels,  • 
known  by  peculiar  shapes,  modes  of  presentation  of 

ng.  1880 


Cog'Whea. 

the  wheel,  or  by  special  features  of  the  teeth.  A 
list  is  given  under  Gearing  (which  see). 

A  spiir-vfheel  has  cogs  projecting  radially,  either 
inward  or  outward. 

A  crown  or  contrate  wheel  has  cogs  projecting 
from  the  rim  parallel  with  the  axis. 

A  bevel  or  miter  wheel  has  teeth  whose  faces  are 
oblique  with  the  axis. 

The  pinion  bears  a  specific  relation  to  a  laiger 
cog-wheel. 

For  list  of  cog-wheels,  see  Gkarino. 

In  the  illustration  a  spur-vrheel  is  shown,  the 
cogs  being  radial. 
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The  characteristic  parts  of  the  wheel  are  as  fol- 
lows :  — 

a,  primitive  or  geometric  radius  ;  distance  of  the 
center  of  the  wheel  from  the  jiitch-line, 

6,  tr^ie  (or  real)  radius  ;  distance  of  center  of 
wheel  from  extremity  of  cog. 

The  addendum  is  the  difference  between  the  real 
and  geometric  radius. 

Interdental  space  ;  the  interval  between  cogs. 

The  pitdi  c  of  a  wheel  is  the  distance  measured 
along  the  pitch-line  from  the  center  of  one  tooth 
to  the  center  of  the  next. 

The  pitch-surface  of  a  wheel  is  an  ideal  smooth 
surface,  intermediate  between  the  crests  of  the  teeth 
and  the  bottoms  of  the  interdental  spaces,  which, 
by  rolling  contact  with  the  pitch-surface  of  another 
wheel,  would  communicate  the  same  velocity-ratio 
that  the  teeth  communicate  by  their  sliding  contact. 

Tlie  pitch-line  of  a  wheel,  or,  in  circular  wheels, 
the  pitch-circle^  is  a  transverae  section  of  the  pit^ih^ 
surface  made  by  a  surface  perpendicular  to  it  and  to 
the  axis ;  that  is,  in  3;?7wr- wheels,  by  a  plane  per- 

Sendicular  to  the  axis  ;  in  ftcwZ-wheels,  by  a  sphere 
escribed  about  the  apex  of  the  coni<ml  pitch-sur- 
face'; and  in  skew-hevel  wheels,  by  any  oblate 
spheroid  generated  by  the  rotation  of  an  ellipse 
whose  foci  are  the  same  with  those  of  the  hyperbola 
that  generates  the  pitch  surface.    (Rankin.) 

The  pitch-point  of  a  pair  of  wheels  Is  the  point  of 
contact  of  their  pitch-lines. 

The  creAt  of  a  cog  is  its  extreme  outer  surface. 

The /ace  e  of  a  cog  is  the  acting  surface  beyond 
the  pitch -line.    /  is  the  shoulder. 

The  flank  d  lies  within  the  pitch -surface. 

The  substitution  of  the  iron  for  the  wooden  wheel 
is  originally  due  to  Smeaton,  who  intro<luced  iron 
wheels  at  Carron,  in  Great  Britain,  in  1 754,  and  at 
Helper,  Derbyshire,  shortly  after.  A  cast-iron  bevel - 
wheel  was  also  used  in  Scotland  about  the  same 
time  by  Mr.  W.  Murdock.  Not  until  1784,  how- 
ever, was  cast-iron  fairly  introduced  in  the  various 
details  of  mill  work,  and  the  credit  of,  this  wider 
application  of  the  improvement  belongs  to  John 
Itennie,  an'  eminent  and  successful  engineer,  who 
adopted  it  for  bevel  and  spur  wheels  at  Boulton  and 
Watt's,  at  the  Soho  Rolling  Mill  and  Foundry. 

Cog-wheels  were  formerly  distinguished  from 
toothed  wheels  by  the  former  having  teeth  of  dif- 
ferent materials  from,  and  insei-ted  into,  the  rim. 

This  distinction  is  not  now  very  usual. 

CoiL  1.  A  helix  or  spiral ;  the  word  is  used  to 
indicate  variously  convolved  forms. 

It  seems  proper  that  the  term  **  coil "  should  be 
considered  generic,  including  both  the  helical  and 
spiral  forms. 

Helical^  apjiertaining  to  a  helix,  which  is  a  coil 
decreasing  in  radius  as  it  appi-oaches  the  center ; 
whether  m  the  same  plane  as  a  coil  of  rope,  or  a 
watch-spring,  or  assuming  a  conical  shape,  as  with 
helixis  of  shells. 

Spiral,  shaped  like  a  ^^are  wound  upon  a  cylin- 
der ;  as  the  spring  of  the  chronometer,  the  spring- 
balance,  etc.     The  coils  have  the  same  diameter. 

2.  {Nautical.)  Rope  laid  up  ring  fashion, /rAre  on 
fake.  When  laid  up  in  a  flat  helix,  without  riders, 
beginning  in  the  middle,  and  **  with  the  sun,"  it  is 
said  to  be  a  Flemish  coil. 

CoUed-Bpring.  A  metallic  spring  laid  up  in  a 
spiral  so  as  to  have  a  resiliency  in  the  line  of  its 
axis,  either  by  extension  or  condensation,  as  the 
spring  may  be  arranged.  Fig.  1381  shows  one  mode 
of  coUing  springs  in  which  the  wire  is  wound  on  a 
revolving  mandrel,  the  end  bein^  held  by  a  sliding 
sleeve  and  locking  dog.     The  wire  is  coiled  upon 
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^ 


\iT 


JJTk, 


Machine  for  coiling  {^trings. 

the  mandrel  /  as  it  rotates,  by  a  spirally  gix)oved 
cylinder  K.  The  coil  is  stripped  from  the  mandrel 
by  the  longitudinal  movement  of  the  latter. 

The  uses  of  such  springs  are  so  numerous  that  it 
will  be  impossible  to  enumerate  a  large  proportion 
of  them.  Springs  for  railway  cars,  spring-balances, 
bed-bottoms,  etc.     See  Fig.  1143,  page  483. 

CoiiL  A  piece  of  metal  on  which  certain  char- 
acters are  stamped  by  authority,  giving  the  piece  a 
legal  current  value. 

No  coin  has  been  found  of  the  ancient  Egyptians 
or  Assyrians  ;  neither  do  the  Phoenicians  appear  to 
have  coined  money. 

The  money  of  ancient  Eg}'pt  was  in  the  form  of 
rings,  which  were  of  gold  and  silver,  abed,  fig. 
1382.  The  same  currency,  we  learn  from  Wilkin- 
son, is  in  use  in  Senaar  and  the  neighboring  coun- 
tries. The  Egyptians  had  no  coin  till  the  time  of 
Alexander,  330  B.  c,  except  a  few  of  the  Persian, 
and  some  made  in  imitation,  which  co.st  the  viceroy 
his  life. 

The  Chinese  and  Japanese  have  also  ring-money. 

Money  was  originally  estimated  by  ^'eight,  as  in 
the  case  of  the  sum  paid  for  a  piece  of  land  by 
Abraham  to  Ephron  the  Hittite,  and  the  money 
**  in  full  weight "  found  in  the  corn-sacks  of  Joseph  s 
brethren.  In  the  Theban  paintings,  the  public 
weigher  is  shown  in  the  act  of  weighing  money. 
See  Balance. 

To  avoid  the  trouble  of  weighing  the  metal  when- 
ever a  purchase  was  made,  or  of  cutting  it  to  make 
fractions,  pieces  of  a  known  weight  were  ready  cut 
and  introduced  into  circulation.  These  were  marked 
with  their  weight ;  afterwards  devices,  such  as  the 
name  or  figure  of  the  king,  were  placed  upon 
them  to  confer  authenticity,  and  thus  coins  were 
established. 

Chinese  bronze  and  copper  money  was  made  as 
early  as  1100  b.  c,  but  none  of  gold  or  silver  till  a 
much  later  period. 

The  brass  money  referred  to  by  Homer  as  existing 
1184  B.  c.  was  bronze,  and  may  have  been  merely 
pieces  of  known  weight.  Herodotus  states  that  the 
Lydians  first  coined  money  about  1000  B.  c.  This 
was  at  the  period  when  Solomon  paid  Hiram  in 
com,  wine,  and  oil,  for  the  use  of  his  skilletl  work- 
men and  his  cedar- wpod. 

The  early  coins  of  Lydia  show  a  punch-mark  on 
the  reverse,  the  quadratum  incis7in{,  given  by  a 
protuberance  on  the  annl  upon  which  the  planchet 
of  metal  was  laid  to  receive  the  impression  of  the 
die,  which  was  laid  above  and  struck  by  a  hammer. 
The  punch -mark  on  the  reverse  was  afterwards  con- 
verted into  a  regular  impression  in  intaglio.  The 
lion  device  of  Lydia  was  probably  adopted  on  coins 
by  Ci-oesus ;  other  Lydian  coins  have  the  archer, 
which  was  copied  on  the  Persian  cUiric. 

The  different  states  of  Greece  adopted  various 
animals  for  emblems. 

The  earliest  represen tuitions  of  the  human  form, 
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designed  as  portraits,  are  the  Macedonian  series, 
commencing  with  Alexander,  the  son  of  Amyntas. 

One  form  of  Greek  money,  before  the  introduction 
of  coin,  was  in  skevoers,  of  which  six  formed  a 
liandful.. 

An  early  gold  coin  was  the  Persian  darlic  c,  Fig. 
1382,  which  weighed  about  130  grains  troy.     Silver 

Fig.  1882. 


Ancient  Money. 

coins  in  imitation  were  struck  by  Aiyandes,  governor 
of  Egypt  under  the  Persians,  for  which  act  he  was 
condemned  to  death.  Silver  is  said  to  have  been 
coined  by  Phedon  of  Argos,  750  b.  c.  Gold  by 
Philip  of  Macedon,  340  B.  c.  Servius  Tullius  coined 
copper  money,  578  b.  c.  Silver  was  coined  at 
Athens,  512  b.  c.  ;  at  Rome,  269  B.  c.  Iron  was 
coined  by  Lycurgus,  884  B.  c.     Plutarch  says  it  re- 


qaired  a  cart  and  two  oxen  to  draw  the  small  sum 
of  10  minsB,  about  %  28. 

It  is  said  that  the  coin  of  Philip  of  Macedon  was 
the  fli*st  that  was  alloyed  ;  it  was  done  to  harden  it, 
and  make  it  wear  better. 

Coined  money  was  first  cited  in  those  i)ortions  of 
the  Hebrew  Scriptures  written  after  the  captivity. 
The  Jews  had  no  coined  money  of  their  own  till 
the  time  of  the  Maccabees,  when  King  Antiochus 
gave  leave  to  Simon  to  "  coin  money  for  his  country 
with  his  own  stamp."     (1  Maccabees  xv.  6.) 

The  money  mentioned  by  Ezra  was  prolxibly  the 
Persiau  darfc  «,  Fig.  1382,  equal  to  about  $5.50. 
Cyrus  i»aid  the  soldiers  of  Clearchus  a  daric  a  month. 
(Xenophon.) 

The  Jewish  silver  shekel  had  a  weight  of  about 
half  an  ounce,  and  value  alx)ut  62  cents  of  our 
money.  To  form  an  idea  of  the  economic  value  of 
money,  do  not  forget  to  consider  the  relative  value 
of  provisions. 

f  g  are  the  obverse  and  reverse  of  the  shekel. 

h  i  the  obverse  and  reverse  of  the  half-shekel. 

j  is  an  obverse  with  the  inscription,  "Shekel  of 
Israel." 

k  the  reverse  of  the  same  coin,  with  "Jerusalem 
the  Holy,"  and  a  vase  having  three  flowers. 

The  coins  of  Herod  are  of  copper  or  brass,  and  are 
abundant,  numismatically  speaking.  The  obverse 
/  has  an  inscription  and  anchor  ;  the  reverse  m  has 
two  cornucopifiB,  within  which  is  a  caduceus. 

The  shekel,  staf^yr,  drachma^  and  denarius,  repre- 
senting three  difl'ei-ent  nationalities,  were  current  in 
Palestine. 

Barkabab,  who  rai.sed  a  politico-religious  crusade 
against  the  Romans  in  the  time  of  Hadrian,  closed 
the  series  of  Jewish  coins  {op),  for  after  this  Jeru- 
salem, as  a  Jewish  city,  disappears  altogether,  and 
under  the  name  of  JFAiiv,  a.  d.  135,  became  a  Roman 
colony  from  which  Jews  were  rigorously  excluded. 
Constantine  restored  the  name  and  made  it  a  Chris- 
tian city  about  A.  D.  326.  Five  centnries  of  |>eac€, 
a  long  period  for  Jerusalem,  followed  the  restoration 
under  Constantine  and  Julian.  Then  followed  the 
Persian,  Chosroes  II.,  A.  D.  614  ;  HeracliQs  retrieved 
it  in  628  ;  but  Omar  subdued  it,  a.  d.  637.  The 
Christians  regained  it  but  for  a  brief  and  bloodv 
interval  of  87  years,  in  the  eleventh  and  twelfth 
centuries,  when  it  was  conquered  by  Salatlin,  be- 
came nominally  attached  to  the  Kingdom  of  Sicily 
in  1277,  and  in  1517  passed  under  the  sway  of  the 
Ottoman  Sultan,  Selim  1.,  whose  successor  Suliman 
built  the  present  walls  of  the  city  in  1542. 

The  stamping  of  metal  to  form  coin  was  ori^nally 
performed  by  a  common  punch,  by  a  succession  of 
blows,  making  a  rude  impression,  more  or  less  per- 
fect, according  to  the  skill  of  the  workman.  An  in- 
stance of  this  is  an  early  silver  coin  of  iEgina  with 
the  emblematical  tortoise. 

The  stater,  the  principal  gold  coin  of  ancient 
Greece,  was,  perhaps,  the  earliest  coin,  and  the  mode 
of  its  manufacture  was  characteristic  of  coinage  for 
a  long  period.  The  obverse  has  a  rude  image  of  a 
lion's  head,  and  the  reverse  has  an  indentation.  A 
single  die  was  used,  and  the  piece  of  metal  placed 
on  it ;  a  punch  drove  the  metal  into  the  intaglio  of 
the  die,  and  the  marks  of  the  punch  remained  on 
the  reverse. 

The  first  improvement  upon  this  consisted  in  pla- 
cing a  device  on  the  face  of  the  punch,  giving  a  de- 
sign to  the  reverse  in  intaglio.  This  was  not,  in  the 
first  place,  similar  to  the  cameo  relief  of  the  obverse, 
as  may  be  seen  in  the  quarter-stater  of  Phocea. 
Then  followed  a  coinage  in  which  the  obverse  and 
reverse  showed  the  same  design,  —  one  in  relief  and 
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the  other  in  intaglio.  The  next  step  was  evidently 
to  make  two  dies  with  intaglio  faces,  between  which 
the  planchet  or  piece  of  metal  was  swaged  so  as  to 
give  the  design  in  relief  on  each  side.  To  this  we 
still  adhere. 

The  first  de-signs  on  coin  were  emblematical  or  else 
indicative  of  weight,  that  is,  value.  The  emblems 
were  various,  as  in  the  case  of  the  tortoise  of  iEgina, 
or  the  owl  of  Athens,  and  were  afterwards  supplanted 
by  figures  or  heads  of  deities,  who  presided  over 
the  destinies  of  the  respective  countries  or  cities. 

The  silver  coin  of  Alexander  I.,  of  Macedonia, 
450  B.  c,  is  said  to  have  been  the  first  which  had  a 
representation  of  the  human  figure ;  and  the  drachma 
of  Archelaus,  413  b.  c,  the  first  coin  with  a  por- 
trait. This  practice  was  not  adopted  by  the  Romans 
till  the  time  of  Julius  Ceesar,  when  it  became  gen- 
eral, and  is  yet  practiced,  as  is  well  known.  The 
Mohammedans,  in  their  detestation  of  images,  in- 
scribe the  name  and  title  of  the  prince,  and  on  the 
reverse  the  name  of  the  coin  and  the  year  of  the 
Hegira.  The  crescent,  found  on  some  Byzantine 
coins,  was  adopted 'as  a  symbol  by  the^urks. 

"King  Abderahman  (Ben  Moavia)  had  his  zeka, 
or  house  for  the  coinage  of  money,  in  Cordova ;  he 
introduced  no  change  in  the  currei;icy,  but  retained 
the  dies  used  in  Syria  by  the  Caliphs,  who  were  his 
predecessors,  and  made  his  coins  in  all  respects  sim- 
ilar to  theirs,  .  .  .  excepting  what  was  necessitated 
by  time  and  place."  — CoxDb. 

Justinian  li.  was  the  first  who  had  the  image  of 
Christ  struck  on  coins,  a.  d.  710.  The  Pope's  effigy 
first  occurs  on  a  coin  in  1480. 

The  as  libra^  in  the  time  of  Servius  Tullius  (550 
B.  c. ),  weighed  a  pound,  as  its  name  indicates  ;  by 
190  B.  c,  it  had  fallen  to  half  an  ounce.  Silver 
was  coined  ,269  b.  c,  when  the  denarius  weighed  90 
grains  ;  in  the  time  of  Vespasian,  a.  d.  70,  it  had  fall- 
en to  53  grains.  The  aureus  was  first  issued  about 
204  B.  c,  and  wejghed  166  grains,  but  had  fallen 
to  96  grains  in  the  time  of  Hehogabalus,  A.  D.  218. 

The  silver  coinage  of  Crotona,  600  B.  c,  was  pure, 
as  was  also  the  gold  coinage  of  Philip  of  Macedon, 
350  B.  c.  Under  Vespa.sian,  a.  d.  79,  the  silver 
money  contained  one  fourth  its  weight  of  copper. 
Under  Antoninus  Pius,  A.  D.  138,  more  than  one 
third.  Under  Commodus,  a.  d.  180,  nearly  one 
half.  Under  Gordian,  A.  i).  236,  more  than  two 
thirds  of  the  so-called  silver  coin  was  copper.  Under 
Gallienus,  A.  D.  861,  a  coinage  was  issued,  an  alloy 
of  copper,*tin,  and  silver,  of  which  the  latter  formed 
less  tnan  a  two  hundredth  part.  The  Republic  de- 
based the  coin  by  i-educiug  its  weight,  the  Empire 
by  alloying  it. 

Pieces  of  copper  and  of  tin,  of  known  weight  but 
irregular  shape,  were  used  in  Britain,  till  Cunobelin, 
King  of  the  Trinobantes,  who  had  been  educated  at 
the  court  of  Augustus,  imitated  the  Roman  coin  ; 
but  under  Claudius  the  British  mint  was  destroyed, 
the  Roman  coin  introduced,  and  continued  in  circu- 
lation till  the  arrival  of  the  Saxons. 

Assaying  in  England  originated  with  the  Bishop 
of  Salisbury,  treasurer  to  Henry  I.,  about  1130.  It 
was  practiced  by  the  Romans. 

In  the  reign  of  Edward  I.  the  penny  was  so  deeply 
indented  with  a  cross  that  it  was  easily  divided  into 
half-pence  and  fourthlings  (farthings). 

Henry  III.  issue<l  the  first  gold  coin  in  England, 
1257.  Edward  III.  issued  gold  coin  in  1344,  and 
at  that  time  the  armorial  bearings  appear  on  British 
coins. 

Pounds  sterling,  crowns,  and  shillings  were  issued 
by  Henry  VIII.,  half-crowns  and  sixpences  by 
^wanl  VI.     The  guinea,  so  called  from  being  made 


of  African  gold,  was  issued  in  1663,  and  stamped 
with  an  elephant.  The  name.^sovei^pign"  (Eng- 
lish pound  sterling)  was  of  later  date,  reign  of  James 
1.  The  screw-press  was  invented  by  Bucher,  a 
Frenchman,  in  1553,  and  was  established  m  the 
English  mint  in  1602.  The  edge  was  grained  at 
first  to  prevent  clipping.  A  motto  was  placed  on 
the  edge  in  X651. 

The  first  coin  or  medal  with  milled  aiges  is  said 
to  be  that  of  George  Frederick,  Marquis  of  Branden- 
burgh,  1589. 

The  ** angel,"  value  6s.  8d.,  first  coined  a.  d. 
1430.  The  obverse  represented  Michael  the  Arch- 
angel with  his  left  foot  on  the  dragon. 

The  first  government  copper  coinage  in  England 
was  in  1620.  Copper  tokens  had  been  issued  pre- 
viously by  corporations  and  individuals. 

"At  my  goldsmith's  did  observe  the  king's 
(Charles  II.)  new  medall,  where,  in  little,  there  is 
Mrs.  Stewart's  [afterwards  Duchess  of  Richmond] 
face,  as  well  done  as  ever  I  saw  anything  in  my 
whole  life,  I  think  ;  and  a  pretty  thing  it  is  that 
he  should  choose  her  face  to  represent  Britannia 
by."— Pepys's  Diary,  Feb.  25,  1667. 

The  alloy  (English)  of  gold  is  silver  and  copper, 
and  of  silver,  is  copper.  English  standard  gold  is 
22  carats  gold  to  2  of  alloy.  Standard  silver  is  11 
oz.  2  dwts.  silver,  to  18  dwts.  copper.  The  American 
gold  coin  is  86  parts  gold,  3  parts  copper,  1  part 
silver. 

The  American  and  French  silver  coin  are  9  parts 
silver,  1  part  copper.     See  Standard. 

The  proper  weight  of  the  double-eagle  is  516  troy 
grains,  and  the  smaller  gold  coins  in  pronortion. 
The  law  permits  a  variation  above  or  below  the 
standard  of  half  a  grain.     See  Remedy. 

The  series  of  operations  in  coining  is  as  follows : — 

1.  The  ingot  is  assayed  and  alloyed. 

2.  A  number  of  ingots  melted  into  a  long,  flat  bar. 
8.  The  bar  is  repeatedly  rolled,  cut  into  pieces, 

annealed,  and  re-rolled  until  it  assumes  the  shape  of 
a  ribbon,  approximating  the  width  and  thictness 
of  the  required  coin. 

4.  The  ribbon  is  draivn  through  a  gage  to  bring 
it  to  exact  size. 

5.  The  ribbon  is  cut  into  blanks,  each  planchet 
being  of  the  weight,  and  approximately  the  size,  of 
the  coin. 

6.  The  planchet  is  tested  by  an  automatic  weigh- 
ing-machine, which  rejects  heavy  and  light,  and 
selects  those  of  proper  weight. 

7.  The  edge  of  the  planchet  is  milled,  that  is, 
rolled  smooth  and  circular  and  slightly  turned  over. 

8.  The   planchet    is    heated,    cooled    in    water, 
cleansed  in  acidulated  water,  and  then  dried  in  hot  ^ 
sawdust. 

9.  The  blank  is  stamped  between  the  die  and 
coupter-die,  the  7iurling  being  done  at  the  same 
operation.^ 

Coin-ayB-8ort'er.  A  machine  which  separates 
different  kinds  of  coins  by  size,  or  coins  of  the  same 
kin»l  by  weight. 

In  one  form  of  the  first  mentioned,  the  coins  are  ^ut 
singly  into  a  hopjH;r  and  fed  edgeways  to  the  in- 
clined way,  in  which  they  roll  upon  their  edges  and 
lean  toward  the  open  side  of  the  way,  so  as  to  drop 
out  on  arriving  at  an  aperture  large  enough  therefor. 
The  distance  between  the  holding  lips  of  the  guides 
con.stantly  increases,  so  that  the  coins  will  drop  out 
at  diH*erent  places,  each  into  its  appropriate  tube. 
The  tubes  are  marked  by  a  scale,  to.  indicate  the 
number  of  coins  by  the  depth  of  the  pile. 

In  another  form,,  the  coins  pass  into  a  graduated 
series  of  rotary  cylindrical  sifters  or  sorting- barrels, 
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ivitb  internal  spiral  divisions,  causing  the  coins  to 
travel  through  and  between  each  spiral  thread  ;  cir- 
cular openings  allow  all  the  coins  except  the  largest 
to  drop  through.  The  largest  coins  are  delivered 
into  a  till,  but  the  remainder  pass  through  other 
barrels,  until  only  the  smallest  ones  remain. 

In  machines  for  sorting  gold  or  silver  coin  into 
full-weights  and  light-weights,  the  scales  are  ar- 
ranged so  that  the  coin  of  full  weight  in  a  lower 
position  is  pushed  off  by  an  automatic  pusher  into 
one  box,  but  the  light-weights  are  lifted  a  little 
higher  by  the  rising  of  the  scale,  and  are  brought 
opiKwite  to  another  pusher  which  sends  them  into  a 
lignt-weight  box. 

Coin-ooont'er.  An  arrangement  b^  which  the 
process  of  hand  counting,  piece  by  piece,  is  dis- 
pimsed  with.  A  shovel  or  tray  has  shallow  depres- 
sions of  a  given  length,  width,  and  depth  to  hold  so 
many  coins  of  a  given  kind.  The  coins  are  shoveled 
into  the  tray,  which  is  then  skillfully  agitated  until 
the  coins  have  snugly  occupied  all  the  spaces.  The 
remainder  are  brushed  off,  and  the  complete  quota 
is  thrown  into  a  scale  to  verify  the  count  by  weigh- 
ing. 

Coin'ing-press.  A  power  lever-screw  press  by 
which  the  planchnt  of  metal  is  impressed  with  the 
design  or  legend. 

The  blanks  are  placed  in  a  tube  at  the  front  of 
the  pi-ess,  and  at  each  motion  the  lower  blank  in 
the  pile  is  seized  by  fingers  and  drawn  into  a  collar 
between  the  upper  and  lower  dies  ;  where  as  the 
lever  descends,  the  two  arms  of  the  toggle-joints  are 
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brought  into  line  perpendicularly,  im^rting  a 
I)owerful  pressure  to  the  blank,  causing  it  to  fill  out 
the  collar  and  forming  at  the  same  time  the  face 
and  obverse  impres-sions,  as  well  as  the  flutings  or 
nurling  on  its  edge. 

The  piece  Is  then  released  by  the  relaxation  of 
the  toggle-joint  allowing  the  upper  die  to  rise  ;  the 
lower  die  rises  sufficiently  to  discharge  the  coin 
from  the  collar,  and  the  fingers,  retuniing  with  a 
second  blank,  push  the  first  out  and  allow  it  to 
slide  into  a  box  l)elow.  The  coins  are  then  ex- 
amined to  detect  defective  pieces,  as  flaws  some- 
times occur  h*om  air-bubbles  in  the  original  cast 
ingots  ;  and,  after  bring  counted  by  means  of  a 
6pe(!ial  apimratus  for  the  [mrpose,  are  placed  in  bags. 


The  lower  die  is  on  what  is  termed  the  die-sUtke^ 
and  gives  the  reverse  impression.  The  obverse  is  in 
the  upper  die. 

The  pressure  in  coining  double-eagles  is  about  75 
tons. 

Coin-weigh'ing  Ma-chine'.  A  machine  for 
weighing  coin  and  as.sorting  them  according  to  their 
full  or  light  weight. 

The  gold  coins  are  placed  in  a  pile,  and  the  bottom 
one  is  sliifted  by  a  slide  along  a  channel  just  large 
enough  for  the  standard  gold  coin,  but  too  laige  for 
a  counterfeit,  and  is  deposited  on  the  scale  supported 
by  a  knife-edge  ujwn  the  beam.  The  forceps,  which 
temporarily  aetain  the  weight-scale,  are  then  let  go, 
and  if  the  coin  be  light  that  end  of  the  beam  will 
rise  and  the  other  end  leaves  the  agate  ix)int  which 
rests  upon  it ;  a  bolt  then  advances  ancl  pushes  off 
the  coin  into  a  light-weight  receptacle.  If  the  coin 
be  full  weight,  the  scale  remains  down  ;  the  lower 
bolt  knocks  it  off  into  a  full-weight  box  at  a  lower 
level ;  the  position  of  the  coin  at  a  lower  or  a  higher 
elevation  determines  which  of  the  bolts  shall  strike 
it,  and  at  which  eduction  aperture  it  shall  depart. 

Coir.  The  prepared  fiber  of  the  husk  or  pericarp 
of  the  co<*oa-nut,  which  is  made  into  rope,  matting, 
brushes,  etc.   • 

The  nut  is  picked  a  little  before  it  is  ripe,  and 
the  i>ericarp  stripped  from  the  nut  by  forcing  it 
upon  an  iron  stake  fixed  in  the  ground.  The  rind 
is  then  soaked  in  water  for  several  months  to  soften 
the  substance  which  fills  the  interstices  between  the 
fibers.  It  is  then  beaten  upon  a  stone  with  a  heavy 
piece  of  wood,  and  then  rubbed  by  the  hands. 
Forty  cocoa-nuts  yield  six  pounds  of  coir. 

The  operation  of  twisting  it  into  yam  is  similar 
to  that  pursued  with  hemp. 

Coir  cordage  is  lighter  tnan  hemp,  is  pliable,  and 
has  a  strength,  compared  with  hempen  rojie,  of  87  to 
108  with  large  rope,  and  60  to  65  with  small  rope. 

It  is  well  adapted  for  hawsers,  as  it  is  light 
enough  to  float  in  sea- water,  and  also  for  running- 
rigging,  but  is  not  so  well  adapted  for  standing- 
rigmng,  owing  to  its  contractibility. 

ICoir  is  also  made  from  the  long,  fibrous,  black, 
cloth-like  covering  of  the  Borassits  gonnutus, 

Cok^    Charred  pitcoal. 

It  is  carbonized  in  heaps,  in  ovens,  or  in  the  re- 
torts of  the  gas  manufactory.  It  may  be  pemarked 
that  the  production  of  the  best  coke  and  the  best 
gas  from  the  same  coal  is  .incompatible  ;  the  bulk 
of  the  mass  is  increased  by  coKing,  the  weight 
diminished  from  30  to  55  p<T  cent,  acconling  to  the 
mode  of  conducting  the  process. 

As  the  distillation  of  wood  leaves  a  solid  residue 
of  charcoal,  so  is  coke  the  residue  of  the  distillation 
of  coal.  2,240  pounds,  a  long  ton,  of  bituminous 
coal  is  said  to  yield  8,000  to  10,000  cubic  feet  of 
carbureted  hydrogen  gas,  and  1,100  to  1,800 
pounds  of  dry,  brittle  coke. 

Sir  John  Hacket  and  Octavius  de  Strada  proposed 
in  1626  to  convert  coal  into  coke,  and  thus  make  it 
as  agreeable  a  fuel  for  chambers  as  wood  or  charcoal. 

In  1658  the  project  was  revived  by  Sir  John 
Winter,  who  constructed  a  fire-cage  11  inches  high, 
and  a  box  below  with  an  ash-pit  door,  which  was 
o^iened  when  the  fire  was  to  be  ui^ged. 

The  manufacture  of  coke  in  heaps  is  thus  man- 
aged :  — 

An  oblong  square  hearth  is  prepared  by  beating 
the  eaith  to  a  firm,  flat  surface,  and  puddling  it 
over  with  clay.  The  pieces  of  coal  are  then  piled 
u])  on  this,  leaning  against  each  other,  and  each 
with  its  acutest  angle  resting  on  the  hearth.  The 
piles  are  from  30  to  50  inches  high,  9  to  16  feet 
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broad,  and  contain  from  40  to  100  tons  of  coal.  A 
number  of  vents  are  left,  reaching  from  top  to 
bottom,  into  which  the  burning  fuel  is  tbro\vn,  and 
they  are  then  closed  with  small  pieces  of  coal  beaten 
in  hard.  The  tire  creeps  along  the  bottom,  rises 
gradually  and  equally,  and  bursts  out  on  every  side 
at  once.  If  the  coal  contain  pyrites,  the  combus- 
tion is  allowed  to  proceed  a  considerable  time  after 
the  disappearance  of  the  smoke,  to  extricate  the 
sulphur.  If  it  contain  no  sulphur,  the  tire  is 
covered  up  soon  after  the  smoke  disa])peara,  be- 
ginning at  the  bottom  and  proceeding  gradually  to 
the  top.  In  from  fifty  to  seventy  hours  the  heap  is 
covered  completely,  and  in  from  twelve  to  fourteen 
days  the  coke  is  ready  for  removal. 

The  coke  of  gas-works  is  obtained  from  the 
chaiTed  coal,  withdrawn  from  the  retorts  and 
quenched  with  water; 

Coke-fur'nace.  A  furnace  in  which  the  volatile 
matters  are  expelled  from  pit-coal,  leaving  a  residual 
carbon  which  nums  without  flame  and  niakes  an  in- 
tense heat.     A  coke-oven. 

Coka-ov'en.  An  oven  in  which  the  gas  is  ex- 
pelled from  coal,  leaving  the  coke  or  carbonaceous 
portion. 

A  heap  of  coal  enclosed  with  earth  so  a^  to  limit 
the  access  of  air,  and  provided  with  small  holes  to 
allow  the  escape  of  gases,  may  be  fired  and  will  pro- 
duce coke.  Coke-ovens  are  similar  in  principle, 
and  have  openings  above  for  charging  with  coal, 
openings  below  for  withdrawing  the  coke,  and 
means  for  graduating  the  admission  of  air. 

When  made  on  a  large  scale,  a  number  of  large 
ovens  are  placed  in  a  row,  and  a  railw&y  is  laid 

Fig.  1884  ^ 


Coke-Oven. 

along  the  top  for  the  coal-cars,  which  dump  their 
contents  into  the  ovens.  A  lower  railway  affords  a 
track  for  the  cars  which  receive  the  coke  from  the 
ovens. 

The  coke-ovens  of  the  London  and  Birmingham 
Railroad  are  eighteen  in  a  series,  with  flues  at  the 
back  leading  to  a  chimney  11  feet  internal  diameter, 
wall  3  feet  tnick  at  the  base,  115  feet  high. 

Each  oven  is  elliptical,  about  11x12  feet.  The 
charge  is  6,720  pounds.  Forty  hours  suffice  for  the 
coking.  It  is  then  withdrawn  and  watered.  The 
loss  in  weight,  20  per  cent.  It  gains  one  quarter  in 
bulk. 

Col'an-der.  A  strainer  formed  of  perforated 
sheet-metal. 

The  colum  or  colander  of  the  Greeks  and  RomanK 
was  used  for  straining  the  must  from  the  pulp  and 
skins  of  the  grapes  ;  the  oil  from  the  amurca  ;  and 
for  domestic  purposes.  They  were  made  of  per- 
forated bronze  or  silver  ;  of  hair,  broom  (spariium), 
or  rushes. 

Several  were  found  at  Pompeii. 

A  l)eautiful  bronze  colander  was  exhumed  near 
Heliopolis,  and  is  in  the  Abbott  collection.  The 
holes  are  drilled  in  small  patterns.     It  has  a  handle. 

The  colander  for  ponriiig  lead  in  the  making  of 


shot  is  a  hollow  hemisphere  of  sheet-iron,  about  10 
inches  in  diameter,  ana  perforated  with  holes  which 
are  free  from  burs. 

The  holes  have  nearly  the  following  diameters 
for  the  annexed  sizes  of  shot :  — 

No.  0       .        .        .        .    3*sj  of  an  inch. 

1  .        ,        .        .        -h 

2  ,         .         .         ,     ^ 

3  .         .         .         .         tV  " 

4  .         .         .         .     lAr 

by  gradations  to  No.  9,  which  is  ^^n         ** 

Instead  of  a  colander^  an  oblong  ladle  is  now  used 
in  some  towers,  the  edge  being  S(;alloped  to  break 
the  overflow  into  small  streams. 

CoFan-derHihov'eL  One  of  vdre  open-work, 
for  shoveling  salt  crystals  out  of  the  evaporating- 
pan. 

CoFar-in.  (Architecture,)  The  space,  frequently 
ornamented,  between  the  astragal  and  the  annulets 
of  the  capital  of  the  Tuscan  or  Roman  doric  column. 

Col'oo-thar.  A  red  oxide  of  iron,  obtained  by 
the  calcination  of  sulphate  of  iron,  and  used  for 
polishing.    See  Crocus  ;  Grinding  Materials. 

Gold^last.  {Metallurgy,)  Air  forced  into  a 
smelting-fumace,  at  a  natural  temperature,  in  con- 
tradistinction to  a  heated  blast,  which  is  more 
economical,  but  produces  an  inferior  ciuality  of  iron. 

Cold-ohis'eL  A  steel  tool  used  for  cutting 
metals,  and  driven  by  the  blows  of  a  hammer. 

Cold-dra'Wii.  CHI  expressed  from  seeds  or  nuts 
without  previous  heating  of  the  latter,  is  said  to  be 
cold  drawn  ;  and  is  of  superior  quality  to  that 
jrielded  bv  previously  heated  seeds  or  nuts. 

Cold-^am'mer-ing.  The  hammering  of  a  metal, 
without  fire-heat,  to  give  hardness  and  temper. 

ColdHihort.  {Founding. )  A  void  or  seam  in  n 
casting  occasioned  by  the  too  rapid  congelation  of 
the  metal  which  failed  to  fill  the  mold  perfectly. 

Cold-short  Iron.  Iron  containing  phosphorous, 
which  may  l)e  foi-ged  and  welded  while  hot,  but  is 
brittle  when  cold. 

Cold-shut.  A  term  meaning  that  a  link  is 
closed  while  cold,  without  welding. 

Cold-w^a'ter  Pomp.  {Steam-engine.)  A  pump 
by  which  the  condenser  cistern  is  supplied  with  cold 
water. 

Collar.  1.  {Machinery.)  A  ring  or  round 
flange  upon  or  against  an  object.  Its  purpose  may 
be:- 

A.  To  restrain  a  motion  i^ithin  given  limits, 
as :  — 

a.  The  collar  or  huiting-ring  on  an  axle,  which 
limns  the  motion  inward  of  the  hub  on  the  axle. 

b.  The  ring*  shrunk  upon,  or  an  annular  projec- 
tion or  enlargement  of  a  shaft  or  rod  which  keeps  it 
from  slipping  endwise. 

c.  A  short  sleeve  on  a  shaft. 

d.  The  neck  of  a  bolt. 

B.  To  hold  an  object  in  place  ;  as  :  — 

a.  The  plate  of  metal  screwed  down  upon  the 
stuffing-box  of  a  steam  or  pump  cylinder,  and  hav- 
ing a  hole  through  which  the  piston  passes. 

h.  The  ring  inserted  in  a  lathe  puppet  for  holding 
the  end  of  the  mandrel  next  the  cnuck,  in  order  to 
make  the  spindle  run  truly. 

2.  {Engineering.)  The*^  curb  or  steining  around 
the  top  of  a  shaft  t4)  restrain  the  friable  supjerficial 
strata  and  to  keep  loose  matters  from  falling  in. 

3.  {Nautical.)  An  eye  formed  in  a  bight  of  a 
shroud  or  rope,  to  pass  over  a  mast-head,  to  hold  a 
dead-eye  or  a  block,  or  for  other  analogous  purposes. 

4.  {Harness.)  A  roll  of  leather  stuffed  with 
straw,  etc.,  and  having  two  creases  to   hold   the 
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Brecut- Collar. 


hanies.     It  is  placed  around  the  neck  of  the  horse, 
fits  against   the  shoulders,  and  fonns  the  bearing 
against  which  the  horse  presses  in  drawing  the  load. 
The  parts  of  the  collar  are :  — 
The  withers ;  the  upper  bow  resting  on  the  neck 
of  the  horse. 
The  after-tocLle^  body-side,  or  pad;   the  portion 
behind  the  hames. 
.    Fig.  13S5.  The  fore-wale,  or 

small  roll. 

The  housing ;  a 
covering  to  shed  rain 
from  the  collar  and 
shoulder. 

The  collar-strap ; 
at  the  upper  end. 

The  brea^st-collarf 
so  called,  is  a  breast- 
strap,  fonning  a  sub- 
stitute for  a  collar. 

5.  (Archilecture. ) 
a.  A  ring  or  cincture. 
An  astrs^al. 

b,  A  beam  staying 
two  opposite  rafters 
at  a  point  between  the  comb  and  the  plates.  See 
Collar- BEAM. 

6.  (Coining,)  A  steel  ring  which  confines  a 
planehet  and  prevents  latend  spreading  under 
the  pressure  or  blows  of  the  coining-press.  When 
the  edge  of  the  coin  is  to  be  lettered,  the  letters  are 
sunk  in  the  collar,  which  is  in  three  pieces,  confined 
by  an  outer  ring. 

7.  {Clothing.)  A  band  around  the  neck,  or  the 
neck  portion  of  a  body  gannent.  Shirt-collars,  or 
what  are  made  to  appear  as  such,  are  made  of  paper, 
paper  and  cloth  combined,  cloth,  leather,  metal. 
They  are  made  reversible,  are  embosswl  in  imitation 
of  lace,  linen,  stitching ;  printed  in  imitation  of 
various  kinds  of  figured  goods  ;  stained  to  resemble 
certain  kinds  of  fabrics.  Paper  collars  are  made 
combined  with  bosoms  or  with  neck- ties,  or  both, 
with  peculiar  fastenings  or  with  reinforced  button - 
hole«. 

Their  manufacture  involves  machines  for  cutting, 
punching,  folding,  molding,  shaping,  embossing, 
planishing,  burnishing,  and  boxing. 

The  process  of  making  paper  collars  is  briefly  as 
follows :  —  Sheets  of  paper,  preferably  16  x  36  inches 
and  weighing  125  pounds  to  the  ream,  are  enam- 
eled, dried,  embossed  to  imitate  cloth  by  roller  press- 
ure between  plates  on  which  cloth  has  been  tightly 
stretched  ana  pasted.  The  sheets  are  polished  by 
revolving  brushes :  cut  in  heaps  of  eighty  thicknesses 
by  steel  dies  of  tne  shape  required  ?  reinforced  by 
patches  of  fabric  at  the  button -holes  ;  the  button- 
holes cut,  stitches  impressed  on  the  border,  and  the 
size  stamped  on  them.  The  collar  is  molded  to  fit 
the  neck,  rolled  up  in  dozens,  so  called,  but  more 
often  only  ten  ;  put  in  a  box,  labeled  and  cased. 

Collar  and  Clamp. 
The  ordinary  form  of  dock- 
gate  hinge.'  Also  known 
as  anchor  and  collar.  The 
anchor  e  is  let  into  the 
masonry,  and  the  collar  is 
formed  by  a  clevis  6,  whose 
legs  are  secured  by  fore- 
locks in  the  clamp,  a  is 
1^  the  hole  for  the  pintle  of 
)  "  the  leaf. 

I*  Col'lar-awL  {Sad- 
dlery.) A  form  in  which 
the  eye-pointed  needle  has 


Fig.  1886 


been  used  for  many  years.  It  is  used  in  sewing 
collars,  the  wax-end  being  passed  through  the  ma- 
terial by  its  means,  and  drawn  tightly  by  the  hands. 

Collar-beam.    A  tie-beam  a  uniting  the  breasts 
of  a  jMiir  of  rafters  b  6, 
to   keep    them    from  Fig.  1887. 

sagging  or  spreading. 
It  acts  as  a  strut,  a 
tie,  and  often  as  a 
ceiling  joist  for  a  gar- 
ret story. 

Col'lar-block. 
{Saddlery.)  The  har- 
ness-makei^s  block  on 
which     a     collar    is  CoUar-Beam. 

shaped  and  sewn. 

CoFlar-oheok.    A  heavy  woolen  goods  made  for 
saddlery  purposes. 

Collar-liar'iieflS.    Harness  with  a  collar  in  con- 
tradistinction to  breast-harness. 

Collar-plate.    An  auxiliary  puppet,  or  midway 
rest  in  a  lathe  for  turning  long  pieces. 

Collar-tooL    {Forgiiig.)    A  rounding  tool  for 

Fig.  1888. 


): 


ChUar  and  Qamp. 


Collar  Tools. 

the  formation  of  collars  or  flanges  on  rods  by  a 
process  of  swaging. 

a  represents  the  lower  half  of  the  tool  in  the 
Imrdy-hole  of  the  anvil. 

b  is  the  upper  or  fullering  tool. 

c  shows  tne  collar  and  rod  in  the  grip  of  the 
pinchers. 

Col-leot'ing-bot'tle.    A  microscopist's  tank  for 
collecting  and  retaining  objects 
dioped  from  ponds.     The  fun-  Fig  1889. 

nei  c  fits  in  the  tube  a  when 
the  cover  of  the  latter  is  re- 
moved. The  tube  b  has  a  cover 
of  fine  muslin. 

Collet.  1.  {Machinery.)  A 
small  band  of  metal  ;  as  the 
ring  which  fastens  the  packing 
of  a  piston. 

2.  {Jewelry.)    a.  The  part  of 
a  ring  containing  the  bezel  in       Co!Uetmg-BouU. 
which  the  stone  is  set. 

b.  The  flat  surface  which  terminates  the  culcLsse  or 
lower  faceted  portion  of  a  brilliani-cut  diamond.  It 
is  sometimes  called  the  lower  table  or  culet,  and  is 
one  fifth  of  the  size  of  the  upper  one. 

Collier.  {Nautical.)  A  vessel  employed  in  car- 
rying coals  by  sea. 

Col-li-ma'tor.  A  telescope  arranged  and  used 
to  determine  errors  of  collimation,  both  vertical  and 
horizontal.  (Nichol.)  A  collimating  eye-piece  has 
a  diagonal  reflector  for  illumination,  and  is  used  to 
determine  the  error  of  collimation  in  a  transit  instru- 
ment, by  observing  the  image  of  a  cross- wirw  re- 
flected from  mercury,  and  comparing  its  position  in 
the  field  with  that  of  the  same  wire  seen  directly. 
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The  error  of  collimation  is  the  deviation  of  the  line 
of  collimation  of  an  astronomical  or  geodetical  in- 
strument from  its  normal  or  correct  position  with 
respect  to  the  axis  of  motion  of  the  instrument. 
(Webster.) 

The  floatingand  the  vertical-floating  collimator  were 
invented  by  Captain  Rater,  and  ara  two  instruments 
of  similar  principle  and  of  not  very  ditferent  con- 
struction, designed  to  facilitate  the  adjustment  of 
circles.  The  former  is  used  for  determining  the  hor- 
izontal point,  and  the  latter  the  zenith  or  nadir  points, 
as  the  case  may  be.  Each  kind  consists  of  a  tele- 
scope (with  a  system  of  cross- wires  in  its  field)  which 
is  made  to  rest  in  a  horizontal  position  on  a  plate  of 
iron  floating  on  a  surface  of  mercury  ;  or  is  fixed 
vertically  in  a  frame,  at  the  lower  part  of  which  is 
in  iron  ring  whose  plane  is  at  right  angles  to  the 
axis  of  the  telescope,  the  ring  floating  on  mercury 
in  an  annular  vessel.  The  telescope  of  the  circle 
which  it  is  desired  to  adjust  being  duly  jmt  in  posi- 
tion, the  observer  looks  through  it,  either  upward 
or  dowiiwfird,  as  the  case  may  be,  to  the  telescope 
of  the  collimator,  which,  in  the  vertical  instrument, 
is  mounted  with  its  axis  coincident  with  the  axis  of 
the  ring.  The  ai^ustmcnt  consists  in  bringing  the 
cross-wires  of  the  two  telescopes  to  a  mutual  inter- 
section by  the  screw  movement  of  the  circle.  G. 
Chambers. 

Collish.  {Slioe-inaking.)  A  tool  to  polish  the 
edge  of  a  sole.  , 

Col-lo'di-o-ohlo'ride  Proo'ess.  A  photo- 
graphic  printing  process  invented  by  Geoi^  H. 
Simpson,  editor  oi  the  Photo^phic  News,  about 
1863.  It  consists  in  holding  m  suspension  a  pre- 
cipitate of  chloride  of  silver  in  collodion,  which  is 
flowed  upon  glass  or  paper —  in  a  manner  similar  to 
]>reparing  a  plate  for  the  negative  process  —  and 
dried  in  the  dark.  The  sensitive  surface  so  pro- 
duced blackens  on  exposure  to  light,  and  will  con- 
sequently give  a  picture  under  a  photographic  nega- 
tive. An  excess  of  free  nitrate  of  silver  is  nece-ssary 
to  impart  sensitiveness  ;  an  addition  of  citric  acid 
and  other  organic  substances  is  used  to  produce 
the  desired  tints.  Aft«r  exposure  the  picture  is 
fixed  and  toned  as  usual. 

Col-lo'di-on-proo'ess.  A  process  in  photog- 
raphy invented  by  Archer.  An  iodized  collodion  is 
made  by  impregnating  a  solution  of  gun-cotton  in 
ether,  with  a  small  quantity  of  iodide  of  potassium 
or  cadmium.  A  film  of  the  iodized  collodion  is 
spread  on  the  glaas,  which  is  then  immersed  in  a 
solution  of  nitrate  of  silver.  The  image  is  taken  in 
the  camera,  developed  by  a  weak  solution  of  pyro- 
gallic  acid  and  acetic  acid,  or  a  solution  of  proto- 
sulphate  of  iron.  Excess  of  iodide  of  silver  is  re- 
moved by  hyposulphite  of  soda  or  cyanide  of  potas- 
sium. 

This  rives  a  negative.  A  positive  is  obtained  by 
laying  the  negative  on  prepared  paper  and  exposing 
them  to  light. 

Col-lo'di-o-tjrpe.  {Plwtography.)  Or  collodion - 
process.  A  name  applied  to  those  processes  in  which 
a  film  of  sensitized  collodion  is  used  on  a  plate  in 
obtaining  an  image.  In  the  ^cet  collodion  process 
the  plate  is  exposed  while  moist ;  in  the  dry  collo- 
dion process  the  plate  is  first  dried. 

The  collodion  positives  are  melanotypes  and  amhro- 
types  ;  the  images  are  formed  on  the  collodion,  so  as 
to  be  viewed  by  reflected  or  transmitted  light. 
When  viewed  by  reflected  light  they  are  termed 
ambrotypes. 

Collodion  negatives  are  obtained  on  a  film  of  sen- 
sitized collodion  on  glass. 

Col-ln'-vi-a'ri-um,    An  opening  in  an  ariueduct 


to  allow  access  for  cleaning  or  repairs,  and  for  ven- 
tillation. 

Col'on-nade'.  {Architeettire,)  Arange  of  columns, 
whether  attached  or  insulated,  and  supporting  an 
entablature. 

Colon.  A  punctuation  mark  (**:")  pi-escribing 
an  interval  greater  than  a  semicolon. 

Col'or-doc'tor.  (Calico-printing.)  a.  A  roller 
of  gun-metal  or  steel  pressed  against  the  face  of  the 
engraved  roll  for  calico-printing,  and  receiving  a 
tremulous  motion  to  sli^iitly  abrade  the  copper  sur- 
face and  enaUe  it  to  hold  the  color  more  eflectually. 

b.  A  sharp-edged  ruler  of  gun-metal  presented  at 
a  tan^nt  upon  the  engraved  cylinder  of  the  calico- 
printing  machine.  The  doctor  acts  as  a  wiper  to 
hold  back  superfluous  color,  and  has  a  slight  recip- 
rocating motion  in  contact  with  the  surface  of  the 
cylinder.  A  lint-doctor  on  the  other  or  delivery  side 
of  the  roller  i-emoves  fibers  of  cotton  from  the  cylinder. 

CoFored  Fires.  Compositions,  generally  based 
on  powder  or  its  components,  used  in  pyrotechny  for 
making  various  ornamental  fire* works,  known  as 
lanceSj  stars,  lights^  wheel-fires,  sun-fires,  etc. 

Col'ored  Liisht.  A  pyrotechnic  display  or  signal 
for  ettect  or  preconcerted  purpose.  One  formula  for 
their  composition  is  as  follows  :  — 

1 .  White  light :  8  parte  saltpeter,  2  parts  sulphur, 
2  parts  antimony. 

2.  Red  light :  20  parts  nitrate  of  strontia,  5  parts 
chlorate  of  potash,  6J  parts  sulphur,  1  part  charcoal. 

8.  Blue  light :  9  parts  chlorate  of  potash,  8  parts 
sulphur,  3  parts  mountain  blue  (carlx)nate  of  cop- 
per). 

4.  Yellow  light :  24  parts  nitrate  of  soda,  8  parts 
antimony,  6  parts  sulphur,  1  part  charcoal. 

6.  Green  light :  20  parts  nitrate  of  baryta,  18 
parts  chlorate  of  potash,  10  parts  sulphur. 

6.  Violet  light :  4  parts  nitrate  of  strontia,  9  parts 
chlorate  of  potash,  5  parts  sulphur,  1  part  carbonate 
of  copper,  1  part  calomel. 

Colored  Glass.  A  glass  used  to  interpose  \ie- 
tween  the  light  and  its  illuminated  field  ;  used  as  a 
signal  for  railways  and  ships  ;  also  in  lighthouses  to 
give  a  marked  peculiarity  to  the  light  Dy  which  it 
may  be  recognized  ;  also  for  purposes  of  display. 

Coror-im'e-ter.  A  measurer  of  color.  For  va- 
rious forms,  see  list  under  Meter. 

CoFor-print'ing.  Printing  by  a  succession  of 
colors,  or  by  various  colors  occupying  parts  of  the 
sheet.  There  are  various  modes.  See  Chromatic 
Printing. 

Co-los'sus.    A  statue  of  gigantic  size. 

The  largest  statue  in  Egypt,  according  to  Diodorus 
Siculus,  was  that  of  Osymandyas,  in  the  Ramesion. 
It  is  the  Memnonium  of  Strabo.  The  pedestal  is 
still  standing ;  the  court  around  is  fillea  with  its 
fragments.  The  foot,  of  which  parts  remain,  must 
have  been  11  feet*long  and  4  feet  10  inches  broad  ; 
the  breadth  across  the  shoulders  22  feet  4  inches  ; 
the  hight  is  calculated  at  64  feet,  the  weight  1,985,438 
pounds. 

The  statues  of  Memnon  are  60  feet  in  hight,  in- 
cluding the  pedestal.  The  latter  is  13  feet  hig^h, 
but  is  half  buried  in  the  alluvial  soil.  The  material 
is  a  coarse,  hard  breccia,  with  imbedded  chalcedo- 
nies. The  southern  figure  is  in  one  block.  The  north- 
ern one  was  broken  before  the  Christian  era,  and  was 
re.paired  with  sandstone,  in  five  pieces,  by  one  of  the 
Roman  emperors,  probably  Severus. 

The  colossi  of  antiquity  (Greek  and  Roman)  are 
enumerated  in  Smiths  "Dictionary  of  Greek  and 
Roman  Antiquities,"  p.  322. 

Col-rake  A  shovel  used  to  stir  lead  ores  while 
being  washe<l. 
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Colt'er.  A  knife  or  sharp-edged  bar,  usually  se- 
cured to  the  beam,  and  projecting  downward  in  front 
of  the  breast  of  a  plow.  Its  duty  is  to  make  the 
incision  in  the  soil  in  advance  of  the  share,  making 
a  vertical  cut  the  width  of  the  furrow-slice  which  is 
to  be  cut  below  by  the  share  and  turned  over  by  the 
mold-board.  In  the  West  it  is  usually  termed  a  cut- 
ter, the  term  ** colter"  being  applied  to  those  which 
extend  down  in  front  of  the  share  and  have  a  depres- 
sion in  the  rear  to  receive  a  lug  on  the  point  of  the 
share,  the  colter  being  continued  on  in  front  to  form 
the  entering-point.  The  colter,  in  this  ciise,  is  sup- 
ported in  the  rear  by  the  point  of  the  share  ;  in  the 
ordinary  mode  the  point  of  the  colter  projects  into 
a  notch  on  the  upper  edge  of  the  share,  and  is  sup- 
ported thereby.  Some- 
Fig:  1890.  times,  instead  of  passing 
through  a  slot  in  the 
b^m  and  being  secured 
by  a  wedge,  or  being  se- 
cured to  the  be>am  by  a 
shackle,  the  colter  is  bent 
at  right  angles,  and  its 
shank  slips  into  staples  on 
the  sheth,  resting  pamllel 
vrith  the  upper  e^ge  of  the 
land-side. 

The  ancient  plow  con- 
sisted of  a  beam  and  a 
colter,  the  latter  doing 
all  the  work,  instead  of 
being  merely  subsidiary  to  the  main  working  parts. 
The  colter  is  not  now  considered  a  necessary  part  of 
most  plows,  except  for  plowing  sod,  when  it  is  use- 
ful in  cutting  the  roots  and  enables  the  plow  to  do 
clean  work. 
The  word  is  from  the  Latin  cuUer,  a  knife.     Not 

all  knives  were 
Fig.  1891.  known  by  that 

name,  but  a 
heavy  descrip- 
tion with  a 
straight  edge, 
curved  back, 
and  sharp 
point. 

In  Fig.  1390 
the  colter  is 
shown  as  se- 
cured by  a  side- 
bar and  shackle. 
The  wheel- 
colter  in  Fig. 
1391  is  mount- 
Wheel' Colter.  ed  as  a  caster- 

wheel.     It  has 
long  been  employed  in  the  fen  lands  of  England. 

Coif  8  Pis^toL  A  revolving  pistol  first  patented 
by  Colt  in  1835,  and  perfected  in  1845.  See 
Revolver. 

Corum-ba'ri-tun.  1.  A  hole  left  in  a  wall,  for 
the  insertion  of  the  ends  of  a  timber ;  named  from 
its  resemblance  to  a  niche  in  a  pigeon -house. 

2.  A  niche  in  a  mausoleum  for  a  funereal  urn 
was  also  so  called. 

Co-luxn'bi-ad.  An  improved  gun  introduced  by 
Colonel  Bomford,  of  the  Ordnance  Corps,  United 
States  army,  about  1812.  It  was  made  proportion- 
ately thicker  at  the  breech  and  smaller  at  the  muzzle 
than  the  guns  theretofore  in  use,  and  was  the  pre- 
cursor of  the  Paixhau  gun  of  the  French  army 
(introduced  in  1822),  the  Dahlgren,  and  the  Rod- 
man. 
Co-lmn'bi-er.    A  size  of  drawing-paper  measur- 


ing 34^  X  23  inches,  and  weighing  100  pounds  to  the 
ream. 

Co-lmn'bi-tim.  A  rare  metal,  so  named  from 
having  been  first  discovere<l  in  America.  Now 
called  niobium.     Once  called  tantalum. 

Col'umn.  1.  {Architecture.)  A  vertical  support 
of  the  natui-e  of  a  pillar. 

It  usually  has  three  members,  —  the  capital,  ahu/t, 
and  base.  The  capital  has  an  abacus,  the  base 
frequently  a  plinth. 

Larly  Egyptian  columns  were  fluted.  The  Ionic 
volute  was  nx)m  Persepolis.  The  Doric  is  Egyptian. 
The  Corinthian  is  an  improvement  on  the  Egyptian. 
The  pediment  is  Grecian,  as  are  also  all  the  fine  and 
skillful  proportions  of  parts.  Ornamented  architraves 
are  from  the  land  of  the  Nile.  Figures  for  columns, 
resembling  the  Atlantes  and  Caryatides  of  the- 
O reeks,  are  found  in  old  Egypt. 

2.  (Printing.)  A  perpendicular  set  of  type  or 
printed  lines ;  usually 

said  of   matter  sepa-  Fijr  1892. 

rated  from  another  set 
or  bounded  b^"  a  ver- 
tical rule  or  Ime. 

3.  (Distilling.)  A 
vessel  containing  a 
vertical  series  of  cham  - 
hers  used  in  stills  for 
continuous  distilla- 
tion ;  such  as  Coffey's, 
in  which  the  two  col- 
umns are  known  as 
the  analyzer  and  the 
rectifier.  In  Fig.  1392, 
it  consists  of  a  series 
of  chambers  placed 
one  above  the  other, 
the  lower  one  commu- 
nicating with  the  ves- 
sel. Steamisadmitted, 
and  passes  up  through 
the  pipes  into  the 
chambers,  being  com- 

Eelled,  by  means    of 
ood.s,  to  descend  in 
its  passage,  and  enter 
the  chambers  beneath  the  surface  of  the  liquid  con- 
tained therein.  The  cham- 
ber   are    partially  filled 
from  above  with  the  liouid 
to  be  distilled,  the  pipes 
distributing    the    liquid 
from  the  fjojt  to  the  bottom 
chamber  of  the  series. 

4.  (Calico-printing.) 
Tlie  name  of  a  certain  de- 
scription of  steam  appara- 
tus by  which  steam  is 
applied  to  cloths  topically 
treated  with  a  mixture  of 
dye-extracts  and  mor- 
dants, in  oitier  to  fix  the 
colors. 

The  column  is  a  copper 
cylinder  44  inches  long 
and  5  inches  diameter, 
perforated  with  -j^th  inch 
holes,  at  distances  of  4 
inch.  Round  it  are  lapped 
a  few  folds  of  blanket, 
then  of  white  calico  ;  the 
goods  are  then  wound  on, 
the  pieces  being  stitched 
together ;  over  all  are  a  Cbhrnm-lMke. 


StiU  Column. 


Fig  1898. 
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few  thicknesses  of  white  calico.  The  column  is  then 
placed  vertically,  and  the  steam  admitted  to  its 
inside  is  emitted  through  the  holes,  saturating  the 
cloth  and  iixing  the  colors.  The  process  takes 
twenty  or  thirty  minutes. 

Coramn-lathe.  A  dentist's  or  watch-maker's 
lathe  on  a  vertical  extensible  post  to  accommodate 
an  operator  in  a  sitting  or  standing  posture. 

CoFunm-rale.  (PHnting.)  A  brass  slip  to 
separate  (X}lumns  of  type. 

Comb.  1.  {Toilet.)  An  instrument  with  a  row 
of  teeth  for  cleaning,  straightening,  and  aiijusting 
the  hair. 

Fig.  1894. 


Fig.  1885. 


I^yptian  Combs  ( TM>es). 

The  combs  of  ancient  Egypt  were  made  of  wooil 
or  ivory,  and  generally  double,  one  side  having  finer 
t«eth  than  the  other. 

The  Greeks  had  also  combs  with  two  rows  of  teeth 
like  oui*  fine-tooth  combs.  Such  have  been  found 
in  Pompeii.  They  and  the  Romans  used  combs 
(peclen)  of  boxwood  from  the  shores  of  the  Euxine. 

The  women  of  China  wore  ivory  combs  in  the 
ninth  century  a.  d.  The  comb  of  the  Patagonians 
and  Fuegians  is  the  jaw  of  a  porpoise. 

Combs  derive  their  names  from  pur][)ose,  form,  or 
material,  as :  — 


Horn -comb. 
India-rubber  comb. 
Ivory  comb. 
Metal-backed  comb. 
Kound-comb. 
Tortoise-shell  comb. 


Back -comb. 
Child's  round-comb. 
Dress-comb. 
Fine-tooth  comb. 
Folding-comb. 
Gutta-percha  cbmb. 
Hair-comb. 

A  comb  was  formerly  used  to  drive  up  the  woof- 
thread  to  compact  the  fabric  in  weaving.  It  remains 
in  the  modem  reed.  Combs  are  used  in  the  same 
manner  by  the  modem  Hindoos. 

Combs  for  removing  the  grain  from  the  straw 
(wheat  or  flax)  were  used  in  Egypt  and  in  Rome. 
See  Ripple. 

2.  A  rake-shaped  implement  consisting  of  a  head 
with  two  or  three  rows  of  tapering  steel  teeth,  the 
rows  being  of  different  lengths. 

T^etool  is  used  in  comhiiuj  long-stapled  wool  for 
worated  goods.  The  combs  are  used  in  pairs.  Short- 
stapled  wool  is  carded. 

The  combs  or  cards  for  wool-carding  are  shown  in 
the  illuminated  manuscripts  and  missals  of  the 
Middle  Ages,  so  called.  (See  Fig.  1395.)  A  pair  of 
cards  were  as  necessary  an  article  of  furniture  in  a 
house  as  a  distaff.  It  is  more  truly  a  pair  of  coinJbs 
than  of  cardSf  and  the  wool  is  evidently  lon*;- 
stapled.  This  would  be  indicated  by  the  pot  of 
hot  water  in  which  the  combs  are  placed. 

3.  The  serrated  doffing-knife  which  removes  the 
fleece  from  the  dofting-cylinder  of  a  carding-ma- 
chine. 


A  Lady  rarding  WooL 

i.  {Hat-i)iakiiig.)  The  former  on  which  a  flttce 
of  fiber  is  taken  up  and  hardened  into  a  hat.  Prob- 
ably from  coTUf  the  usual  shape. 

5.  A  steel  tool  with  teeth  jcorresponding  to  those 
of  a  screw,  and  used  for  chasing  screws  on  work 
which  is  rotated  in  a  lathe.     See  Chaser. 

6.  The  projection  on  the  top  of  the  liammer  of  a 
gun-lock. 

7.  The  notched  scale  of  a  wire-micrometer. 
Comb-broach    The  tooth  of  a  wool-comb. 
Comb-brush.    A  bmsh  to  clean  combs. 
Comb-cut'ter'8  Saw.    This  is  usually  a  double 

saw,  in  which  two  blades  are  affixed  to  one  stock, 
one  projecting  bayond  the  other,  and  the  less  salient 
acting  as  a  spacer  to  start  the  next  kert*. 

Another  comb-cutter's  saw  has  an  adjustable  slip, 
which  acts  as  a  gage  for  depth  of  kerf.  See  Comb- 
saw. 

Comb'er.  {Nautical.)  A  ledge  around  the  well 
or  passenger  portion  of  a  sail-boat  to  keep  back  spray 
ana  waves  which  **.comb"  over  the  deck. 

Comb-frame.  A  four-square  removable  frame 
like  a  slate-frame,  placed  in  a  hive  to  be  filled  with 
honeycomb. 

Com'bi-na'tion-at-taoh'ment.  {Sewing  -  ma- 
cfnjie.)  A  device  to  be  attached  to  the  sewing-ma- 
chine proper,  and  by  which  two  or  more  distinct 
classes  of  work  may  be  performed,  such  as  marking^ 
folding^  and  creasing  a  tuck  ;  a  guide,  hemiiiery  carder , 
VM^quilter.  See  "Sewing- Machine  Attachments," 
published  by  George  W.  Gregory,  Washington,  D.  C. 

Com'bi-na'tion-fase.  A  fuse  combining  the 
principles  of  time  and  percussion,  so  that  if  the  time- 
ruse  fails  to  explode  tne  shell  after  the  proper  in- 
terval, the  percussion  device  will  produce  this  effect 
when  the  shell  strikes. 

Comb'ing.  An  operation  in  the  worsted,  or 
long-wool  manufacture.  The  operation  of  straight- 
ening and  disentangling  wool ;  corresponding  in 
purpose  with  carding  of  short  wool. 

In  hand-combing,  the  work  is  done  between  two 
combs,  one  held  stationary  and  the  other  drawn 
over  it,  to  comb  out  the  lock  of  wool  placed  between 
them.  The  combs  have  a  number  of  steel  .spikes 
fixed  into  a  back,  and  are  occasionally  heated  in  a 
comb-pot.  The  short  fibers  which  are  combed  out 
are  called  noyls.     See  Fig.  1395. 

1  n  inachine-combing,  the  locks  are  fastened  to  two 
toothed  cylinder  which  revolve  in  apposition  to 
each  other,  and  are  heated  by  steam  within.  The 
teeth  of  one  cylinder  comb  the  fibers  on  the  other 
one. 

Comb-ma-chine'.  Bundy's  English  patent, 
October,  1797,  is  the  first  comb-making  machine  on 
record.  It  consisted  of  a  number  of  circular  saws 
on  a  mandrel.  The  comb-blank  is  mounted  on  a 
carriage  and  advanced  by  a  screw. 
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A  mode  of  muking  couiba  with  ocoiiomy  of  ma- 
terial was  invented  by  Ricketts,  liondon,  some 
years  since,  and  has  become  common.  A  slip,  a 
little  wider  than  a  comb,  is  placed  in  a  machine 
which  has  a  descending  cutter  of  peculiar  conforma- 
tion adapted  to  cut  through  the  tortoise-shell  or  honi 
by  a  series  of  tapering  cuts  which  foi-m  the  outlines 
of  the  teeth  of  a  pair  of  combs,  as  in  the  figure  {w)y  the 
teeth  of  one  comb  occupying  the  interdental  spaces 
of  the  other. 

Kelly's  **  Machine  for  making  Parted  Combs  "  has 
a  bed-plate  p  which  is  secured  by  screws  to  a  bench  ; 
from  the  bed -plate  rise  standards  u  which  8upi>ort 
an  axle  a  turned  by  a  winch  h.  On  the  axle  is  a 
crank  which  communicates  motion  by  the  collar  e  to 


Comb-Making  Machine, 


the  ami  ft,  to  whose  lower  side  the  cutter  is  attached. 
As  the  bar  works  up  and  down  in  the  guide  /,  the 
cutter  makes  its  incisions  in  the  tortoise-shell  ^, 
which  is  intermittingly  moved  so  as  to  be  advanced 
one  notch  between  each  descent  of  the  cutter. 

The  cutter  consists  of  two  sharp  blades  of  steel, 
diverging  from  each  other  so  as  to  give  the  required 
taper  to  the  tooth.  £ach  blow  cuts  one  tooth,  and 
by  severance  leaves  a  toc»th  on  the  twin  comb,  the 
respective  combs  being  parted  by  a  slight  pull  when 
the  cuts  are  all  made. 

In  the  sliding  bed  there  is  an  oi)ening  into  which 
a  heated  bar  b  put  to  keep  the  tortoise-shell  warm 
and  prevent  its  splitting. 

The  IkmI  is  advanced  between  each  pul- 
sation of  the  cutter  by  a  feed-screw  oper- 
ated by  a  spur-wheel  and  a  mutilated  gear 
on  the  wincn -shaft. 

a  m  are  brush-makers'  combs.   See  p.  597. 

Comb-pot.  A  stove  at  whicn  the 
combs  an^  warmed  in  the  operation  of  pre- 
paring long-stapled  wool  for  worsted. 

Comb-saw.  The  hand-saw  of  the  comb-  r-i 
cutter  is  called  a  sta4da,  and  has  two  blades,      t 
one  deeper  than  the  other  ;  a  gage  on  the  L_l 
saw-blade   determines   the   depth   of  cut. 
Some  of  the  saws  are  serrated  on  each  edge. 
The  blades  are  made  of  thick  steel,  and  are 
ground  away  on  the  edges  as  thin  as  the 
notches  of  the  comb.     They  have  about 
twenty  points  to  the  inch.     Between  the 
blades  is  a  thin  slip  or  tongue  of  metal, 
called  a  tmupietf   which   determines   and 


preserves  the  interval.  The  arrangement  of  the  two 
blades  secures  the  regularity  of  the  intervals,  as  the 
shallow  tooth  keeps  in  advance  and  sinks  the  tooth 
half-way,  while  the  deeper  tool  completes  the  former 
kerf.  The  form  and  mode  of  action  are  shown  at  a, 
by  c,  rf,  e.  Fig.  1397. 
The  files  of  the  comb-maker  are  called  by  specific 

6  Fig  13D7. 


C<nn^^•  Makers^  Saws  and  Files. 

names,  mostly  derived  from  the  French,  as  are  the 
operations.     They  are,  — 

/,  the  float ;  (/,  the  graille ;  h,  the  faund  ;  t,  the 
airlet;  y,  the  txjpper. 

The  files  are  of  the  description  called  fl^xUs ;  that 
is,  they  have  but  a  single  course  of  teeth,  and  in- 
cline forwaixi  at  about  15^  The  teeth  are  made 
by  a  file,  as  the  shape  is  not  readily  obtained  by 
chisel  and  hammer. 

'  The  floats  A:  Z  m  n  are  used  by  ivory-carvers  for 
the  handles  of  knives  and  in  the  preparation  of  works 
which  are  completed  by  scorpers  and  gravers. 

0  and  p  are  useil  as  inlaying  tools. 

In  the  comb-sawing  machine  (Fig.  1898)  the  car- 
rier, with  the  stock  from  which  the  comb  is  produced, 
receives  a  succession  of  movements,  each  advancing 
the  comb  the  distance  of  a  tooth's  width.  The  saws 
enter  and  recede  in  unison  with  these  movements. 

Fig.  1398. 
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aud  the  pointers  cut  uicks  as  Btarting-points  for  the 
saws,  which  act  subsequently. 

Com'et-seek'er.  A  cheap  equatorial,  with 
coarsely  divided  circles,  and  a  large  field  in  com- 
])arison  to  its  apeiiiure.  Its  name  suggests  its  use, 
aud  the  resultant  "find  "  is  subjected  to  the  more 
accurately  graduated  and  more  powerful  instruments 
of  comparatively  limited  fields. 

The  comet-seeker  of  the  Washington  Observatory 
was  made  by  Merz  and  Mahler,  of  Munich.  It  has 
an  object-glass  of  about  4  inches  in  diameter  and  a 
focal  length  of  32  inches.  Low  powers  are  used, 
that  it  may  embrace  a  large  field  and  collect  the 
greatest  possible  quantity  of  light.     It  cost  $  280. 

Com-mand'er.  1.  {Nautical,)  A  larce  wooden 
mallet,  used  in  the  sail  and  rigging  lofts  in  driying  the 
splicing-fid. 

2.  (ffat-making.)  A  string  on  the  outside  of  the 
conical  hat-body,  pressed  upon  it  down  the  sides  of 
the  block,  to  bring  the  body  to  the  cylindrical  form. 
Com-meno'ing-ham'mer.  The  hammer  of  the 
gold-beater  which  he  fii-st  uses  after  the  qitartiers  SLve 
placed  in  a  packet  with  interleaves  of  vellum.  It 
weighs  6  or  7  pounds,  and  has  a  slightly  convex  face 
4  inches  in  diameter. 

Com'miB-Bure.    (Mawnry.)    The  joint  between 
two  coui-ses. 
Corn-mode'.    A  night  closet  containing  a  cham- 
^  jggg  ber  vessel  or  nrinal, 

with  a  lid  and  means 
for  preventing  exha- 
lations of  fetid  odoi-3. 
The  commode  has 
usually  a  seat,  lid, 
and  stench-tight 
joint.  In  the  illus- 
tration^ the  covered 
j»ail  has  a  pan  for 
feces,  and  one  for  a 
disinfectant  which 
deodorizes  the  me- 
phitic  vapors.  See 
Earth-closet. 

Com'mon   Raf'- 
ters.   The  upper  raf- 
ters, holding  tne  cov- 
ering; in  contradis- 
tinction to  the  prin- 
eipal  rafters. 
C  o  m-mu'ii  i-o  a'- 
tion-valve.  (Steam.)  The  valve  in  the  steam-pipe 
leading  from  the  boiler  to  the  cylinder  of  asteani-engine. 
Com'mu-ta'tor.    ( Tclegrapky. )    An  instrument 
which  periodically  interrupts  an  electric  current. 

The  word  is  generally  used  as  a  synouyme  of 
Rheotrope. 

Sometimes  used  (in  Enf^land  especially)  as  a  name 
f^r  a  device  for  throwing  into  a  circuit  a  greater  or 
less  amount  of  the  force  of  a  battery. 

Occasionally  used  to  designate  a  device  for  direct- 
ing a  current  into  several  circuits  in  succession  ;  the 
current  being  through  only  one  circuit  at  a  time. 

It  seems  to  be  used  in  the  above  senses  b^  various 
standard  electricians,  but  they  all  agree  in  one  point 
in  their  use  of  it ;  i.  e.  that  there  is  clui^ige,  either 
of  direction,  strength,  or  circuit  of  the  current. 

Com-panlon.  A  wooden  covering  over  the  stair- 
case to  a  ship's  cabin.  A  companton-hatch.  The 
staircase  Is  the  companion-ladder  or  comfHtnion-ioay, 
Com-par'a-tenr.  A  Prussian  instrument  for 
accurately  acertaining  the  length  of  measures  after 
Bessel's  mode.  The  mici*ometer8  are  placed  on  a 
strong  mahogany  beam ;  and  the  slide,  which  carries 
the  two  measures'  to  be  compared,  is  so  arranged 


Onnmode. 


that  it  moves  them  exactly  behind  one  another  in 
the  micrometer  line,  and  there  retains  them. 

Com'pass.  1.  A  circumscribing  instrument,  or 
one  for  describing  arcs  or  measurers  lines. 

2.  An  instrument  for  determining  horizontal  direc- 
tion by  reference  to  a  poised  magnetized  needle. 
See  — 


Amplitude-compass. 

Azimuth-compass. 

Beam-compass. 

Bisecting-aividers. 

Bow-compass. 

Bow-j)en. 

Bow-pencil. 

Bullet-compass. 

Calipers. 

Circumfenmtor. 

Circumventor. 

Club-compass. 

Compass-CMjard. 

Compass-brick. 

Comimss-card. 

Compass-joint. 

Compass-needle. 

Compass- plane. 

Compass- roof. 

Compass-saw. 

Com  pass- tim  be  r. 

Com  pass- window. 

Cone-compass. 

Cutting-compass. 


Fluid -compass. 
Hair-dividers. 
Hanging-compass. 
Lengthening-oar. 
Magnetometer. 
Mariner's  compass. 
Millwright's  compass. 
Musical  compass. 
Napier's  compass. 
Oval  compass. 
Pencil-compass. 
Pillar-compass. 
Plain  compass. 
Planchet. 

Proportional  compass. 
Quadrant-compass. 
Kack-compass. 
Scribin^-compass. 
Self-registering  compass. 
Surveyor's  compass. 
Tell-tale  compa!ss. 
Transit. 

Triangular  compass. 
Tube-compass. 


Diamond-cutter's  compass.  Universal  compass. 
Dipping-needle.  Variation  compass. 

Dividers.  Volute  compass. 

Double  compass.  Whole-and-half  compass. 

Drawing-compass.  Wing-compass. 

Com^paaa-bar.  A  fixed  iron  ring  in  the  silver- 
from- lead-extracting  fuma^f  which  supports  tlu- 
test  or  cupel-hearth  in  place  in  the  reverberatory, 
where  the  process  is  can-ied  on.     See  Silver- from - 

LEAD-EXTRAOTINO   FUUNACE. 

Com'pafla-4;>oard.  The  hole-board  of  the  loom 
for  fancy  weaving.  It  is  an  upright  board  of  the 
loom  through  which  pass  the  neck -twines. 

Com'paas-brick.  A  brick  with  a  cur%'ed  face, 
suitable  for  wells  and  other  circular  work. 

Com'pasa-oard.  The  card  of  a  mariner's  com- 
pass on  which  the  jwints  are  drawn.  It  is  usually 
attached  to  the  needle,  aud  is  read  with  reference  to 
a  mark  which  represents  the  ship's  head. 

Com'paBB-es.  A  two-legged  instrument  for 
mea.suring  distances,  or  for  describing  arcs  or  circles. 

The  compass  was  a  common  im- 
plement among  the  carpenters  and 
masons  of  ancient  times.  The  non- 
sen.se  about  its  invention  by  Per- 
dix,  the  nephew  of  Diedalus,  and 
the  consequent  hurling  from  the 
temple  of  Athena  by  his  envious 
uncle,  is  rather  absurd,  considering 
the  condition  of  austral  and  orient- 
al architecture  for  several  thousand 
years  then  \y&st.  Nepoticide  was  | 
common  enough,  however. 

The  cut  is  from  a  Roman  tomb, 
and  shows  the  compass,  calipers, 
plumb,   nile,   square,  .mallet  and  chisel. 

That  the  compass  was  known  to  the  Egyptians 
cannot  l)e  doubted.  It  cannot  be  necessary  to  cite 
jmrticular  instances  of  its  evident  use  in  architecture 
and  drawing.  The  tombs  of  Beni  Hassan,  about 
1706  B.  c,  and  Thebes,  about  1600  b.  c,  are  full 
of  illustrations,  both  in  their  own  construction*  and 
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their  mural  ornaments,  of  the  uses  of  the  commss. 
While  the  dates  of  the  Egyptian  monuments  nave 
not  been  ascertained  beyond  2100  B.  c,  or  therea- 
bouts, all  will  admit  that  the  monuments  of  Osy- 
maudyas  were  made  by  a  nation  that  had  been  m 
process  of  development  for  many  centuries.  So  the 
compass  was  in  use  in  Ej^ypt  many  hundred  yearrs 
before  Cecrops  and  his  brother  Egyptians  left  their 
native  country  and  gave  the  first  taste  of  arts  to 
ancient  Attica. 

Several  compasses  were  discovered  at  Hercula- 
neum  (overwhelmed,  a.  d.  79),  and  among  the  num- 
ber was  a  pair  of  reducing-compHsses.  See  Bow- 
PEN  ;  Dividers  ;  also  list  under  Compass. 

Com'paas-joint  A  form  of  joint  usual  in  com- 
imsses  in  which  one  leg  hns  a  circular  disk  or  two, 
clamped,  between  other  disks  belonging  to  the  fel- 
low leg. 

Com'pafls-nee'dla  The  polarized  bar  wluch  is 
suspended  so  as  to  assume  a  direction  resulting  from 
the  earth's  magnetism.  There  are  several  ways  of 
suspending  the  needle.  Sec  Mauineh's  Compass  ; 
Dip-coMPAss ;  Magnetometkr. 

Com'pass  of  the  Fig'are  8.    A  double  cali- 
))ers,  measuring  witli  one  pair  of  branches  and  giving 
the  measure  with  the  other.    See  Calipers. 
Com'peiBS-plane.    A  plane  with  a  curved  face, 
used  to  work  on  concave  sur- 
Flg.  1401.  faces.    The  illustration  shows 

several  fonns,  and  also  some 
hollows  and  rounds  also  com- 
pass-shaped. An  ordinary 
smoothing-plane  is  also 
shown,  whose  sole  is  non-con- 
formable to  the  surface  under 
treatment. 

Com'pasB-roo£    A  bent 
rafter  or  curb  roof. 
Compass-Fumes.  Com'pass-Saw.     A    saw 

with  a  narrow  blade,  adapted 
to  mn  in  a  circle  of  moderate  radius.  By  a  rotation 
of  the  hand  it  is  constantly  swerved,  and  its  Arcr/ al- 
lows it  some  play,  so  that  it  cuts  in  r  curve.  It  is 
usually  thick  enough  on  the  cutting-edge  to  run 
without  any  set.  The  blade  is  an  inch  wide  next  to 
the  handle,  tapers  to  one  quarter  inch  at  the  point, 

PIg.1402. 


Compass- Saw 

and  has  five  teeth  to  the  inch.  Otherwise  known  as 
a  Frct-saw  ;  Lock-saw  ;  Key-hole  Saw. 

Com'pass-tim'ber.  Naturally  crooked,  curved, 
or  an;hed  timber  for  ships'  frames,  to  secure  deck- 
beams  to  the  frames,  etc. 

Com'paas-'win'do'W.  (Carpentry.)  A  circular, 
bay,  or  oriel  window. 

Com'pen-sa'tion  Bal'anoa  A  balance-wheel 
for  a  watch  or  chronometer,  so  constructed  as  to 
make  isochronal  beats,  notwithstanding  changes  of 
temperature. 

It  was  invented  bv  Harrison,  of  Foulby,  England, 
who  devoted  himself  for  a  long  series  of  years  — 
1728-1701  —  to  the  discovery  of  a  mode  of  overcom- 
ing the  change  of  rate  due  to  the  expansion  and 
contraction  oi  the  balance. 

The  compensation  pendulum  requires  but  one  ad- 
justment, to  maintain  the  center  of  gravity  at  an 
equal  distance  at  all  time^  from  the  axis  of  oscilla- 
tion. The  com})rn3atum  balance  is  subject  to  two 
variations,  —  one  owing  to  the  expansion  and  con- 
traction, by  variations  of  heat,  of  the  balance  itself, 
causfng  it  to  go  slower  or  faster  as  the  case  may  be  ; 


the  other  owing  to  the  expansion  and  contraction  of 
the  bala7ux  spring,  which  is  rendered  more  rigid  by 
cxild  and  lens  rigid  when  expanded  by  heat,  thus  exert 
ing  a  variable  effect  under  variations  of  temperature. 

Harrison  was  the  inventor  of  the  gridiron  com- 
|)ensation  pendulum  for  clocks,  which  depends  for 
Its  action  upon  the  une(|ual  expansion  and  contrac- 
tion of  different  metals  by  given  degrees  of  heat. 
In  the  search  of  a  mode  of  giving  an  even  rate  to 
the  balance-wheel  of  a  watch,  he  first  applied  his 
combined  steel  and  brass  to  the  ctirb  of  the  n*gula- 
tor,  so  that  the  spring  became  lengthened  or 
shortened  in  a  degree  sufficient  to  compensate  for 
its  own  change  of  tension,  and  also  for  trie  changed 
diameter  of  the  balance. 

The  curb  of  the  regulator  has  two  pins  which  em- 
brace the  hair-spring  or  recoil-spring  of  the  balance, 
and  determine  the  length  of  the  spring  involved  in 
the  action.  When  a  longer  portion  is  allowed  to 
play,  the  beat  is  slower,  and  conversely. 

The  English  government  in  1714  offered  a  reward 
of  £20,000  for  the  discovery  of  a  correct  inotle  of 
ascertaining  the  longitude  at  sea.  Harrison  made 
four  time-pieces  within  the  years  above  cited,  and 
in  1764  and  following  years  reanved  £24,000  for 
his  improvements.  (See  Chronometer.)  The  special 
point  of  nove\ty  was  the  compensation  balance, 
which  was  constructed  to  run  at  an  equal  rate  under 
changes  of  temperature.  It  is  formed  of  two  metals, 
in  the  following  manner  :  —  (For  illustration,  see 
Chronometer.) 

A  ring  of  steel  is  made  with  a  bar  across  the 
middle  ;  outside  this  ring  is  a  ring  of  brass,  finnly 
brazed  to  it ;  both  rings  are  cut  through  at  points 
diagonally  opposite  each  other  on  opposite  sides  of 
the  cross-bar,  and  a  few  screws  with  heavy  heads 
are  set  in  various  places  near  the  end  of  each  portion 
of  the  cut  ring ;  consequently,  as  the  elasticity  of 
the  chronometer  spring  is  diminished,  and  the  size 
of  the  balance  itself  is  increased,  by  an  increase  of 
temiMjrature,  the  out(»r  brass  ring  of  the  balance  is 
expanded  more,  than  the  inner,  steel  one,  bending 
the  ends  of  the  two  combined  rings,  with  their  at- 
tached screws,  inward,  toward  the  center  of  gravity 
of  the  balance,  and  causing  it  to  make  an  equal  num- 
ber of  pulsations  with  a  lesser  force ;  the  object 
being  to  so  compensate  the  decreased  force  of  the 
spring  by  the  decreased  inertia  of  the  balance,  that 
tne  number  of  its  vibrations  shall  be  equal  under  all 
variations  of  temperature  ;  the  balance  compeusatim; 
for  its  own  contraction  and  expansion,  and  for  in- 
equalities in  the  effectiveness  of  the  balance-spring. 
Tne  peripheral  contraction  or  expansion  under  in- 
crement or  decrement  of  temperature,  respectively, 
is  due  to  the  unequal  expansion  or  contraction  of 
the  metals,  steel  and  brass,  under  changes  of  tem- 
perature ;  the  same  differential  expansion  or  con- 
traction that  would  cause  them,  if  brazed  together 
so  as  to  be  straight  at  a  given  temperature,  to  bend 
in  one  direction  or  the  other  when  exposed  to  an  at- 
mosphere above  or  below  that  temperature. 

The  proper  adjustment  of  the  screws  is  a  matter 
of  great  Importance,  requiring  much  nicety  ;  it  be- 
ing necessary  to  make  repeated  trials  at  different 
temperatures,  and  can  therefore  only  be  done  in 
winter  or  by  means  of  freezing  mixtures  ;  thus  ren- 
dering this  compensation  a  tedious  as  well  as  expen- 
sive operation.  The  ultimate  tests  and  rating  are 
usually  performed  at  government  observatories. 

Com'pen-sa'tion  Pend'o-lum.  A  pendulum  so 
arrangetl  as  to  preserve  the  center  of  gravity  of  the 
bob  at  a  constant  distance  from  the  axis  of  suspen- 
.sion,  notwithstanding  changes  of  temperature. 

The  principal  compensating  pendulums  are,  — 
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The  gridirou,  by  Harrison. 
The  mercurial,  by  Graham.     See  Pendulum. 
Com'pen-sa'tor.    1.  {Nautical.)    An  iron  plate 
placed  near  the  compass  on  board  iron  vessels,  to  neu- 
tralize the  effect  of  the  local  attractioYi  upon  the  needle. 
2.  (Gcu,)     A  device  to  equalize  the  action  of  the 
exhauster  which  withdraws  the  gas  from  the  retorts. 
Should  the  exhauster  be  driven  so  fast  as  to  reduce 
the  pressure  on  the  retorts  below  the  desii'ed  point, 
the  diminished  pressure  will  act  upon  the  elastic 
plate  and  cause  the  motion  of  a  valve  which  allows 
the  gas  to  pa.ss  back  towards  the  retorts.    The  com- 
pensating device  is  similar  to  that  of  a  gas-regulator, 
out  the  application  is  special  for  the  purpose  stated. 

Com'po.   A  con- 
Fig.  1403.  Crete  or  mortar. 

Com-poB'ing- 
frame.  Tlie  stand 
on  which  the  print- 
er's cases  rest. 

Com-poB'ing- 
ma-ohine'.  A  ma- 
chine in  which  type 
are  set  up.  See 
Typk-hettino  Ma- 
chine. 

Com -posting - 
stand.  A  frame 
holding  the  print- 
er's cases.  (Fig. 
1403.)    See  Case. 

Com-poB'ihg- 
stick.  A  metallic 
frame  to  contain 
type,  with  one  open 
side  and  one  adjust- 
able end,  which  is  moved  out  or  in  to  adapt  it  to  the 
width  of  a  column.     In  it  the  type  are  composed 
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and  justified,  and  from  it  they  are  transferred  to  the 
galley. 

Com-pOB'ite.  {Shipbuilding. )  A  vessel  having 
a  wooden  skin  on  an  iron  frame-work.  Jonlan's 
system,  English  patent,  1849,  is  as  follows  :  — 

The  whole  outer  skin,  including  keel,  stem, 
stem -post,  and  planking,  is  of  wood,  arranged  as  in 
the  skin  of  an  oniinary  wooden  ship  ;  and  the  fi-ame- 
work  inside  the  skin,  including  frames,  beam-s 
keelson,  stringers,  shelf-pieces,  water-ways,  hooks, 
transoms,  diagonal  braces,  etc.,  is  of  iron,  arranged 
nearly  as  in  an  ordinary  iron  ship.  Tables  of  rules 
for  sizes  of  the  different  parts  are  given  in  the  ap- 
pendix to  the  third  division  of  the  folio  work  on 
"Shipbuilding,"  by  Messrs.  Watt,  Rankin,  Bames, 
and  Napier.     Mackenzie,  London,  1866. 

Certain  variations  are  found  in  composite  building. 

Bettely  introduced  trough-shaped  or  "channel 
iron  "  for  the  frames. 

Mac Laine's  system  consists  of  an  inner  .skin  of  iron 
and  outer  .skin  of  wood,  on  an  ordinary  iron  frame. 

Heni's  system  :  ,an  inner  skin  of  iron  to  which  are 
riveted  transverse  iix^n  frames  of  a  Z-shaped  section. 
The  angles  of  these  frames  are  filled  up  solid  with 
woo<l,  and  an  outer  wooden  skin  covers  the  whole. 

Captain  Skinner's  system  :  an  iron  frame  imbed- 
ded between  two  wooclen  skins. 


Fig  1406. 
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Feather's  system  :  wooden  bottom  and  iron  top- 
sides.  The  iron  frames  terminate  at  their  lower 
ends  in  broad  forks  or  saddles,  which  sit  upon  and 
are  fastened  to  the  wooden  parts  of  the  sides. 

Com-pos'i-tor.    See  Type-setting  Machine. 

Com'pound  Arch.  An  arch  which  has  the 
archivolt  molded  or  formed  into  a  series  of  square 
recesses  and  angles,  and  practically  consisting  of  a 
number  of  concentric  ar<;hways  successively  placed 
within  and  behind  each  other. 

Com'pound  azle.  One  consisting  of  two  parts 
joined  by  a  sleeve  or  other  locking  device.   See  Axle. 

Com'pound  Bat'ter-y.  A  Voltaic  battery, 
consisting  of  several  pairs  of  plates,  developing  a 
cumulative  effect.     See  Galvanic  Battery. 

Com'pound  Mi'cro-acope.  A  microscope  made 
up  of  a  combination  of  lenses  arranged  in  a  tube. 
See  Microscope. 

Com'pound  Pier.    A  clustered  column. 

Com'pound  RaiL  A  rail  made  of  several  por- 
tions with  a  longitudinal  joint,  avoiding  the  trans- 
verse joint  across  the  rail  whereby  the  jarring  is 
occasioned.     A  continuous  rail. 

The  term  may  also  be  applied  to  several  forms  of 
rails  which  consist  of  a  number  of  portions  bolted 
or  keyed  together. 

Com'pound  Rest.  {LatJie.)  The  tool-carrier 
of  an  engiue-lathe,  moved  longitudinally  (along  the 
work)  by  the  leading -screw  ^  actuated  by  the  feed  ; 
and  transversely  (to  or  from  the  work),  by  its  own 
feed-screw. 

Com'pound  Screw.    Two  or  more  screws  on 
the  same  axis.     When 
the  pitch  of  the  respec- 
tive   screws    varies,    it 
forms  a  differential  screw  x;ix^^r— i^^ — \^ 
(a)  ;   when  they  run  in  \X.^jS^m     BSSSa     DR 
different  directions,  it  is  VyV^ — f        1 — I 
a  right  and  left  screw  {b). 

Com'pound  Steam-  i, 

en'gine.     {Steam.)     A  ^-'J^  ^  g=^ 
form     of     steam-engine  ({      )n_yA_y(_\0     yj 
originally    patented    by  vs_  ^rTirrJ— -^ 
Homblower  in  1781,  in 
which  steam  at  a  rela- 
tively   greater    pressure  Compound  Screws. 
was  allowed  to  expand 

in  a  small  cylinder,  and  then,  esca])ing  into  a  larger 
cylinder,  to  expand  itself  against  a  lai^er  piston.  As 
steam  was  a|iplied  in  his  dav  at  so  very  small  a  press- 
ure, the  particular  value  of  the  idea  was  not  developed 
until  Trevethick  and  Woolf  used  a  high  pressure  in 
the  first  cylinder  with  expansion  into  a  larger  one. 

Trevethick  applied  hign-pressure  steam  to  Watt's 
ordinary  single  cylinder  or  Cornish  engine,  while 
Woolf  revived  and  modifieil  Homblower's  engine, 
and,  by  working  it  with  high-pressure  steam,  ob- 
tained results  far  beyond  those  of  the  original  in- 
ventor. Woolf's  firet  engine  was  erected  at  Meux's 
brewery  in  1806.  He  took  up  his  residence  in  Com- 
wall  about  1813,  where  he  astonished  the  Comish 
engineers  with  the  results  obtained,  but  ultimately 
they  found  that  high-pressure  steam,  applied  to  the 
single-cylinder  engines,  produced  equally  good  results 
at  the  ordinai-y  pressui-es  when  used  exjiansively. 

Compound  engines  are  of  two  classes,  which  may 
be  called  combined  and  independent  compound  en- 
gines. The  former  are  those  in  which  the  cylinders 
are  near  each  other,  and  the  pistons  commence  their 
resfiective  strokes  simultaneously  or  nearly  so,  the 
steam  expanding  from  one  cylinder  direct  to  the 
other  through  as  small  a  passage  as  convenient.  To 
this  class  belong  most  land  engines,  and  the  com- 
pound marine  with  cranks  at  about  130".     In  inde- 
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nimdeut  compouud  engines,  the  cylinders  need  not 
be  near,  ahd  the  pistons  need  not  —  generally  do 
not  —  make  their  strokes  together  ;  their  distinctive 
feature  being  that  the  steam  passes  from  one  cylin- 
der to  a  receptacle  which  may  be  as  large  as  con- 
venient, and  that  from  this  the  lai-ge  cylinder  takes 
its  steam.  To  this  class  belong  many  condensing 
land  engines,  furnished  with  auxiliary  high-pressui-e 
cylinders,  and  the  comjiound  marine  engines  with 
cranks  at  right  angles.  See  Doublk-cylinder 
Steam-engine  ;  Duplex  Steam-engine. 

Com'preas.  1.  A  pledget  of  tow,  folded  linen, 
or  lint,  to  press  ppon  any  pnrt  to  stop  bleeding, 
arrest  circulation,  or  for  other  purpase. 

2.   A  machine  for  re-pres.sing  cotton  bales. 

Com-preMed'-air  Ba'f^e,  One  driven  by 
the  elastic  force  of  compressed  air.  Its  construction 
is  usually  like  that  of  a  steam-engine,  the  force  of 
the  expanding  air  being  exerted  against  a  ])istou  in 
a  cylinder. 

An  air-compressing  machine  for  the  service  of 
such  an  engine  was  built,  previously  to  1856,  by 

Fig.  1406 


Cdrrtpressed-Air  Engitu. 

Randolph,  Eliot,  &  Co.,  of  Glasgow,  Scotland,  for 
Govan  Colliery,  near  that  city,  and  was  described  in 
the  proceedings  of  the  Institution  of  Mechanical 
Engineers  at  Glasgow.  It  was  used  to  condense  air 
to  work  an  ordinary  high-pressure  engine  at  the 
lower  shaft  of  the  mine.  It  was  held  by  those  who 
were  familiar  with  the  construction  and  working  of 
the  engines,  that  a  more  valuable  effect  would  have 
resulted  from  working  the  air  ex|>ansively,  cutting 
off*  at  one  third  stroke  and  expanaing  down  to  the 
atmospheric  pressure.  A  valuable  feature  developed 
in  this  connection  was  the  low  temperature  of  the 
escaping  and  expanding  air,  which  was  very  salu- 
brious in  a  mine  whose  temperature  varied  from  80' 
to  90*  F.  The  apparatus  had  been  in  use  six  years 
without  requiring  any  repair  beyond  the  replacement 
of  some  of  the  valve-cages. 

The  air-main  was  of  the  area  of  the  working  cyl- 
inder, and  the  difference  in  pressure  at  the  two  en- 
gines was  only  one  pound  in  favor  of  the  upper  one. 

Fig.  1406  is  a  vertical  section  of  the  compressing 
engine,  in  which  the  steam-cylinder  (7  is  15  inches 


in  diameter,  with  a  stroke  .of  3  feet ;  it  drives  two 
condensing  air-pumps  F  P  which  work  alternately, 
one  on  each  side  of  the  beam  center,  delivering  the 
air  into  the  center  reservoir  N  N,  from  which  it 
passes  into  the  main  pipe  if.  The  beam  is  connected 
at  the  other  end  to  a  crank  and  fly-wheel  F,  for  the 
purpose  of  equalizing  the  motion. 

Tne  air-pumps  i*  7*  are  21  inches  in  diameter, 
with  a  stroke  of  18  inches  ;  they  are  placed  inverted, 
with  the  piston-rods  jiassing  out  below,  where  the 
stuffing-boxes  are  not  exposed  to  the  pressure  of  the 
compressed  air,  and  are  worked  with   cross-heads, 
sliding  in  vertical  guides  by  means  of  side  rods  from 
the   l5am.     The  air-pumps  are   fitted   with    ball- 
valves,  of  which  there  are  three  sets  to  each  pump, 
each  set  consisting  of   44  brass  balls,  2  inches  in 
diameter,  arranged  in  three  concentric  rings.     The 
balls  are  confined  by  separate  cages  to  a  lift  of  ^ 
inch.     A  stratum  of  water  supplied  by  a  pump  IV 
covers  the  piston  valves,  and  tne  delivery  and  inlet 
valves,  through  which  all  the  air  has  to  pass.     The 
water  flows  from  the  central  reservoir  through  the 
small  pipes  0  0  into  each  of 
the    air-pumps    during    the 
periods    of    their    downward, 
strokes.    The  surplus  water  is 
dischai^ed    at    each     upward 
stroke   through  the  deliver}- 
valves,     keeping    them    also 
covered  with  water. 

The  compressed-air  engine 
at  Ai-dsley  Colliery,  England, 
travels  npon  wheels  and  is 
pushed  to  its  work  by  hand. 
A  steam-engine  at  the  surface 
compresses  air  to  a  pressure  of 
from  50  to  60  pounds  to  the 
Br|uare  inch,  and  the  air  is 
conveyed  by  metallic  tubes  to 
the  bottom  of  the  mine,  and 
by  a  caoutchouc  tube  to  the 
engine.  It  undercuts  3  feet 
k  deep  and  160  feet  long  in  8 
7  hours. 

[     One   of  the   Mount    Cenis 
-'Tunnel    air -compressors,    in- 
vented   and    constnicted    by 
Sommeillenr,   and   placed    at 
Bardonneche,  the  Italian  end 
of  the  tunnel,  is  represented 
by  a  vertical  longitudinal  sec- 
tion   on    the   page   opposite. 
The  description  is  condensed  from  the  report  of  Dr. 
F.  A.  P.  Barnard,  United  States  Commissioner  to 
the  Paris  Exposition. 

The  compifssors  operate  by  applying  the  living 
force  of  a  lai^e  column  of  water  descending  in  an  in- 
clined tube  A,  to  drive  a  body  of  confined  air  into  » 
receiver  B^  within  which  there  is  maintained  a  coi 
stant  pressure  of  six  atmospheres  by  means  of  an  hy 
draulic  head.  Each  com  pressing-engine  is  an  invert- 
ed siphon,  having  the  long  arm  A  inclined  and  the 
short  arm  C  vertical.  The  puppet-valve  D  is  for 
the  purpose  of  regulating  the  penods  of  motion  and 
rest  of  the  contained  water  column. 

The  short  arm  0  of  the  siphon  is  the  chamlier  into 
which  is  introduced  the  air  to  be  compressed.  At 
its  upper  extremity  it  communicates  by  a  valve  E 
with  tne  receiver  B  of  compressed  air.  This  valve 
is  kept  closed  by  the  pressure  of  the  air  in  the  iv- 
ceiver,  so  long  as  the  pressure  beneath  it  is  less,  hut 
when  the  air  iMMieath  attains  by  compression  the 
same  tension  as  that  already  in  the  receiver,  the 
valve  opens  and  the  new  charge  enters. 
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The  compression-chamber  0  receives  its  successive  | 
chaif||es  of  air  from  the  atmosphere  by  valves  F^ 
opening  inward.     It  is  freed  from  water  after  each  i 
pulsation  or  act  of  compression,  by  means  of  another  ; 
valve  G,  which  opens  at  a  level  somewhat  above  the 
bend  of  the  siphon,  so  that  the  bend  itself  and  the 
long  arm  remain  always  full  of  water,  the  overflow 
at  F  being  discharged  through  the  canal  H. 

The  action  of  the  machine  is  as  follows :  —  The 
air-chamber  G  being  full  of  air  at  the  ordinary 
density  of  the  atmosphere,  the  great  valve  D  in  the 
inclined  pipe  A  is  opened,  and  the  water  rashes 
through  the  short  bend  into  the  chamber  C,  com- 
pressing the  air  before  it,  and  finally  driving  it 
through  pipe  S  into  the  receiver  B.  The  water  tneu 
comes  to  rest,  the  supply  valve  D  closes,  the  dis- 
charge valve  G  opens,  tne  water  escapes  at  H^  and 
a  new  charge  of  air  enters  at  F, 

L  is  the  motive  lever  of  the  feed-valve,  M  the 
motive  lever  of  the  discharging-valve.  P  is  the 
gearing  by  which  the  proper  correspondence  of 
motion  between  the  respective  valves  is  secured.  R 
is  the  engine  which  operates  the  gearing  /*,  and  in- 
termediately the  valves  D  G. 

The  difference  of  level  between  the  head  of  the 
driving  column  of  water  and  the  point  of  discharge 
is  85.25  feet.  The  diameter  of  the  tube  is  23.56 
inches,  and  the  hight  of  the  air-chamber,  measuretl 
from  the  level  of  discharge  at  bottom  to  the  valve 
opening  into  the  recipient  at  top,  is  47.12  inches. 
Tnese  measurements  would  give  for  the  total  ca- 
pacity of  the  air-chamber  39.9  cubic  feet ;  and  this 
is  the  maximum  charge  which  the  machine  is 
capable  of  compressing  at  a  single  impulse.  The 
chai^  actually  compressed,  however,  is  less  than 
this,  and  is  determined  by  the  condition  that  the 
resistance  which  it  opposes  to  the  driving  force, 
during  its  compression  and  subsequent  passage  into 
the  recipient,  snail  exhaust  this  force  exactly,  with- 
out excess  or  deficiency.  In  case  the  resistance  is 
in  excess,  a  portion  of  the  air  will  fail  to  pass  into 
the  receiver  and  so  be  lost.  In  case  it  is  in  defi- 
ciency, a  portion  of  the  motive-power  will  be  use- 
lessly expended,  and,  moreover,  the  column  of  water 
will  strike  the  top  of  the  air-chamber  with  violence, 
and  may  damage  the  machine.  The  practical  ad- 
justment of  the  bulk  of  the  charge  to  the  power  of 
the  engine  is  attained  by  a  tentative  jn-ocess,  a  series 
of  small  valves  /  being  adapted  to  the  side  of  the 
air-chamber  in  a  vertical  row,  through  which  the 
air  can  escape,  but  which  the  air  by  its  inertia  closes 
successively  as  it  rises.  If,  in  a  series  of  experi- 
ments, these  valves  be  secured  one  after  another, 
beginning  at  the  top,  the  charge  of  air  will  be 
ffr^ually  increased,  until  at  length  it  is  found  to 
have  the  volume  required. 

There  were  at  Bardonneche  ten  of  these  compressors 
constantly  at  work,  each  one  making  three  impulses 
per  minute,  or  4,320  per  day.  If  the  chaise  at  each 
impulse  were  equal  to  the  capacity  of  the  air-cham- 
ber, the  total  volume  of  air  compressed  daily  would 
be  1,723,204  cubic  feet.  It  appears  that  the  volume 
ai».tually  compressed  amounted  to  only  826,020  cubic 
feet,  so  that  the  charge  in  the  compressor  was  but 
about  19  cubic  feet  at  each  impulse. 

The  power  of  such  a  compression  machine  is  equiv- 
alent to  that  which  would  be  generated  by  the 
descent  of  a  vertical  column  of  water  85.25  feet  in 
length  and  23.56  inches  in  diameter  through  a 
space  of  47.12  inches  three  times  per  minute  through 
the  day.  The  calculation  shows  that  this  would  a 
little  exceed  18-horse  power.  The  whole  ten  of 
the  compressors  fumishetl,  accordingly,  180-horse 
power. 


The  power  employed  is  actually  capable  of  com- 
pi-essing  1,195,258  cubic  feet  daily,  to  a  bulk  under 
the  pressure  of  six  atmospheres  of  305,350  cubic 
feet,  becoming  by  subsequent  conti-action  201,210 
cubic  feet.  Hut  the  amount  actually  compi-essed  was 
only  826,020  cubic  feet  daily,  giving  ultimately 
137,670  cubic  feet  of  compressed  air  at  the  normal 
temperature.  This  represents  a  compressing  force 
of  only  125-horse  ^lower,  being  less  by  55  than  the 
theoretic  force  of  the  compressors. 

The  137,670  cubic  feet  at  the  pressure  of  six  at- 
mospheres are  capable  of  producing  an  amount  of 
work  hardly  equivalent  to  75-horse  power.  There 
was  therefore  a  loss  at  Bardonneche,  from  causes 
known  and  unknown,  equal  to  seven  twelfths  of  the 
hydraulic  force  employea. 

The  same  hydraulic  power,  or  an  equivalent  steam 
power,  would  probably  be  applied  more  effectually 
m  compressing  air  by  means  of  pumps,  than  in  the 
method  above  described.  This  the  engineers  them- 
selves appear  to  have  tacitly  admitted,  by  intro- 
ducing pumps  at  the  northern  entrance' of  the 
tunnel. 

The  success  of  the  Mont  Cenis  tunnel  and  the 
progress  of  the  Hoosac  have  settled  the  question  of 
the  availability  and  economy  of  the  system  of  trans- 
mission of  compressed  air  by  pipes.  The  cooling 
and  ventilation,  as  has  been  already  remarked,  aiv 
important  auxiliaries.  The^  Hoosac  Mountain  is 
being  daily  piei-ced  at  either  end  about  five  feet,  by 
means  of  rock  drills,  using  compressed  air  as  a  mo- 
tor. The  practice  at  Mont  Cenis  carried  air  at  50, 
60,  and  70  pounds  to  the  squaro  inch  4  miles  in 
pipes  of  8  and  10  inches  diameter,  and  at  Hoosac 
tunnel,- Massachusetts,  air  was  carried  at  60  and  65 
pounds  to  the  square  inch  1 1  miles  with  little  or 
no  lass.  There  ai*e  other  instances  of  long  con- 
ducts, in  pipes  from  1  inch  to  8,  9,  and  10  inches. 
Near  Maucn  Chunk,  Pennsylvania,  a  railroad  tun- 
nel is  being  driven,  or  has  been  completed,  under 
a  mountain  by  the  same  agency. 

Tlie  piers  for  Roebling's  East  River  Bridge,  and 
those  for  Eads's  Illinois  and  St.  Louis,  are  sunk 
by  the  .aid  of  compressed  air  conveyed  in  tubes. 

Locomotives  have  been  driven  by  means  of  air 
compressed  into  reservoirs,  and  are  briefly  referred 
to  in  the  article  on  Aih-enoine.  One  of  these  was 
invented  by  Bompas  (English  patent,  1828).  On 
the  frame  of  the  locomotive  were  two  tanks  which 
were  charaed  with  compi-essed  air  by  stationary  en- 
gines at  the  depots  and  way-stations.  The  air  oper- 
ation was  substantially  similar  to  that  of  a  steam- 
engine,  the  air  being  admitted  from  alternate  reser- 
voirs to  the  sides  of  the  pistons  with  which  the  said 
reservoirs  respectively  communicate.  The  piston- 
rod  is  connected  in  the  usual  manner  with  the  crank 
and  driving-shaft.  An  engine,  similar  in  most  ma- 
terial i-espects  to  the  above,  was  made  by  Baron  von 
Rathlen,  in  1848,  and  was  driven  by  its  air  motor 
from  Putney  to  Wandsworth  (England),  at  the  mte 
of  ten  or  twelve  miles  per  hour. 

Parsey,  in  1847,  invented  an  engine  of  this  char- 
acter in  which  a  large  reservoir  A  was  secured  to  a 
frame  mounted  on  wheels.  In  this  reservoir  the  air 
was  compressed  to  as  great  an  extent  as  was  compat- 
ible with  safety,  and  was  emitted  ^dually  into  the 
chamber  B,  where  it  exf)anded  to  its  working  press- 
ure. This  emission  is  i-egulated  automatically  by  a 
plunger  in  a  tube  passing  through  the  roof  pf  the 
chamber  B.  Above  the  plunger  is  a  spring  which 
}delds  to  the  normal  or  working  pressure  of  the  air 
in  the  chamber  B ;  but  when,  owing  to  the  withdraw- 
al of  air  to  the  working  cylinder,  the  pressure  in  the 
chamber  is  relaxed,  the  spring  depresses  the  plunger 
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Fig.  1407 


b.  A  device  for  compressing  u  gun-car- 
riage to  its  slide  or  platform  during  recoil ; 
the  carriage  is  again  set  free  for  running 
up. 

3.  (Microscopy.)  A  device  to  flatten 
microscopic  objects    under  examination, 


Fig.  140& 


Parsry't  Compressed' Air  Engine. 


and  the  connections  of  the  latter  turn  a  faucet- 
valve  in  the  pipe  C,  and  allow  the  ^tassage  of  air 
from  the  reservoir  A  to  the  chamber  B,  to  restore 
the  working  pressure  in  the  latter.  The  compressed 
air  passes  by  the  pipe  D  to  the  cylinder  E^  wnere  it 
acts  in  the  manner  usual  with  the  double-acting 
steam-engine,  and  exhausts  into  the  atmosphere. 
F  is  the  supply  aperture  through  which  the  reser- 
voir is  chai*ged,  and  G  the  safety-valve.  The  piston- 
rod,  cross-head,  and  pitman  connect  iu  the  usual 
way  with  the  crank  and  driving-shaft. 

The  project  has  lately"  been  revived  for  impelling 
sti-eet-cars. 

Under  "Air as  a  Means  of  Transmitting  Power," 
has  been  noticed  the  attempt  of  Dr.  Papin  of  Blois 
to  run  a  pumping-engine  by  compressed  air  con- 
ducted by  pipes  from  a  condensing  engine  situated 
at  the  distance  of  a  mile  and  driven  by  a  fall  of 
water.  For  some  reason,  friction  and  leakage 
probably,  the  doctor  failed. 

For  the  application  of  compressed  air  as  a  water 
elevator,  see  **  Air  as  Water  Elevator,  Compressed." 

In  the  city  of  New  York,  iu  1858  or  1859,  Cap- 
tain Ericsson  aiTanged  a  power  to  run  sewing-ma- 
chines for  a  clothing  firm  in  that  city.  A  caloric 
engine  in  the  cellar  compressed  the  air  ;  it  was  car- 
ried to  the  upper  story  in  pipes,  and  there  moved 
little  engines,  which,  in  turn,  o[)erated  sewijig-ma- 
chines  to  the  number  of  some  eighty.  The  act  of 
compressing  air  throws  otf  its  heat,  and  then  when 
it  is  again  exhausted,  it  takes  up  that  heat  again 
from  the  surrounding  atmosphere,  doing  two  things, 
condensing  and  precipitating  the  vitiated  air,  and 
furnishing  one  of  the  best  possible  means  of  ven- 
tilation. These  machines  worked  successfully  for 
yeara. 

H.  H.  Day  now  proposes  to  transfer  the  power  of 
the  Niagara  Falls  to  Buffalo,  minus  certain  admitted 
losses  in  working,  which  would  leave  a  handsome 
surplus.  Also  the  lower  falls  at  Rochester,  N.  Y., 
to  tnat  city.     Nous  verrmiA. 

Com-press'ingi-iiia-chiiie'.  A  machine  for  mak- 
ing compressed  bullets. 

Com-pres'sion-oaBt'iiig.  A  mode  of  casting 
bronzes,  etc.,  in  molds  of  potters'  clay  under  a  press- 
ure which  causes  the  metal  to  How  into  the  delicate 
tracery  left  by  the  pattern.  The  work  approaches 
nearly  the  work  of  tne  graver  and  chjsel.  It  is  es- 
pecially used  in  casting  house-builders'  hardware, 
letters  and  numbers  for  houses,  stamps,  etc. 

Com-pres'Bion-cook.  One  containing  an  india- 
rubber  tube  which  is  collapsed  by  the  pressure  of 
the  end  of  a  screw-plug  turned  by  the  key. 

Com-press'or.  1.  {Surguyd.)  An  instrument  to 
compress  the  femoral  artery  ;  a  substitute  for  a  tour- 
niquet. 

2.  {Nautical.)  a.  A  lever  ann  to  press  on  the 
chain -cable  and  keep  it  from  veering  away  too  fast. 


in  order  to  make  out 
their  structure.  The 
ring  c  and  the  base- 


Levet'  Compressors. 


piece  beneath  it  are  glazed,  and,  while  not  obstnict- 
ing  the  light,  form  suri'aces  between  which  the  ob- 
ject is  flattened,  or  merely  held.     A  compressoriunL 

Compressors  for  the  microscojie  are  of  various 
kinds  ;  as,  lever,  reversible  cell,  parallel  plate,  Weii- 
ham* 8,  etc. 

4.  {Piieumaiics.)  A  machine  for  compressing  air. 
See  Air-pump  ;  Compressed-air  Engine  ;  Air- 
compressing  Machine. 

Com'rade-bat'ter-y.  One  of  a  pair  of  joint 
batteries.  . 

Con'oave.  The  cui*ved  bed  or  breasting  in  which 
a  cylinder  works,  as  in  the  case  of  a  thrasher.  Fig. 
1409,  the  example,  shows  a  concave  in  which  each 

Fig  1409. 


Cy^indtr  and  Concave. 

slat  rests  upon  a  spring,  and  the  grain  escapes  through 
the  intervening  spaces. 

Con'cave  Briok.  A  brick  used  in  turning  arches 
or  curves.     A  compass-hricV. 

Con'cave  Plane.  A  compa.ss-planc  for  smooth- 
ing curved  surfaces. 

Con-oa'vo-oon'vez  Pile.  A  file  with  curve<l 
faces,  respectively  concave  and  convex,  made  by 
rutting  a  flat  file  and  then  bending  it  into  shape  be- 
tween dies.  The  mode  is  the  invention  of  Sir  John 
Robison,  President  of  the  Scottish  Society  of  Arts, 
and  is  designed  to  enable  the  convex  side  to  be  cut 
lik**  a  flat  file  by  a  chisel  which  reaches  across  the 
edge,  instead  of  by  cutting  numerous  coui-ses,  which 
usually  cover  the  convex  surfaces  of  files. 

Con-oa'vo-oon'vez  Lens.  A  lens  whose  sides 
are  respectively  concave  and  convex,  the  latter  face 
having  a  curve  of  the  greater  radius,  so  that  the  lens 
is  thicker  at  the  margin  than  elsewhei-e. 

It  diflers  from  a  menisctu  in  that  the  concave  face 
of  the  latter  has  the  larger  radius,  and  the  mai^n 
is  an  edge  where  the  two  faceji  run  together. 

Con'oen-tra'tor.    An  apparatus  for  the  separa- 
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tion  of  dr}',  commiimted  ore,  according  to  the  ffrav- 
ity  of  its  [mrticles,  by  exposing  a  falling  sheet  of  ore- 
dust  to  intermittent  puffs  of  air.  The  action  has  been 
compared  to  that  of  the  jigger  which  acts  in  a  water- 
cistern,  the  body  of  ore  in  the  sieve  being  jerked  up 
and  down  in  the  water,  and  thereby  separated  into 
strata  of  varying  gravities  and  consequent  richness. 
The  analogy  is  not  perfect,  for  in  the  jigger  the  ores 
all  lie  in  the  sieve,  out  the  upper  layer  is  poor  and 
is  mked.  off  as  refuse,  while  the  succeeding  layers 
are  progressively  richer  down  to  the  best  at  the  Dot- 
tom,  the  different  grades  being  scraped  off  in  suc- 
cession, and  either  reworked  or  laid  aside  for  smelt- 
ing, as  the  case  may  be. 

The  action  of  Krom's  concentrator  is  more  like 
that  of  a  fanning-mill,  in  which  the  richer  portions 
(the  grain)  withstand  the  blast  and  fall  into  the  re- 
ceiver, while  the  lighter  portions,  which  have  but  few 
metallic  particles,  are  blown  over  and  correspond  to 
the  tailings  of  the  grain-winnowing  machine. 

A  form  of  concentrator  analogous  to  the  smut-mills 
might  be  contrived,  the  ore  passing  through  a  trunk, 
the  lighter  being  carried  tne  farthest,  a  separation 
into  grades  of  cohiparative  gravity  being  thus  ef- 
fected. 

Krom's  concentrator  has  an  arrangement  in  which 
the  oi-e  ])asses  from  a  hopper  on  to  a  sieve,  upon 
which  it  forms  a  bed.  This  bed  of  ore  is  intermit- 
tingly  lifted  by  a  pulsating  blast  beneath,  so  that  it 
becomes  sorted  into  layers  of  comparative  gravities. 
The  upper  is  the  lighter  portion  or  refuse,  and  falls 
over  the  end  of  the  sieve  as  tailings  ;  the  heavier 
|>ortion  passes  through  the  meshes  of  the  sieve,  and 
IS  collected  in  a  receptacle  beneath. 

In  the  comx)arison  between  the  jigger  and  the 
eoneentraloTt  it  will  be  found  that  in  the  heavier 
medium,  water,  the  material  will  sink  slowly,  and 
thus  the  particles  will  tend  to  sort  themselves 
effectually.  In  the  concentrator,  the  medium  being 
lighter,  the  ore  will  fall  more  quickly.  As  it  is 
necessary  that    the   ore,  between    each  pulsation, 

either  in  the  jigger 
Fig.  1410.  or  in  the  concentra- 

tor, shall  have  time 
to  fall  again  on  to 
the  sieve  after  each 
saltation,  the  ore 
in  the  conccTitrator 
may  be  more  rap- 
idly pulsated  than 
it  can  be  in  the 
jigger. 

Water  is  said  to 
admit  of  from  50 
to  80  lifts  per 
minute,  and  air 
from  800  to  400  in 
the  same  space  of 
time.  Whether 
the  more,  rapid 
action  in  air  be 
more  effectual  than 
the  more  perfect 
suspension  and 
gradual  subsidence  in  water,  is  a  matter  to  be  deter- 
mined by  experiment  and  persistent  trial.  It  is 
not  safe  to  argue  the  question  on  general  grounds. 

The  machine  has  a  receiver  H  to  hold  the  pul- 
verized ore  ;  an  ore-bed  S  on  which  the  ore  is 
acted  upon  ;  the  gates  V  G  to  regulate  the'  flow  of 
ore  from  the  receiver  and  depth  of  ore  on  the  ore- 
bed  ;  passage  C  for  the  ore ;  and  roller  H  to  effect 
the  discharge  of  the  same ;  bellows  B  to  give  the 
puffs  of  air  ;  a  trip- wheel  and  spring  to  operate  the 


£rofn*5  Ore- Concentrator. 


bellows ;  a  ratchet-wheel  and  pawl  to  operate  the 
discharge-roller  B. 

It  is  operated  as  follows  :  —  Ore  is  placed  in  the 
receiver  H,  and  the  driving  pulley  set  in  motion. 
On  the  opposite  end  of  the  pulley-shaft  is  the  trip- 
wheel,  which  acts  against  a  lever;  by  the  joint 
action  of  the  trip-wheel  foreing  the  lever  in  one  di- 
rection and  the  spring  carrying  it  suddenly  back  in 
the  opposite  one,  the  bellows  B  is  made  to  swing  on 
the  shaft  /,  giving  at  each  upward  movement  a  sud-; 
den  puff  of  air  through  the  ore-bed,  and  lifting  the 
ore  lying  on  it. 

The  spring  is  adapted  to  produce  the  be^t  result, 
as  it  is  important  that  the  puff  of  air  should  be  sud- 
den. On  the  trip-wheel  are  six  projections  ;  there- 
fore the  speed  of  50  to  70  revolutions  j)er  minute  of 
the  pulley  gives  300  to  400  upward  movements  of 
the  bellows. 

Other  forms  of  concentrators  for  comminuted  ore, 
amalgam,  auriferous  sand,  and  sulphurcts  consist  of 
agitated  pans,  reciprocated  or  revolving  in  a  rotary 
path,  and  having  inclined  beds  over  which  the  ma- 
terial is  sorted  by  gravity  and  discharged  at  different 
outlets. 

Con-cen'trlo  En'gliie.  One  name  for  the  rota- 
rj-  engine  (which  see). 

Con'oer-ti'na.  An  instrument  with  a  bellows 
and  free  reeds,  on  the  principle  of  the  accordion. 
It  is  grasped  by  both  hands,  and  the  keys  are  on 
each  of  tne  heads.  An  instrument  of  sweetness, 
power,  and  compass.  Invented  by  Professor  Wheat- 
stone. 

Con'oha.  (Architt^urc.)  The  concave,  ribless 
surface  of  a  vault. 

Con-ohom'e-ter.  An  instrument  for  measuring 
shells.     Conchyleometcr. 

Con-clud'ing  Una  {NatUical).  a.  A  small 
line  hitched  to  the  middle  of  the  steps  or  stem- 
ladders. 

b.  A  line  leading  through  the  middle  of  the  steps 
of  a  Jacob's  ladder. 

Con-orete'.  A  mixture  of  rubber,  stone  chip- 
pings,  gravel  or  broken  stones,  with  lime  and  water. 
It  is  used  in  foundations  and  in  filling  in  between 
masonry  facings  of  walls.  It  differs  from  pis4  ma- 
terial in  having  lime  instead  of  clay  to  form  a  bond 
for  the  stones.     See  Pisi^.-work  ;  B6ton. 

The  ancients  used  concrete  very  largely.  In  wall 
building,  it  is  usually  made  by  dumping  the  nirt- 
terfals  into  the  trench  dug  for  the  foundation,  the 
gravel,  sand,  lime,  and  water  being  thrown  in,  in 
proper  quantity  ;  or  the  materials  are  measured  into 
a  barrow,  into  which  water  is  poured,  and  the  whole 
dumped  into  the  hole  or  trench  where  it  i^  required. 
The  proportions  of  sand  and  lime  are  those  suitable 
for  forming  mortar.  The  mortar  forms  a  bond  for 
the  larger  stone,  constituting  a  matrix  of  hydrated 
silicate  of  lime. 

To  guard  against  the  filling  up  of  the  Said  end  of 
the  Suez  Canal  by  the  deposits  of  the  Nile,  great 
blocks  weighing  twenty  tons  each,  of  a  composite 
stone,  formed  out  of  hydraulic  lime  ground  to  dust 
by  powerful  mills,  and  mixed  with  sand,  are  sunk 
and  piled  in  the  harbor,  and  piers  constructed 
thereon.  Three  hundred  thousand  tons  of  these 
blocks  have  been  used  at  Port  Said  alone.  See  B6ton. 

The-  walls  of  the  fortress  of  (^udad  Rodrigo,  in 
Spain,  are  of  concrete.  .  The  marks  of  the  boards 
wnich  retained  the  semi-fluid  matter  in  their  con- 
struction are  everywhere  perfectly  visible  ;  and  be- 
sides sand  and  gravel,  there  are  laige  quantities 
of  round  bowlder-stones  in  the  walls,  from  4  to  6 
inches  in  diameter,  procured  from  the  ground  around 
the  city,  where  they  abound. 
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Schroder's  cement :  coal-ashes,   100 ;   hydrauli 
cement,  16  ;  Portland  cement,  1  part.     Work  in 
p«ig-mill  asd  mold.     Cooley's  :  coarse  pebbles,  60 
roagh  sand,  25  ;  lime,  15.     Semple  :  pebbles,  80 

rough     sand 


1418 


Fig.  1411. 
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Ckmcnte-  Wall  BuUdlng. 


40;  lime,  IC 
The  mode  of 
building  con- 
crete walls  is 
indicated  by 
the     out,     i] 
which    th 
mass  of  morta 
is    held     be 
tween    facing 
walls  of  brick 
and    inner 
boards,      the 
latter     being 
temporary. 
don-orete'- 
press.  A  ma- 
chine in  which 
a  mass  of  con- 
crete is  pressed 
into  the  fomi 
of  a  building 
block.     The 
concrete    is 
placed  in  the 
hopper   m, 
and,  when  the 


sUde  n  and  the  lower  slide  are  withdrawn,  drops 
into  the  box,  which  has  divisional  partitions  k  k 
anil  a  bottom  i.  The  slide  is  replaced  by  the  motion 
of  the  sector  w,  which  move^  the  rack  x.  The  press- 
ure is  then  brought  beneath  the  follower  d  by 
means  of  the  lever  A,  cam  g,  and  toggles  c  c.  The 
lid  of  the  press-box  is  then  withdrawn,  and  the 

Fig  1412. 


Conerett'Ptess. 

block  is  lifted  out  of  the  box  by  the  sector  and  mck 
fe. 

Con-cret'er.  A  form  of  apparatus  for  concen- 
trating simp,  by  allowing  it  to  flow  in  a  boiling 
condition  over  the  surface  of  a  heated  pan,  and  then 
subjecting  it  to  the  heat  of  a  copper  cylinder  re- 
volving over  a  fire,  and  having  an  internal  hot- 
blast.  The  sirup  in  a  concentrated  condition  is 
discharged  at  the  lower  end. 

Con-ouB^ion-fose.  A  fuse  which  is  ignited 
and  explodes  the  shell  at  the  moment  of  impact,  by 
the  breakage  of  a  capsule  or  other  similar  internal 
arrangement,  containing  chemicals  which   explode 


.  Ckmeussion-Fu9i. 

by  the  force  of  the  blow.  The  figure  shows  a 
spherical  and  an  elongated  projectile  provided  with, 
a  fuse  which  is  exploded  by  the  jar  of  impact. 

Con-densed'-let'ter.  {PriTiting.)  One  with 
a  narrower  face  than  usual  with  the  given  hight. 

Con-dens'er.  An  apparatus  for  cooling  heated 
vapors  to  a  temperature  at  which  they  become  liq- 
uid ;  or,  fumes  to  a  temperature  at  which  they  are 
precipitated  ;  or,  impure  and  heated  gases  to  a  more 
cleanly  and  cool  condition  ;  or,  a  heated  vegetable 
extract  or  juice  to  a  less  fluid  condition. 

Or  by  pressure^  bringing  a  sliver  or  film  of  fiber 
to  a  slightly  felted  and  more  solid  condition  ;  or,  a 
foil  to  a  more  compact  state ;  or,  an  elastic  fluid  into 
a  smaller  bulk. 

Or,  by  convergence  concentrating  the  heat  and 
light  of  a  pencil  of  rays  upon  a  relatively  small  area. 
Or,  a  means  of  absorbing  minute  electrical  eflects. 
1.    (Stearn-engiTw.)      A  means  of  reducing  to  a 
liquid  fonn  the  steam  in  front  of  the  piston  so  as  to 
obtain  a  partial  vacuum  at  that  point,  and  thus  util- 
I  ixe  the  natural  pressure  of  the  atmosphere. 
'      Steam-engine  condensers  are  of  several  forms  :  — 
The  injection  condenser  was  in- 
vented by  Watt,  who  was  a  philo- 
sophical-instrument maker  in  Glas- 
gow, when,  in  1764,  a  model  of  an 
atmospheric  engine  (Newcomen's), 
belonging  to  the  University  of  Glas- 
gow, was  brought  to  him  to  repair  ; 
I    the  cylinder  of  this  model  was  2 
inches  in  diameter,  and  6  inches  in 
length.    Having  repaired  damages, 
whatever  they  were,  the  little  ma- 
chine was  put  to  -the    proof,  but 
failed  to  work  satisfactonly. 

He  made  a  working  machine  on 
a  larger  scale,  the  cylinder  being  6 
inches  diameter,  12-inch  stroke,  and 
was  made  of  wood  boiled  in  linseed- 
oil.     Still  the  little  machine  was 
obdurate,  and  he  failed  to  realize 
the  results  he  supposed  attainable. 
The  engine  working  on  the  at- 
mospheric principle,  the  valuable 
effect  was  in  proportion  to  the  perfection  of  the 
vacuum  obtainable  below  the  piston.      But  here 
a  trouble  met   him.      If  he   injected   so  laroe  a 
quantity  of  water  as  to  obtain  a  good  atmospheric 

f)ressure,  the  cylinder  was  so  much  cooled  that  he 
ost  a  great  (piantity  of  steam  in  warming  it  up,  and 
it  became  necessary  to  strike  a  mean.  Smeaton, 
who  had  probably  obtained  the  l)est  results  up  to 
this  time,  rarely  cooled  the  dontents  of  the  cylinder 
below  180",  at  which  temperature  the  steam  has  a 
pressure  equal  to  a  column  of  15  inches  of  mercury. 
Thus  he  lost  half  the  atmospheric  pressure  for  the 
sake  of  avoiding  the  great  waste  of  incoming  steam 
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which  condensed  against  the  sides  of  the  cylinder 
until  the  latter  acquired  the  heat  of  the  steam,  all 
which  was  necessary  before  the  engine  could  make 
the  up-stroke. 

Watt  instituted  a  series  of  very  careful  experi- 
ments on  the  relation  between  temperatures  and 
pressure  of  steam,  and  brought  to  bear  upon  the  sub- 
ject careful  analysis  as  well  as  genius.  The  result 
was  the  separate  condenser.  Instead  of  cooling  the 
cylinder,  he  connected  it  with  another  vessel  in 
which  the  refrigeration  was  accomplished,  a  valved 
communication  being  provided  between  the  two. 

The  engine  was  thus  the  atmospheric  engine  with 
a  separate  condenser,  securing  economy  of  fuel  and 
time  with  increase  of  power. 

If  the  inventor  had  stopped  at  this  point  he  would 

have  found 
that  the  con- 
densers would 
after  a  while 
become 
9  (charged  and 
inoperative; 
80     he     con- ! 


The  sur/ace-condenseT.  has  a  series  of  flat  chambeni 
or  tubes,  usually  the  latter,  in  which  the  steam  \h 
cooled  by  a  body  of  water  surrounding  the  tubes. 
The  most  secui-e  way  of  fastening  the  tubes  in  the 
heads  is  Horatio  Allen's  wooden  thimble,  which 
swells  after  ulacing  in  position,  and  makes  a  tight 
joint.  Distilled  water 


trived  a  pipe 
34  feet  long 
(Fig.  1414), 
which  led 
away  from  the 
condenser,  its 
lower  end 
being  sub- 
merged in  a 
tank,  and  in- 
asmuch as 
such  a  cx)lumn 
is  greater  than 
can  be  sup- 
ported by  the 
pressure  of  the 
atmosphere, 
the  water 
would  leave 
the  condenser, 
which  would 
then  be  occupied  only  by  steam  and  air.  The  steam 
enters  the  chamber  A  by  the  bent  [>ipe,  and  the 
water  the  chamber  £  by  the  other  pii)e,  and  passes 
in  a  shower  through  the  perforations  in  the  chamber, 
condensing  the  steam  and  canying  it  down  the  dis- 
charge-pipe F  into  the  cistern  O.  The  pipe  is  so 
long  that  the  weight  of  the  column  of  water  makes 
an  almost  perfect  vacuum,  and  thus  dispenses  with 
an  air-pump  for  discharging  the  heated  water.  The 
device  is  also  used  in  vacuum-pans,  etc.  The  pipe 
F  is  shown  with  a  break  and  gap  to  indicate  that 
a  large  portion  is  removed  to  bring  the  deWce  with- 
in proportions  convenient  for  display  upon  the  page. 
See  Aspirator  ;  Air-pump  (Fig.  115). 


Vertical  Column  Condenter. 


Worm-  Condenser. 

of  cold  water,  con- 
The  liquid  escapes 

Fig.  1417. 


Surface'  Condenser. 


for  ships'  use  is  ob-  Fig.  1416. 

tained  by  the  conden- 
sation of  steam  in  a 
surtace  condens(T.  To 
render  it  more  palat- 
able it  is  artihftially 
aerated  and  then  Al- 
tered through  animal 
charcoal. 

2.  {Distilling.) 
The      still-condenser 
is    generally  of   the 
icorm-tub  form  ;  the 
coil    containing    the 
alcoholic  vapor  trav- 
ersing a    tub  which 
receives  a  constant  accession 
densing  the  vapor  in  the  coil, 
at  a  cock  below. 
In  the  example, 
the   liquor  con- 
densed in.  each 
coil  may  be  sep- 
arately  with- 
drawn. 

In  Hadley's 
still  the  pipe  ris- 
ing from  the  still 
has  successive 
condensers  6  6  in 
ascending  series, 
the  liquid  in  the 
condenser 
jackets  being 
gradually  cooler 
as  they  i-ecede 
from  the  still. 
The  object  is  to 
eliminate  by 
successive  stages 
a  liquid  of  given 
tenuity,  and  re- 
turn the  heavier 
condensed  va- 
pors. 

In  Licbig's, 
the  neck  of  the 
still  b  passes  through  a  water-jacket  c  to  the  receiver 
h.  The  jacket  is  furnished  with  a  constant  stream 
of  water  from  cistern  c,  by  pipe  rf,  and  exit  /,  to 
waste-cup  g.     a  is  the  lamp. 

In  Fig.  1418  is  shown  an  apparatus  for  preparing 
purified  ammonia,  from  the  ammoniacal  li«iuor  of 
^'as-works,  by  distillation,  cooling,  and  treating  the 
products  witn  charcoal,  and  condensing  the  liquid. 

Fig.  1419  is  an  apparatus  in  which  a  condenser  C 
is  placed  between  the  vacuum-pan  j4f  and  the  air- 
pump  O,  so  03  to  condense  any  alcoholic  spirit 
which  may  have  formed  in  the  sugar  or  molasses 
under  treatment. 

3.  {Metallurgy.)  An  apartment  in  which  metal- 
lic or  deleterious  gaseous  fumes  are  condensed  to 
prevent  their  escape  into,  and  contamination  of,  the 
atmosphere. 

These  have  been  tried  with  more  or  less  success 
in  the  copper-works  of  Swansea,  the  lead-works  of 
England,  and  in  various  other  manufactories.     The 
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PlK    1418 


Ammonia  Stiii  and  Condtnser, 


general  feature  is  a  prolonged  duct  for  the  fumes, 
with  showers  of  water  to  condense  the  arsenical, 
sulphurous,  and  other  fugitive  volatile  matters. 
The  same  devices  serve  an  economical  purpose  in  sav- 
ing fugitive  fumes  of  lead,  zinc,  mercury,  sulphur, 
antimony,  etc.     See  Arsenic-furnace. 

Fig.  1420  is  a  furnace  and  condenser  for  the  dry 
distillation  of  ore  of  metals  capable  of  assuming  vol- 
atile condition  with  a  moderate  heat.     The  broken 


ore  i»  fed  from  the  hopper  C  into  the  revolving-dnim 
A,  which  is  heated  by  the  furnace  B  and  supplied 
with  air  under  pressure  by  the  pipe  E  from  the  air- 
pump.  The  heated  ore  is  ground  by  the  rolling  balls 
(7,  and  the  fumes  escape  by  the  bent  pipe  D  through 
the  succession  of  sealed  wat«r-cliambers  H  W  H"&nd 
pipes  2/  J)"  jy"  to  the  partitioned  chamber  J  and 
the  concluding  vessel  K  which  contains  mercury. 
What    remains  volatile  after  this  escapes  at  the 


Condemn  for  Akokolic  Vapors  of  Sugar. 


chimney  L.  The  post  }f  supports  one  trunnion  of 
the  drum,  and  the  other  trunnion  is  a  sleeve  carry- 
ing the  cog-wheel. 

4.  {Ods-making. )  An  apparatus  in  which  the  crude 
gas  from  the  retort  is  cooled,  and  the  ammoniacal  liquor 
and  tar  extracted  therefrom.     See  Gas-condenser. 

5.  {Sugar  Manufacture.)  The  Degrand  ( Derosne) 
condenser  is  in  the  train  of  sugar  apparatus,  and  con- 
sists of  a  vertical  series  of  convoluted  steam -pipes  C, 
over  which  trickles  the  sugar-cane  juice  from  the 
defecator.     See  Fig.  1421. 


6.  (  Wool  Manufacture,)  A  device  used  in  wool 
manufacture  to  compact  the  narrow  slivers  from  a 
carding-machine  so  as  to  bring  them  into  the  condi- 
tion of  slubs.  The  narrow  circumferential  card^  of 
the  doffiug-cylinder  deliver  narrow  slivers  which 
pass  to  the  condenser. 

This  consists  of  a  pair  of  transverse  rollers  sup- 
porting a  belt  as  wide  as  the  dofiing-cylinder  is 
long,  and  receiving  the  slivers  which  are  detached 
from  the  card-rings  of  the  said  cylinder  by  the 
doffinj^-knife.       As    the    slivers    pass    from    the 

doflfer  they  run  be- 
neath an  upper  roll- 
er,  which,  in  addi- 
tion to  its  rotaiy 
motion,  has  an  end- 
ways motion  of  two 
inches,  back  and 
forth  in  the  direc- 
tion of  its  length. 
By  this  means,  each 
sliver  is  rolled  upon 
the  traversing  belt 
in  a  manner  similar 
to  th^t  of  rolling  it 
beneath  the  palm 
^  of  the  hand  upon 


Dry  DistiOatioH  Fwwut  and  Condenser. 


a  table.   Itistnus 


Digitized  by 


Google 


CONDENSER-GAGE. 


609 


CONDUCTOR. 


Fig.  1421. 


Fig.  1422. 


Dtrotne  Condenser. 

rounded  and  compacted,  the  fibers  becoming  some- 
what interlaced  and  closely  associated,  the  nature  of 
the  wool  tending  materially  to  assist  the  operation. 
The  endways  motion  of  the  roller  is  given  by  an 
eccentric  at  one  end.  The  slubbinc^s,  as  they  are 
formed,  are  carried  forward  by  tne  apron  and 
wound  upon  a  revolving  bar ;  when  filled,  this  is 
removed  and  placed  in  the  mule,  which  draws  from 
it  as  it  would  from  bobbins  placed  on  skewers  on  a 
creel. 

7.  A  dentist's  tool  for  packing  foil  for  plugging 
teeth. 

8.  An  air-pump  for  filling  a  chamber  with  air  or 
gas  at  a  pressure  aliove  the  atmospheric.  The  con- 
densing air-pump  was  known  to  Ct«sibu«,  and  fig- 
ures largely  m  the  "  Spiritalia  "  of  Hero. 

9.  {Optics. )  A  lens  to  gather  and  concentrate  the 
rays  collected  by  the  mirror  and  direct  them  upon 
the  object.  There  are  several  varieties,  known  as  the 
(tchromatic  condenser,  etc.     See  Condensino-lkns. 

10.  {Eledriciiy,)  a.  An  instrument  for  concen- 
trating electricity  by  the  effect  of  induction.  It 
usually  consists  of  a  confolded  sheet  of  tin-foil,  whose 
layers  are  separated  by  a  thin  sheet  having  a  non- 
conducting surface. 

Volta's  electrical  condenser  is  attached  to  a  gold- 
leaf  electrometer,  and  consists  of  two  brass  plates, 
one  connected  to  the  cap  of  the  electrometer,  the 
other  supported  on  a  brass  pillar.  The  use  of  the 
instrument  is  to  render  apparent  such  portions  of 
electricity  as  are  too  weak  to  be  indicated  by  the 
electrometer  only. 

b.  With  induction  apparatus,  it  is  a  device  for 
absorption  or  suppression  of  the  extra  current,  in- 
duced by  the  rapid  breaks  in  the  main  current. 

c.  An  instrument  in  which  an  electric  spark  passes 
between  the  poles  in  a  closed  glass  cylinder,  so  as 
to  be  employed  in  burning  metals  in  an  atmosphere 
of  any  given  tenuity  or  specific  chemical  character, 
to  obtain  the  spectra  of  metals  or  gases  free  from  ac- 
cidental chanuiteristics  of  the  general  atmosphere  for 
the  time  being.     A  spark-coTidcnser. 

Con-dens'er-^gage.  ,\  tube  of  glass,  thirty-two 
inches  long,  open  at  both  ends,  the  upper  end  being 
fixed  to  the  condenser,  the  lower  end  dipping  into 
mercury.  It  is  to  ascertain  the  degpee  of  exhaustion 
in  the  steam-condenser. 

Con-dens'ing-leiiB.  A  plano-convex  {bulVs  eye) 
or  double  convex  lens,  to  concentrate  rays  upon  an 
opaque  microscopic  object. 

Con^ena'ing-en'gine.    (Steam-engine.)    One 


Condensing- Lens. 


in  which  the  steam  below  or 
in  advance  of  the  piston  is  con- 
densed, in  order  that  a  power 
equal  to  the  cumulative  force 
of  steam  and  atmospheric  press- 
ure may  act  upon  the  effective 
side. 

In  contradistinction  to  the 
non  -  condensing  engine,  in 
which  no  provision  is  made  for 
a  partial  vacuum  in  advance 
of  the  piston'. 

The  object  of  condensation 
is  twofold :  — 

To  avail  the  atmospheric 
pressure. 

To   economize  the  fuel  by 
'  making  effective  a  part  of  the 
otherwise  escaping  heat.  j 

Among  the  condensing-en- 
gines  may    be    cited  :  —  The 
Cornish  and  marine    engines 
of  various  kinds.     Pumping  and  factory  engines  o( 
large  size  are  usually  condensing. 

The  engines  of  tne  Eastern  rivers  and  Northem 
lakes  are  usually  condensing.  Those  of  the  Western 
and  Southern  rivers  are  usually  high-pressure  and 
non-condensing.  The  latter  of  a  given  power  are 
lighter  than  the  condensing,  and  the  depth  of  water 
often  determines  the  question,  which  kind  of  engine 
shall  be  adopted  in  a  country  or  district. 

Locomotives  belong  to  the  non-condensing  class, 
securing  compactness  and  power  vrithin  moderate 
limits  as  to  weight. 

Con-dens'ing-ayr'iiige.  A  syringe  whose  valves 
are  so  arranged  as  to  take  air  above  and  condense  it 
below  the  piston,  so  as  to  condense  air  into  any 
chamber  to  which  the  foot  of  the  syringe  is  se- 
cured. 

Con-duot'or.  1.  {Electricity.)  A  term  applied 
to  a  body  capable 'of  transmitting  an  electric  eui^rent. 
Strictly  speaking,  all  bodies  are  conductors  of  elec- 
tricity, but  those  of  relatively  very  small  conduc- 
tivity are  known  as  non-conductors  ;  for  instance  :  — 

The  conductivity  of  copper  being  estimated  at 
40,000,000, 

That  of  water  is  as  1. 

Becquerel's  table  is  as  follows  :  — 


Pure  copper  wire. 

Gold  . 

Silver     . 

Zinc    . 

Platinum 

Iron    . 

Lead 


100 
93.6 
73.6 
28.5 
16.4 
1.5.5 
8.3 


In  practice :  A  prime  condudtor  collects  and 
transmits  the  frictional  electricity  of  the  electrical 
machine.     It  was  introduced  by  Bose  in  1741. 

A  Ughtning-condLXXcioVy  for  conducting  the  «to^tc  or 
tension  electricity  of  the  atmosphere  harmlessly  to 
the  earth.  It  consists  of  a  wire,  rod,  or  slip  of 
metal  from  the  top  of  a  house,  tower,  steeple,  or 
mast,  to  the  ground,  or,  better  still,  a  ground-plate 
or  system  of  buried  iron  pipes. 

Gray  and  Wheler,  in  1720-1736,  made  experiments 
to  ascertain  the  distance  through  which  electric  force 
could  be  transmitted,  using  insulated  metals. 

Gray,  in  1729,  discovered  the  properties  of  electric 
conductors.  **  He  found  that  the  attraction  and  re- 
pulsion which  appear  in  electric  bodies  are  ex- 
nibited  also  by  other  bodies  in  contact  with  the 
electric."  —  Whewell. 

Dr.  Wateon,  in  1747,  passed  transmitted  electricity 
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through  2,800  feet  of  wire  and  8,000  feet  of  water, 
using  the  earth  circuit. 

Benjamin  Franklin,  in  1748,  performed  his  experi- 
ments on  the  banks  of  the  Schuylkill,  ''concluded 
hy  a  picnic,  when  spirits  were  tired  by  an  electric 
spurk  sent  through  the  river,  and  a  turkey  was  killed 
by  the  electric  shock,  and  roasted  by  the  electric 
jack,  before  a  fire  kindled  by  the  electiitied  bottle." 
The  latter  was  the  Leyden  jar,  the  invention  of 
Muschenbroek  and  Kleist,  three  years  previous. 

Franklin  flew  his  kit«  in  Philadelphia  in  1752, 
and  proved  the  substantial  identity  of  lightning  and 
frictional  elecj;ricity.  He  then  invented  the  light- 
ning-rod for  the  harmless  passage  of  the  electri- 
city. 

D'Alibard  erected  a  lightning-rod  in  the  .same 
year. 

Richmann  of  St.  Petersburg,  the  following  year, 
in  repeating  Franklin's  experiment,  was  kifled  by 
a  stroke  of  lightning. 

Charles  Marshall,  in  1753,  proposed  insulated 
wires,  suspended  by  poles,  as  electrical  conductors 
for  transmitting  messages. 

Lesarge,  in  1774,  used  twenty -four  electrized  wires 
and  a  pith-ball  electrometer  as  a  mode  of  signaling. 
Lomond,  in  1787,  used  one  wii-e  and  a  pith-ball. 

Reizen,  in  1794,  had  twenty-six  line  wires  and 
letters  in  tin-foil  which  were  rendered  visible  by 
electricity. 

Cavallo,  in  1795,  had  one  wire,  and  talked  by 
si»arks.     He  had  an  explosion  of  ^  for  an  alarm. 

2.  (Surgical.)    A  grooved  staff  for  directing   a 
penetrating  instrument  in  surgical  operations  ;  such 
as  the  forceps  in  extracting  ImiIIs  ;  lithontriptic  in- 
struments, etc. 
Con'dtiit.    {Hydraulic  Engineer iiig,)    A  pipe  or 
passage,  usually  cov- 
Flg.  1423.  ered,  for  conducting 

jj5»  water.  • 
1      Cone.    The  vent- 
plug  which  is  screwed 
into  the  barrel  of  a 
fire-arm      {A,      Fig. 
1424).      The     outer 
end  is  the  nipple  for 
i-eceiving  the  percus- 
sion-cap. 
a,  nipple. 
6,  square, 
c,  shoulder, 
rf,  screw-thread. 
6,  vent. 

Cone-bit  Abor- 
C&ndmt  of  the  Pont  du  Gturd.       ing  -  bit     of    conical 

fonn. 
Cone-oom'pafls-es.    A  |>air  of  compasses  with 
a  cone  or  bullet  on  one  leg,  to  S3t  in  a  hole.     A  hul- 
Ut-compasses, 

Cone-gear.  A  mode  of  transmitting  motion, 
consisting  of  two  cones  rolling  td^ether. 

Cone-joint.  A  joint  {B,  Fig.  1424)  formed  by 
a  double  cone  of  iron  inserted  into  the  ends  of  the 
pipes  to  be  joined,  and  tightened  by  screw-bolts,  as 
shown  in  the  figure. 

This  joint  is  quickly  made  and  is  very  strong. 
Cone-plate.    The  conical  collar-plate  of  a  laUic- 
/ieid.       • 

Cone-pulley.  1.  An  aiTangement  for  varying 
the  speed  of  the  bobbin  in  spinning-machines,  giving 
them  a  gradually  decreasing  velocity  as  the  roving 
is  wound  thereon,  so  as  to  keep  an  equal  strain 
on  the  roving  (C,  Fig.  1424).  The  lower  pulley 
is  driven  with  a  uniform  si)eed,  and  communicates 
motion  to  the  other  by  a  band  which  is  slipped  to- 


GnU'PulUy. 


wards  the.lai^r  end  of  the  \  Kg.  1424. 

upper  roller  as  the  roving 

gTEulually  fills  the  bobbin. 

See  Fi^.  751.    The  object  is 

to  obtain  an  equal  pull  on  the 

roving,  notwithstanding 

changes  in  the  diameter  of  the 

cop  as  the  winding  proceeds. 

2.  (Afachinery.)  A  pulley 
with  several  faces  of  varying 
diameter,  so  as  to  obtain  va- 
rying speeds  of  the  mandrel. 
A  8peed-\m\]ey. 

Cone-valVe.  A  hollow 
valve  having  a  conical,  per- 
forated face,  through  wliich 
water  is  discharged  when 
the  valve  rises,  without  im- 
pinging directly  upon  the 
valve- face  or  seat. 

Cone-vise  Coupling. 
A  mode  of  connecting  the 
ends  of  shafting,  consisting 
of  an  outer  sleeve  a  and  two 
inner  sleeves  b  b.  The  interior  surface  of  portion  a 
has  two  conical 

frustums,    and  Vis  1485. 

the  inner  sleeves 
have  gains  for 
the  bolts  c  c, 
which  draw  )< 
them  together  - 
and  jam  them 
between  the  in- 
clines of  the 
outer  sleeve  and 
the  surfaces  of 
the  respective 
rods. 

Cone-  Cont'Vtdve. 

wheel.    The 

CO  lie- wheel  has  several  applications  :  — 

1.  Two  frustums 
are  in  appo.sition, 
one  having  teeth  on 
its  face  and  the  other 
a  spirally  arranged 
row  of  studs.  The 
toothed  wheel  at  its 
small  end  acts  upon 
studs  on  the  larger 
portion  of  the  op- 
posite wheel  and 
conversely.  The 
effect  is  to  confer 
a  wmilar  variabil- 
ity of  rotation  to  the 
stud-wheel  from  a 
regular  rotation  of 
the  driving  -  frus-  - 1- 
tum.  ^' 

2.  The  frustum, 
being  driven  by  the 
motor,      communi- 


Flg  1426. 


Qme-Vise  C<mpliHg$. 


cates  motion  to  the  wheel  above  it.  This  is  not  in- 
tennittent  or  variable,  Jbut  is  instable.  The 
nearer  the  upper  wheel  is  to  the  ha.se  of  the  cone, 
the  faster  will  it  rotate,  and  conversely. 

Con-feo'tion-pan.  A  pan  for  malcing  comfits 
or  other  confections  which  require  to  be  rolled  upon 
one  another  while  being  dried  by  heat.  In  the  ex- 
ample, the  shaft  of  the  pan  is  secured  to  a  ring  by  a 
universal  joint.  Its  lower  end  rests  in  a  socket  maile 
on  the  upper  face  of  the  wheel,  which  is  rotated  by 
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Fig.  1427.  gearing,   and    carries    the 

shaft  around  with  it,  giv- 
ing a  wabbling  motion  to 
the  pan.  The  shaft  de- 
scribes two  cones  connected 
at  their  common  vertex, 
which  is  at  the  center  of 
oscillation  in  the  universal 
joint.  A  rolling  motion  is 
imparted  to  the  pan, which 
is  heated  by  steam  or  hot- 
,  air  pipes  beneath,  commu- 
nicating by  flexible  pipes 
with  a  furnace  or  bouer 
and  an  escape-pipe. 

Con-form'a-tor.  1.  A 
I  skeleton  frame  of  slats  and 
braces,   adaptable   to    the 
person,  and  then,  after  ad- 
justment, removable,  so  as 
Cone-Wheels.  to  be  laid  upon  cloth  and 

allow  the  pattern    to    be 
marked  thereon.     Or  an  elastic  jacket  with  points 
on  the  seams,  upon  which  a 
paper  may  be  impaled,  and,  ^-  l*2a 


Con'i-cal-wheeL 

A  wheel  shaped  like 
a  frustum  of  a  cone, 
and  used  in  many 
ways :  as  a  roller 
for*  turning  curves  in 
moving  heavy  bodies; 
the  cone-pulleys  are 
forms  of  wheels  for 
changing  speed;  used 
in  spmumg-machines 
and  lathe-heads ;  the 
fusee  is  a  conical- 
wheel  with  a  spiral 
track  for  the  chain. 

Co-nis'si-net.  The 
stone  which  crowns  a 
pier,  or  that  lies  im- 
mediately over  the 
capital  of  the  impost, 
and  under  the  sweep. 
Con-neot'ing- 
link.    A  link  which 


when 
a 


withdrawn,   answer 


Cotifeetton-Pom. 

Ck>n'greve-rook'et.  The  Asiatic  rocket  im- 
proved and  employed  as  a  formidable  instrument  of 
war  by  Sir  William  Congreve,  1804.     See  Rocket  ; 

GU.N  POWDER. 

Con'i-cal-gear'ing.  An  arrangement  of  gearing 
in  which  a  pair  of  co^ed  cones  transmit  through 
interposed  pinions  motion  of  the  required  speed. 

Con'i*oal-pead'a-liuxL  A  pemlulum  of  a  con- 
ical shape  suspended  by  a  wire  and  moving  in  a 
circular  path  m  a  horizontal  plane.  See  Pendu- 
lum. 

A  term  sometimes  applied  to  the  rotating  ball 
governor. 

Con'i-cal-pulley.  Conical-pulleys  are  used  in 
cotton  machinery  where  a  gradually  increasing  or 
decrea^g  sped  is  required.    See  Cone-pulley. 

Ck>nl-cal-valve.  1.  A  form  of  valve  for  water 
and  steam  engines,  a  is  the  valve-seat,  made  taper- 
ing so  as  to  fit  into  the  valve-chamber  of  a  pump. 
Upon  the  rim  of  this  is  fixed  the  bridge  b,  serving 
both  as  a  guide  and  a  stop  for  the  valve  .c,  whose 
lower  stem  enters  the  sleeve  d. 

2  shows  a  conical  frustum  c  having  a  stem  in  the 
bridge-piece  e  and  a  seat  a. 

3  shows  Watt's  conical  valve  g  k,  with  a  stem  in 
the  bridge  /,  and  operated  by  a  lever  and  cord. 


Conical  Valves. 

has  a  movable  section  by  which  it  may 
be  made  an  intermediate  connection  be- 
tween two  links  of  a  broken  chain.  The 
open-ring  or  /a/?-ring  is  a  form  of  con- 
necting-link used  in  attaching  a  single- 
tree to  a  double-tree,  and  the  latter  to 
the  plow-clevis. 

Con-neotlng-rod.  (Machinery.)  a. 
The  rod  connecting  the  piston-rod  or 
cross-head  of  a  locomotive  engine  with 
the  crank  of  the  driving-wheel  axle. 

b.  The  coupling-rod  which  connects 
driving-wheels  on  the  same  side  of  a  lo- 
comotive. By  coupling  other  pairs  of 
driving-wheels  to  the  pair  which  is  im- 
mediately actuated  by  the  engines,  slip 
is  avoided,  as  a  greater  number  have  a  tractive  ad- 
herence to  the  rails  and  are  not  mere  bearers. 

c.  The  rod  connecting  the  cross-head  of  a  beam- 
engine  with  that  end  of  the  working  beam  which 
pl^s  over  the  cylinder. 

The  rod  depending  from  the  other  end  of  the 
beam  is  the  pitman  or  pump- rod,  as  the  case  may  be. 
Con-neot'or.    1.    {Electricity.)    A    device"  for 
holding  two  parts  of  a 
conductor,   as    the    two  Fig.  1480. 

wires  for  instance,  in  in- 
timate contact.  A  biiui- 
ingscrew  ;.  a  damp. 

2.  The  English  term 
for  a  car-coupling. 

Con'Boienoe.  A 
plate  resting  against  the 
drill-head  and  enabling 
the  pressure  of  the  breast 
or  hand  to  be  brought 
ujion  the  drill.  A  pal- 
ette. 

Console.  (Building.) 
A  bracket  whose  sole  or 
shelf  is  supported  by  a 
pair  of  flowing  scrolls.  Connector. 
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Con'Btant  Bat'ter-y.  A  name  a)>plied  to  the 
Voltaic  battery  of  Professor  Daniell,  in  which  the 
zinc  is  separated  from  the  copper  by  a  porous  dia- 
phragm, such  as  bladder  or  unglazed  porcelain,  two 
distinct  liquids  being  used.  The  imrt  of  the  battery 
containing  the  zinc  is  charged  with  dilute  sulphuric 
acid,  and  the  part  containing  the  copper  is  charged 
with  sulphate  of  copper.     See  Galvanic  Battery. 

Con-Btruo'tion-way.  {Eiilroadvig.)  As  dis- 
tinguished from  the  finished  or  permanent  way  of  a 
railroad.  It  is  a  temporary  way  used  in  transport- 
ing the  gravel,  etc.,  of  the  cuttings  to  the  Jills  or 
places  where  the  embankments  are  to  be  made. 
Also  in  obtaining  gravel  from  other  points  where 
the  cuttings  for  the  track  do  not  furnish  it. 

AI90  used  in  transporting  material  and  men  to  the 
point  at  which  the  work  is  progressing  and  in  car- 
rying ballast  for  the  track. 

*  Con'taot-lev'eL  A  valuable  adaptation  of  the 
spiiit-level  used  by  certain  instrument-makers  for  the 
production  of  exact  divisions  of  scales,  and  generally 
lor  the  determination  of  veiy  minute  differences  of 
length. 

This  device  was  invented  about  the  year  1820,  by 
Repsold,  a  celebrated  instrument-maker  of  Hamburg, 
whose  mechanical  gcmius  first  manifested  kself  in 
the  repairing  of  chronometers  while  he  was  mate  of 
a  vessel  at  sea. 

It  consists  of  a  very  delicate  level  pivoted  at  its 
middle  and  across  its  length,  with  a  small  tilt-weight 
at  one  end,  which  tips  always  in  one  direction. 
From  the  center  of  the  level  downwai-d,  a  short  rigid 
arm  extends  with  a  plain  polished  surface  i>erpen- 
dicular  to  the  chonl  of  the  level,  and  against  which 
the  contact  is  made.  The  carrier  of  this  arrangement 
is  either  fixed,  or  mounted  on  a  slide,  governed  by 
a  micrometer  screw.  If  now  the  end  of  a. rod  ter- 
minating in  a  hardened  steel  point  l)e  advanced  hor- 
izontally till  it  bears  against  the  contact-arm,  the 
level  will  gradnally  assume  the  honzontal  position, 
and  the  movement  of  the  bubble  as  indicated  by  the 
siale  upon  the  glass  will  depend  upon  the  relation 
between  the  radius  to  which  the  level-tube  is  ground, 
and  the  length  of  the  contact-lever.  If  the  latter 
is  i  an  inch  long,  and  the  radius  of  the  glass  tube 
is  400  feet  (levels  for  astronomical  purposes  are 
ground  to  a  sweep  of  800  and  1,000  feet  radius),  we 
have  the  relation  between  the  lever  and  radius  as  1 
Is  to  9,600,  and  as  ^s^  of  an  inch  can  readily  be  read 
from  the  level-scale,  4-sit'oTro  of  ftn  inch  (9,600  x  50) 
will  be  the  ditfereuce  in  length  which  each  division 
on  such  a  scale  indicates. 

When  it  is  remembered  that  such  a  determination 
of  length  can  be  repeated  indefinitely,  and  that  the 
readings  are  made  without  the  aid  of  a  magnifying- 
glass  or  aitificial  illumination,  the  perfection  and 
beauty  of  the  method  will  be  appreciated. 

Con-tin'u-oiui  HaiL  A  rail  made  in  sections 
with  n  longitudinal  vertical  joint,  and  the  sections 
laid  together,  breaking  joint. 

The  continuous  rail  has  been  tested  on  the  New 
York  Central  Railroad  and  on  other  American  lines. 
Its  smoothness  of  action  left  but  little  to  be  desired 
while  it  was  new,  but  it  soon  deteriorated.  The 
rail  is  made  in  sections  which  have  a  longitudinal 
vertical  joint ;  the  parts  being  united  by  bolts  and 
nuts,  with  the  addition  of  fish-plates  at  the  trans- 
verse joints.  The  sections  break  joint,  that  is,  the 
junction  of  two  pieces  on  one  side  comes  opposite  to 
an  unbroken  surface  of  the  rail  on  the  other  side. 
See  Fishing. 

ContOine.  The  space  between  the  strands  on 
the  outside  of  a  rope.  In  worming,  this  space  is 
filled  up  with  spun  yam  or  small  ro^ie,  which  brings 


the  rope  so  treated  to  a  nearly  cylindrical  shape, 
either  to  strengthen  it  or  to  render  the  surface 
smooth  and  fair  for  serving  or  parceling. 

Con-tour^  {Fortifi^xUion,)  Natvral  contour: 
the  form  of  the  ground  surface  with  respect  to  its 
undulations. 

Line  of  contour:  a  horizontal  plane  intersecting 
a  portion  of  ground. 

Con'tra-baa^o.  (Music.)  The  largest  and 
deepest-toned  of  the  series  of  stringed  instruments 
played  with  the  bow.     A  doulile-bass. 

Con-trac'tion-mle.  A  rule  in  excess  of  stand- 
ard measurement  used  by  pattern-makers,  to  allow 
for  the  conti-action  of  the  cast  metal  in  cooling. 

Con'tra-mure.  An  out- wall  built  about  the 
wall  of  a  city  or  fortification. 

Con'trate-wheeL  A  crovm'Vfheel  or /or  cc- wheel, 
in  a  watch.  Also  known  as  the  fourth  wheel.  Its 
cx)gs  project  perpendicularly  to  the  plane  of  the 
wheel.  It  gave  a  name  to  the  old  vertical  or  verge 
movement,  in  clocks  and  watches,  where  a  crown- 
wheel is  placed  in  engagement  with  the  pinion  on 
the  arbor  of  the  escape-wheel,  in  order  to  bring  into 
horizontal  position  m  the  clock  the  arbora  of  all 
except  the  escape-wheel.  The  andior  pallet  has  put 
the  contrate-wheel  out  of  use  in  clock  escapements, 
and  the  lever  and  other  movements  have  supersetled 
the  old  vertical  movement  in  watches. 

Con'tra-val-la'tion.  {Fortification.)  An  ad- 
vanced offensive  work  consisting  of  a  trench  and 
parapet  to  check  sallies  of  the  garrison. 

Con'tra-va'peur.  A  French  invention,  a  partial 
substitute  for  brakes.  It  consists  in  injecting  a 
small  stream  of  water  from  the  boiler  into  the  ex- 
haust-pi^ies  or  passages  before  and  during  the  re- 
versal, so  as  to  bring  a  counter-pressure  of  steam 
upon  the  piston. 

Con-troller.  (NaiUical.)  A  c»ast-iron  block 
having  depressions  on  its  upper  surface  adapted  to 
fit  the  links  of  the  cable  whicii  passes  over  the  block 
on  its  way  from  the  locker  to  the  haw.se-hole. 

Controllere  are.  boltwl  to  the  deck  at  various 
points  in  the  line  traversed  by  the  cable.  The  Ut- 
ter tends  to  drop  into  the  hollow  of  the  block  which 
then  aiTests  the  motion .  The  cable  may  be  lifted 
out  of  the  hollow,  by  the  short  arm  of  a  lever  which 
rises  from  the  bottom  of  the  hollow  in  the  block. 

Con-ver'sion.  {Shipbuilding.)  The  cutting 
—  usually  with  the  saw  —  of  logs  of  timber  into 
pieces  nearly  of  the  shape  required. 

Con  ver-fla'tion-tube.  An  elastic  tube  with 
a  mouth-piece  about  two  inches  in  diametel*,  and  at 
the  other  end  an  ear-piece.  The  neck  is  a  yard 
or  more  in  length,  made  of  spiral  wire  covered  with 
caoutchouc  and  overspun  with  mohair  or  silk. 

Con-vert'ing.  1.  {FH.re-arms.)  A  name  applied 
to  chanpng  muzzle-loading  anns  to  breech-loaderai, 
and  which,  in  some  form,  nas  taken  place  with  the 
small -arras  of  most  national  armaments. 

From  among  the  various  competing  pJaus  for  con- 


verting the  En- 
field rifle  of  the 
English  seivice 
into  a  breech- 
loader, that  of 
Snider  was 
adopted.  The 
cost  of  conver- 
sion is  about 
155.  English  for 
each  rifle. 

The  method 
is  as  follows :  — 

About      two 


Fig.  14S1. 


Snider^s  Qmrerted  Enfield  Ri0e. 
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inches  of  the  baiTel  are  cut  away  at  the  breech,  and 
a  solid  breech-stopper  A,  working  sideways  on  a 
hinge,  is  pUiced  in  the  opening  thus  made.  Through 
this  stopper  passes  a  piston,  one  end  of  which,  u&, 
when  the  breech  is  closed,  receives  the  blow  from 
the  hammer,  while  the  other  communicates  it  to 
the  center  of  the  cartrid|^e,  thus  firing  the  latter. 
The  empty  cartridge-case  is  retracted  after  each  dis- 
cbai^e  by  means  of  sliding  back  the  stopper  on  its 
pintle,  when  the  tilting  of  the  piece  tips  out  the  shell 
and  another  can  be  inserted.  It  weighs  9  pounds 
5^  ounces,  and  has  been  fired  fifteen  times  in  a  min- 
ute. 

The  Sprinff field  {\J.  S.)  rifle  is  also  converted  into 
a  breechrloader.     See  FiRE-AUM. 

2.  Easing,  or  reducing  a  ship  by  a  deck  ;  or 
othenvise  changing  or  degrading  it  into  a  battery- 
vejsel,  or  a  receiving  or  prison  hulk.' 

3.  Decarbonizing,  or  changing  cast-iron  into 
steel.     See  Convertor  ;  Bessemer  Process. 

Con-vert'ing-fur'nace.  One  for  converting 
wrought-iron  into  steel.  Wrought-iron  is  iron  in 
its  greatest  purity,  though  it  is  seldom  that  all  the 
impurities  are  perfectly  eliminated.  Steel  contains 
a  portioi)  of  caroon,  more  or  less,  and  is  a  carburet 
of  iron.  Cast-iron  contains  a  much  larger  amount 
of  carbtm.  Qualities  of  each  depend  upon  the  quan- 
tity and  nature  of  othe^  matters  which  are  combined 
wi^h  the  iron,  some  being  undesirable  but  difficult 
of  removal,  and  others  oeing  purposely  added  to 
confer  a  quality  or  to  neutralize  extraueojs  matters 
which  are  present. 

The  bars  of  iron  are  cut  by  sheai-s  to  the  required 
length  and  are  placed  in  layers  in  a  flat,  narrow  fur- 
nace, with  intervening  layers  of  pounded  charcoal. 
Above  the  alternate  strata  of  iron  and  charcoal  is  a 
covering  of  ferruginous  earth.  The  mass  being 
heated,  the  carbon  is  in  some  way  absorbed  hy  the 
iron,  which  is  converted  into  steel.  This  is  known  as 
Cementation  (which  see). 

The  resulting  blister  steel,  so  called  from  the 
blisters  formed  by  bubbles  of  gas  which  was  elimi- 
nated during  the  process  of  conversion,  is  then 
cut  up,  reheated  and  hammered,  and  becomes  sficar 
steel. 

Blister  steel,  cut  up,  heated  in  crucibles,  poured 
into  molds,  and  the  ingots  hammered  into  shape, 
becomes  «^?^-steel. 

Con-vert'or.    An  iron  retort  in  which  molten 


iron  is  exposed  to  a  blast  of  air,  the  oxygen  of  which 
bums  out  the  carbon  and  some  other  impurities  of 
the  iron ;  a  subsequent  addition  to  the  charge 
makes  a  further  chemical  change,  and  the  result  is 
a  grade  of  steel.     It  is  used  in  the  Bessemer  process. 

Condensing,  from  a  brilliant  description  by  Mr. 
R.  W.  liaymond  of  the  process  as  conducted  by  Mr. 
HoUey,  it  may  be  briefly  described  as  follows  :  — 

The  five-ton  convertor  is  an  iron  vessel  14-i  feet 
high  and  9  feet  in  diameter  externally,  of  a  bmbous 
shape,  and  hung  u^x^n  trunnions.  The  lower  hemi- 
sphere is  truncated,  giving  a  flat  bottom,  five  or  six 
feet  in  diameter.  The  upper  hemisphere  tenninates 
in  a  large  neck  inclined  sidewise,  so  that  a  flame 
issuing  under  pressure  from  the  mouth  of  the  up- 
right convertor  is  obliquely  directed  into  a  chimney, 
guarded  by  a  hood.  The  whole  vessel  has  a  rude 
resemblance  to  a  pear.  It  is  supported  by  heavy 
trunnions  on  each  side  of  the  center,  and  revolved 
upon  these  by  hydraulic  power. 

This  huge  iron  bottle,  with  its  neck  awry,  is  lined 
with  a  foot  of  refractory  silicious  material,  known  as 
ganister,  to  pi-eserve  the  iron  shell.  The  trunnion 
is  hollow,  and  a  passage  from  it  runs  down  the  out- 
side, looking  like  a  strong  rib  in  the  iron  surface,  to 
the  bottom,  where  it  conmmnicates  with  the  tuyeres. 
The  bottom  of  the  Holley  convertor  is  movable,  and 
when  taken  out  looks  like  a  gi-eat  plug  of  fire-brick, 
two  feet  high,  resting  upon  a  cast-iron  disk.  The 
tuyeres,  or  nozzles  for  the  blast,  are  imbedded  ver- 
tically in  the  lining,  and  present  ten  groups,  each 
containing  a  dozen  three-eighths  inch  noles.  The 
aggregate  area  of  these  openings  is  equal  to  that  of 
a  single  tuyere  4.1  incnes  in  d^amet^r,  but  the 
thorough  agitation  produced  by  dividing  the  blast 
secures  much  greater  useful  effect.  The  pressure  of 
the  blast  is  twenty-five  jjounds  per  squai-e  inch. 

The  convertor  in  its  upright  position,  being  heated 
by  a  charge  of  coals  ana  the  blast,  is  turned  mouth 
downward  to  vomit  out  the  glowing  coals,  then 
upon  its  side  to  receive  its  charge,  which  runs  from 
the  cupola  furnace  above,  along  a  trough,  and 
plunges  into  the  moutli  of  the  convertor.  The 
position  of  the  retort  at  this  time  prevents  the 
charge  from  running  into  the  tuyeres  before  the  blfat 
begins.  Afterwards  the  pressure  of  the  air  itself 
keeps  the  passages  clear.  Then  the  blast  is  let  on, 
and  the  convertor  swung  back  to  a  vertical  position. 
A  tongue  of  white  flame  conies  roaiing  out  of  the 


Fig.  14S2. 


Convertor. 


mouth.  The  silicon  of  the  pig  oxidb.es  first,  with- 
out very  intense  flame  ;  but  as  the  graphite  and 
especially  the  combined  carbon  begin  to  turn  also, 
the  heat  rises  to  some  5,000°  F.,  and  the  light  is  so 
brilliant  as  to  cast  shadows  across  full  sunsnine. 
In  fifteen  or  twenty  minutes  the  marvellous  illu- 


mination ceases  more  suddenly  than  it  began. 
The  volume  and  brilliancy  of  the  flames  diminish 
together  with  startling  rapidity.  This  change  of  the 
Bessemer  flame  marks  the  elimination  of  most  of  the 
earlwn,  and  indicates  the  critical  moment.  When 
it  arrives,  the  blast  is  stopped,  the  convertor  is 
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turned  upon  its  side,  and  600  pounds  of  melted 
spiegelelsen  are  turned  into  it,  as  the  pig  was  pre- 
viously charged.  The  reaction  is  instant  and  vio- 
lent. The  manganese  of  the  spiegeleisen  combines 
with  any  sulphur  that  may  remain  in  the  bath, 
forming  compounds  which  pass  into  the  slag.  It 
also  decomposes  in  the  slag  silicates  of  iron,  taking 

Fig.  1488. 


Hottey's  Convenor. 

the  place  of  the  iron  and  returning  it  to  the  bath. 
Finally,  the  carbon  and  manganese  together  reduce 
the  oxide  of  iron  formed  during  blowing,  which  would 
destroy  the  malleability  of  the  iron.  This  is  quickly 
accomplished,  and  now  the  gigantic  converter,  like 
a  monster  weary  of  drinking  boiling  iron  nnd  snort- 
ing fire,  turns  its  mouth  ilownwara,  and  discharges 
its  contents  into  a  vast  kettle  or  ladle,  brought  un- 
derneath for  the  purpose  by  one  of  those  intelligent 
cranes  that  stand  around  so  silent  and  so  helpful. 
The  ladle  is  swung  over  the  molds  ranged  round  the 
side  of  the  semicircular  pit  below,  like  a  row  of  Ali 
Baba's  oil -jars,  each  capable 
of  containing  a  bandit.  The 
white,  one  would  almost  say 
transi)arent,  metal  is  drawn 
off  into  these  through  a  tap- 
hole  in  the  bottom  of  the 
ladle,  retaining  the  slagwhich 
floats  on  the  surface  till  the 
last.  When  the  first  mold  is 
filled,  the' plug  is  closed,  the 
ladle  swung  round  to  the  sec- 
ond mold,  and  so  on  till  all 
the  steel  is  thus  cast  into  ingots,  the 
size  of  which  varies  with  the  kind  of 
work  for  which  the  steel  is  required. 
A  thin  steel  plate  is  placed  on  the 
top  of  each  casting  immediately  the 
mold  is  filled,  and  over  this  a  bed 
of  sand  is  placed,  and  speedily  and 
firmly  pressed  down. 

As  soon  as  the  ingots  have  solidi- 
fied, and  while  they  are  still  glowing, 
the  molds  are  lifted  oflT  them  by 
means  of  an  hydraulic  crane,  and  af- 
terwards the  ingots  are  picked  up 


by  tongs  attached  to  the  same  machinery,  and  are 
carted  away,  all  red-hot,  to  the  liammer-shops,  where 
they  are  thumped  and  rolled  or  otherwise  tortured 
into  their  remiired  forms  of  rails,  tires,  and  plates. 

Con'vez  Lens.   One  having  a  protuberant  fonn. 

A  plano-convex  lens  has  one  fiat  and  one  bulging 
side. 

A  concavo-convex  or  convexo-concave  has  one  pro- 
tuberant and  one  depressed  side. 

A  convexo-convex  or  double-convex  has  two  convex 
surfaces,  not  necessarily  of  .the  same  radii.  Set* 
Lens. 

A  mechanical  means  of  carr}"ing 


Fig.  1484. 


Con-vey'or. 

objects.  A 
term  applied 
usually  to 
those  adapta- 
tion s  of  J 
band-buck-  ,, 
ets  or  spirals 
which  con- 
vey grain, 
chaff,  ttour, 
bran,  etc., 
in  thrashers, 
elevators,  or 
grinding- 
mills ;  or  ma- 
terials  to 
upper  stories 
of  ware- 
houses or 
shops,  or 
buildings  in 
course  of 
erection. 

(See  Elevator.)  Also  applied  to  those  arrange- 
ments of  carriages  traveling  on  ropes,  by  which  hay 
lifted  by  the  horse-fork  is  conveyed  to  distant  part's 
of  a  bara  or  mow  (Fig.  1484) ;  or  materiab  to  a 
stnicture,  as  shown  in  the  full-page  cut  opposite  to 
page  49. 

Con'voy.  One  name  of  a  friction  brake  for  car- 
riages. 

Cook'ing^range.  A  cooking  arrangement,  in 
which  the  devices  —  grate,  oven,  boiler,  etc.  — 
are  placed  in  a  row  (ranged),  and  set  in  brickwork 
within  the  fireplace,  so  called.  Portable  ranges  are 
not  so  built  in,  but  are  cooking-stoves.     One  of  the 

Fig  1435. 


1^  Elerator  and  Conveyor. 


Cooking- Range. 
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latter  kind,  for  hotel  or  steamboat  use,  is  shown  in 
Fig.  1 435,  in  which  the  fire-chambers  h  h  k,  ovens 
i  i,  and  Hues,  are  so  arranged  that  the  range  has  two 
fronts  and  an  end,  so  that  attendants  can  have  ready 
access  to  all  parts  of  the  range.     The  products  of 
combustion  are  utilized  in  heating  closets  below  the 
ovens  for  warming  plates  and  keeping  the  viands 
warm,  and  thence  dive  into  the  sub-floor  Hue  /, 
which  connects  with  the  chimney  of  the  building. 
Cook4ng-atove.    A  structure,  usually  of  iron, 
containing  a  fuel- 
"■    ^"^  chamber  and  ovens, 

with  holes  into 
which  pots  may  be 
set  to  boil  the  con- 
tents. 

Stoves  are  com- 
paratively uncom- 
mon' in  England. 
They  prefer  the 
open  fireplace  for 
apartments  and  the 
range  for  kitchens. 
See.  R.A.NGE, 

The  English  cook - 

stove  of  forty  yeai-s 

since  is  shown  in 

the    annexed  cut. 

"  The  front  of    the 

English  Stove.  stove  is  a  grate  at 

which  joints  may 

be  roasted.     Between  the  fire-back  and  the  oven  is 

an  air- flue.     A  part  of  the  front  may  be  lowered,  as 

shown  in  dotted  lines,  to  form  a  shelf  for  stewing. 


Fig.  1437  represents  an  ordinary  form  of  stove,  the 
doors  being  opened  and  lids  off  to  expose  the  interior. 

Fig.  1438  IS  an  attempt  to  secure  a  roasting-stove 
by  means  of  direct  radiation  from  the  fire-box  into 
the  oven  through  the  back  fire-plate  and  the  front 
oven -plate  for  roasting  or  bailing ;  but  this  direct  ra- 
diation is  shut 

off    when    the  Fig-  1439. 

oven  is  used  for 
baking. 

Fig.  1439  has 
an  elevated  ov- 
en and  a  coal- 
magazine,  be- 
ing an  api)lica- 
tion  of  the  base- 
burning  princi- 
ple to  tne  cook- 
mg-stove.  The 
base  is  connect- 
ed by  vertical 
flues  to  the  u))- 
per  part  con- 
taining the  ov- 
en. There  are 
many  hundreds 
of  varieties; 
some  differ- 
ences being  ac- 
tual, some  im- 
aginary. 

Cool'er.  1. 
(Brewing. )  A 
lai^  vat,  relatively  broad  and  shallow,  in  which  the 
beer  is  cooled.  Mechanical  appliances  are  sometimes 
ised  to  expedite  the  pixwess.  See  Liquid-cooleii  ; 
Beer-cooler. 

2.  {Donujitic.)  a.  An  ice-chest  or  safe  for  viantls 
n  hot  weather.     See  Refki(;eiiator. 

b.  A  tin  v<;ssel  with  lid,  fauc4*t,  and  non-conduct- 
ng  jacket,  for  containing  ice-water. 

3.  (Svgar.)  A  trough  in  which  condenstd  cano- 
uice  from  kettles  or  vacuum   pans  is   placed   to  . 


EleveUed-Ocen,  Base-Burning  Cooking' 
Stove. 


American  Cooking 'St  ore. 

A  plate  may  be  in  front  to  form  a  blower.  The  fire 
is  directed  above  or  below  the  oven  by  means  of 
dampers.   The  passage  between  the  fire  and  the  oven 

is  supplied  by 


Fig.  1438. 


Koatting- Stove f  with  Reservoir. 


air  from  below, 
anddis4tharges 
into  the  oven, 
from  whence  a 
»  pipe  discharg- 
es the  fumes  of 
the  cooking  in- 
to the  chim- 
ney. This  is 
said  to  have 
the  effect  of 
roasting  rather 
than  bilking. 


Sugar- Cooltr 

cry.stallize.  In  Cul)an  sugar-houses  each  cooler 
holds  IJ  hogsheads. 

Cool'ing-floor.  A  large  shallow  tank  in  which 
taort  is  cooled.  Horizontal  %'anes  for  causing  a  cir- 
culation of  air  over  the  wort  are  called  fiightcrs. 
Apparatus  for  bringing  the  wort  in  contact  ^nth 
artificially  cooled  surfaces  are  Refriokkators 
(which  see). 

Coom.  A  term  applied  to  refuse  matters,  such  as 
soot,  smoke-black,  coal-dust,  the  mold  which  form^* 
on  some  liquids,  the  driji  of  journal-boxes,  etc. 

Coop'er-ing.  The  art  of  making  casks  and  bar- 
rels. 
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The  invention  is  ascribed  by  Pliny  to  the  people 
who  Uved  at  the  foot  of  the  Alps.  It  seems  to  have 
attained  great  excellence  at  an  early  day. 

The  business  is  diWded  into  several  kinds,  which 
may  or  may  not  be  carried  on  together. 

Dry  coopering  consists  of  making  bari*els  for  flour, 
hams,  eggs,  gram,  sugar,  etc. 

Wei  or  tigJU  coopering  is  for  whiskey,  molasses, 
pickled  meat,  cider,  vinegar,  etc. 

WhUe  coopering  consists  of  buckets,  tubs,  chums, 
etc. 

Bivcket-making  and  barrel-making  ore  generally 
carried  on  in  factories,  special  machinery  being  em- 
ployed. 

The  accompanying  cut  ^ves  an  impression  that 
the  business  of  coopering  is  conducted  on  energetic 

FU(  1441 


Japanese  Coopers  {from  a  Native  Picture). 

principles.  While  the  Hindoo  bricklayer  sits  at  his 
work,  and  the  blacksmith  of  some  other  country  — 
name  forgotten  —  holds  his  tongs  with  his  foot,  it 
appears  that  in  Japan  one  holds  the  driver  and 
another  climbs  upon  the  trussed  cask  to  use  the 
hammer. 

Coop'er'B  Ham'mer.    A  hammer  with  a  narrow^ 
;xj«/t,  whose  length  is  in  the  plane  of  the  motion  of 
the  hammer  ;  used  for  battering  and  flaring  an  iron 
hoop  to  fit  the  bulge  of  a  cask.     Also  cAlled  a  fiuc- 
li/immer. 

Coop'er'B  Plane.  A  long  plane  set  in  slanting 
position,  sole  upward,  upon  which  staves  are  jointed. 
A  joiiUtr.  Planes  and  shaves  are  or  may  be  nseil 
in  smoothing  the  work.     See  list  under  next  article. 

Coop^er'B  Toola :  —  « 


Adze. 

Auger.     Taper 

Barrel-machine. 

Barrel-head  machine. 

Borer. 

Bucket-machine. 

Bung. 

Bung-cutter. 


Butt-howel. 

Chineing-machine. 

Cleaving-knife. 

Cooner's  hammer. 

Craule. 

Cresset. 

Croze. 

Crozing-machins. 


Doweling-machine. 

Drawing-knife. 

Driver. 

Flagging-iron. 

Flue-hammer. 

Frow. 

Gathering-hoop. 

HeAding-circler. 

Heading-knife. 

Heading-machine. 

Hollowing  and  backing- 
machine. 

Hoop. 

Hoop-bending  machine. 

Hoop-cutter. 

Hoop-dre.ssing  machine. 

Hoop-driver. 

Hoop-punching  machine. 

Hoop-riving  machine. 

Hoop-shaving  machine. 

Hoop  splaving  and  bend- 
ing macnine. 

Howel. 

Inshave. 


Jigger. 

Jointer. 

Overshave. 

Pack. 

Pail-machine. 

Raising-knife. 

Rounding-machine. 

Setting-up  machine. 

Shook. 

Spoke-shave. 

Stave. 

Stave-bender. 

Stave-cutter. 

Stave-dresser. 

Stave-jointer. 

Stave-machine. 

Stave-sawing  machine. 

Stave- setter. 

Tap-borer. 

Truss-hoop. 

Turrel. 

V-croze. 

Vyce. 


Coo-thay'.  {Fabric,)  A  striped  satin  made  in 
India. 

Cop;  Cop'pin.  1.  {Spinning.)  A  conical  ball 
of  thread  wound  upon  a  spindle  or  tube  in  a  spin- 
ning-machine, and  removable  by  slipping  there- 
from. , 

The  eopping-rccl  is  the  means  of  distributing  the 
roving  or  yam  up  and  down  on  the  bobbin,  so  a^  to 
wind  It  into  the  form  required.  The  form  (1,  Fig. 
1442)  is  the  result  of  a  scheme  for  giving  each  layer 
an  equal  length  of  yarn,  so  that  tlie  length  of  the 
layer  on  the  bobbin  shall 
dea-eoM  as  its  diameter 
increases. 

The  increase  in  diam- 
eter renders  necessary  h 
decrease  in  speed,  in  or- 
der that  it  may  wind 
enual  yarn  in  equal  times. 
Tnis  is  accomplished  by 
a  device  called  a  conc- 
puUey  (which  see). 

The  cop  (2,  Fig.  1442) 
niade  on  the  spindles  of 
the  mule  is  of  a  different 
fomi,  the  yam  being 
wound  in  a  double  cone 
as  a  foundation  ab  c  d^ 
upon  which  the  rest  is 
built  upward  in  succes- 
sive layers,  which  are 
easily  unwound,  either 
by  the  reel  or  in  the 
shuttle.  The  conical 
spindle-form  with  coni- 
cal ends  is  preserved  (a 
bee  /),  as  being  the 
most  compact  and  self- 
sustaining,  consideration 
being  had  to  the  form  of 
the  shuttle  in  which  it 
is  to  lie. 

2.  A  tube,  also  known  as  a  quill,  for  winding  silk 
upon  in  given  lengths  for  market  ;  a  substitute  for 
skeins.  Being  hollow,  it  may  be  placed  on  the 
spindle  or  skewer  of  any  winding-machine.  The 
silk  end  is  secured  in  a  slit,  as  in  the  case  of  spools. 

Cope.  1.  (Founding.)  The  upper  part  of  a 
mold  ;  the  lower  is  the  drctg.     It  may  consist  of 


Bobbin  etnd  Cop. 
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several  parts,  which  divide  by  a  vertical  joint  and 
mutually  rest  upon  the  drag.     See  Flask. 

It  is  also  known  as  the  cap^  coal,  top,  case,  dome. 
Some  of  these  are  mere  synonymes,  others  refer  to 
specific  forms  of  the  object. 

2.  {Architecture.)  A  crown,  arch,  or  arched  lin- 
tel.    The  root- meaning  is  the  same  as  cap  or  cover. 

Cope-ohiB'eL  A  chisel  adapted  for  cutting 
grooves. 

Copying.  {Masonry.)  The  top,  protecting  course 
ou  the  top  of  a  wall.     It  is  of  three  kinds  :  — 

Parallel  copiivg,  level  on  top. 

Feather-edgid  copiiig,  bedded  level  and  sloping  on 
top. 

i{addlc-backc'jpingh3ifi9.c\irvtid  or  doubly  inclined 
top. 
'  The  under  edge  should  be  Uiroaied,  that  is,  grooved, 
so  that  the  drip  will  not  run  back  on  the  wall,  but 
drop  from  the  edge. 

Cop'per.  1.  A  red  metal.  Equivalent,  31.7  : 
symbol,  Cti.  (cuprum) ;  specific  gravity,  8.7  to  8.9, 
according  to  density  ;  fusing-point,  1996**  F.  A 
moderately  hard,  malleable,  ductile  metal.  A  good 
conductor  of  heat  and  electricity. 

Its  uses  are  very  numerous.  In  the  shape  of 
wire  and  sheets  its  employments  ramify  through  all 
the  uses  and  conveniences  of  commerce  and  the 
household. 

The  alloys,  brass  and  bronze,  are  the  most  use- 
ful of  that  interesting  class  of  compounds.  Besides 
these,  it  enters  into  the  composition  of  albata,  bell- 
metal,  speculum-metal,  etc.     See  Alloy. 

Its  salts  are  usually  poisonous,  but  brilliant,  and 
are  extensively  U3*d  in  the  arts. 

It  forms  the  material  for  the  lower  denomimition 
of  the  coins  of  mo.^t  civilized  nations. 

Cop|)er  was  known  and  used  long  before  iron. 
The  discovery,  so  far  as  the  nations  depending  on 
the  "Western  Asiatic  civilization  is  concerned,  is 
]>robably  due  to  the  Scythians.  Aristotle,  Pliny, 
and  others  give  the  names  of  the  supposed  discov- 
erers, and  carry  it  back  to  the  era  of  fabulous  divini- 
ties. The  fii*st  alloy  of  copper  was  that  with  tin, 
making  a  bronze ;  afterward  with  zinc,  making  a 
bi"as3.  The  same  name  is  a|)plied  to  both  in  the 
Greek,  also  in  the  Latin.  The  tin  for  tiie  alloy  was 
found  in  the  islands  called  Ca^siteris  or  Cassiteiides, 
which  are  the  Scilly  Islands  and  the  ])romontor}'  of 
Cornwall.  *'  Midacritus,"  says  Pliny,  *'  was  the 
first  who  brought  tin  from  thence,  and  the  islands 
received  the  Greek  name  of  the  metal."  Herodotus 
makes  the  sam?  statement  as  to  the  source  of  the 
metal,  and  the  same  distiict  is  yet  rich  in  tin,  and 
is  wofked  to  great  profit.  The  tin  brought  by  the 
Phcenicians  to  Solomon  to  alloy  the  copper  for  the 
vessels  of  the  Temple  at  Jerusalem  made  other  trips 
when  it  was  carried  to  Babylon,  returned  under  Cy- 
rus, was  retaken  by  Antiochus  Epiphanes,  and  was 
thence  scattered,  probably  in. the  form  of  coin. 

The  references  in  the  Bible  to  copper  are  very 
infreauent,  considering  it  to  be  the  commonest  metal 
they  had.  It  is  but  twice  mentioned,  while  brass 
(so  translated)  is  mentioned  thirty-one  times.  It 
should  be  rendered  broiizi,  its  alloy  biding  tin,  and 
not  zinc. 

Copper  was  in  common  use  in  ancient  Assyria. 
No  iron  was  found  in  the  excavations  of  Khorsabad 
by  M.  Botta,  who  was  the  first  succe-ssful  exploi-er 
of  the  tumtUi  on  the  Tigris.  Iron  ar.xor,  inlaid 
with  copper,  was  found  by  Layard  at  Nimroud. 

Sheet-copper  was  made  in  ancient  Egypt, 

Hesiod  speaks  of  the  third  generation  of  men 
"who  had  arms  of  copper,  houses  of  copper,  who 
plowed    with   copper,  and  the   black   iron  did  not 


exist."  In  the  Homeric  poems,  knives,  spear-points, 
and  armor  were  still  made  of  copper. 

The  process  of  reducing  copper  ore  depends  upon 
its  characU^r.  Swansea,  in  South  Wales,  has  the 
principal  part  of  the  work,  ores  being  brought  there 
from  Cornwall,  Devonshire,  Spain,  South  America, 
Australia,  Africa,  and  the  United  States,  and  there 
they  are  smelted  and  refined.   See  Copper-furnace. 

The  Mansfield  (Prussian  Saxony)  process  con- 
sists in  I'oastin^  the  calcareous  ore  to  expel  the  sul- 
phur and  oxidize  the  metal ;  the  ore  is  then  smelt- 
ed in  a  cu)K)la,  the  sla^  and  molten  metal  being 
drawn  at  two  tap-holes  into  separate  cisterns.  The 
TTuUte,  combijied  sulphurets  of  iron  and  copper,  is  re- 
peatedly roasted,  and  the  resulting  sulphate  of  cop- 
per removed  by  lixiviation.  When  silver  is  present, 
it  is  removed  with  lead,  and  that  separated  by  cu- 
pellation. 

With  the  Longmaid  process  the  copper  pyrites  is 
roasted  in  the  presence  of  chloride  of  sodium.  A 
double  decomposition  ensues ;  sulphuric  acid  is  formed 
and  attacks  the  soda,  the  copper  becomes  a  soluble 
sulphate,  the  iron  is  in  the  form  of  peroxide ;  the 
escaping  fumes  of  chlorine  m    i±ar 

impregnate  lime,  which  be-  ^* 

(•oines  bleaching-powder. 

The  wet  treatment  of 
copper  is  by  grinding  antl 
roasting  ;  sulphuric  acid  is 
formed  and  attacks  the  ox- 
ide of  copper,  the  resulting 
sulphate  is  dissolved  away, 
ami  the  metal  precipitated 
by  |)eroxide  of  iron. 

In  making  sheet-copper 
the  plates  of  copper  from  ^,^^.,  coppcr. 

the  smelting  and  refining 

works  are  heated,  in  small  ovens  called  m  ufflcs,  to  a 
bright-red  heat,  and  then  repeatedly  rolled ;  the  roll- 
ers, at  each  operation,  being  brought  nearer  together. 
The  plates  thus  produced  are  called  blanks,  which 
are  again  heated  m  the  muffle  and  rolled  again.  A 
repetition  of  the  process  makes  stieet-copper. 

2.  A  large  vessel  —  usually  of  copper  —  set  in 
brickwork,  and  used  by  laundefs,  coopers,  brewers, 
bleachers,  dyei-s,  and  on  shipboard ;  in  Iwiling 
clothes,  staves,  cloths,  etc.,  or  in  making  extracts  or 
decoctions. 

Cop'per  Al-lojrs'.  •  Copper  is  the  most  useful  of 
all  metals  for  alloys,  and  a  list  of  its  combinations 
is  given  on  page  61  ct  seq. 

Cop'per-bit.  A  pointed  piece  of  copper,  riveted 
to  an  ii-on  shank  and  provided  with  a  wooden  han- 


Fig  1444 


die.  It  is  used  for  soldering.  If  not  previously 
tinne<l,  it  is  heated  to  a  dull  red  in  a  charcoal  fire  ; 
hastily  filed  to  a  clean  metallic  surface  ;  then  rubbed 
immediately  upon  a  lump  of  sal-ammoniac,  and  next 
upon  a  copper  or  tin  plate,  ufwn  which  a  few  di-ops 
of  solder  have  been  placed.     This  will  completely 
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coat  the  tool,  which  may  be  wiped  clean  with  a 
piece  of  tow,  and  is  ready  for  use.  a  b  show  dif- 
ferent positions  of  the  bit  on  its  stock. 

c  is  a  device  by  which  a  gas-jet  is  applied  to  the 
back  of  the  coppar-hU^  admitting  of  its  constant  use, 
without  continued  reference  back  to  the  furnace  for 
reheating.  The  gas  passes  through  the  elastic 
tube,  and  thence  through  the  handle  and  shank, 
whence  it  issues  in  a  jet  upon  the  back  of  the  bit, 
in  quantities  determined  by  the  stopcock.  The 
elastic  tube  allows  the  tool  to  be  moved  re^ily  in 
any  direction. 

Cop'per-bot'tomed.  {Shipbuilding.)  Having 
that  portion  of  the  outer  skin  which  13  exposed  to 
the  water  sheathed  with  copper,  as  a  ])rotection 
against  that  great  bore,  the  Teredo  wivalis. 

Cojyper-oap.  The  copper  capsule,  charged  Mith 
a  fulminate  and  placed  on  the  nipple  of  a  fire-arm, 
to  explode  the  ehai^  when  the  hammer  falls. 

Cop'per-faoed.  {Type.)  Having  a  face  of 
cornier  upon  a  shank  of  type-metal. 

Cop'per-faBt'ened.  [Shipbuilding.)  Having 
the  planks,  etc.,  fast.^ned  with  copper  bolts,  in  con- 
tradistinction to  iron  ;  the  latter  being  liable  to 
rust,  especially  in  contact  with  oak  and  by  exposure 
to  wet. 

Cop'per-fur'naoe.  Copper-smelting,  as  prac- 
ticed at  Swansea,  Wales,  consists  of  the  following 
processes :  — 

1.  Calcination  of  the  ore.  This  is  conducted  in  a 
reverbcratory  furnace.  (See  Calcining-furnace  ; 
CopPKR.)  The  charge  is  introduced  by  "hopper  on 
to  the  hearth  of  the  furnace,  where  it  is  exposed  for 
11 A  hours  to  a  flame,  which  disengage.^  the  sulphur 
and  arsenic  in  a  gaseous  shape. ' 

2.  Separation  of  the  (U)pperfrom.  gangne  and  oxide 
of  iron.  This  is  accomplished  in  a  melting-fumace, 
which  collects  the  copper  in  a  maUf  consisting  of 
sulphuret  of  conper  and  iron,  tlie  gangue  and  oxide 
of  iron  in  the  shape  of  scori®,  and  drives  off  certain 
amounts  of  sulphur  and  other  volatile  mattei-s. 

Each  charge  is  in  the  furnace  four  hours.  The 
matt  collects  in  the  basin  of  the  hearth,  and  is  nin 
off  into  a  cistern,  whereby  it  is  granulated.  The 
scoriffi  is  nin  off  inVb  sand-pits  of  small  size,  where  it 
forms  bricks,  which  are  examined  for  traces  of  cop- 
per and  the  richer  ])oi'tions  retained  for  renielting. 

The  copper  is  in  the  condition  called  coarse  inctal. 

8.  Calcination  of  the  coarse  nieUd.  This  is  per- 
formed in  a  reverberatory  furnace,  the  heat  being 
gradually  increased  for  "36  hours.  The  copper  here 
reaches  the  condition  of  calcined  coarse  metal. 

4.  Oxidation  and  removal  of  the  iron.  To  the 
product  of  the  former  operation  are  added  certain 
copper  ores  free  from  sulphuret  of  iron.  By  melting 
in  connection  therewith,  the  sulphuret  of  iron  is 
oxidized  and  pa.sscs  intx)  the  slag,  while  the  copper 
liecomcs  a  mait^  in  the  condition  of  while  metal. 
The  charge  is  six  hours  in  the  furnace. 

6.  Remetting  a)ui  refining  the  matt.  By  the  ap- 
plication of  heat  in  a  furnace  the  reactions  of  the 
former  operations  are  repeated  ;  disengaging  sul- 
phurous acid,  setting  copper  free  to  unite  with  the 
matlj  and  removing  iron,  which  passes  from  the  con- 
dition of  sulphuret  to  an  oxide  aAd  imsses  into  the 
SCO  rise. 

The  product  is  known  as  blue  metal. 

6.  Jiemelting  of  slags.  The  slags  resulting  from 
operations  4,  7,  and  8,  are  mixed  with  certain  other 
ores  in  a  furnace,  and  several  chemical  reactions 
take  place,  which  result  in  two  metallic  products  for 
future  operations,  —  red  and  white  metals. 

7.  Refining  of  the  blue  metal.  The  blue  metal 
of  oi)eration  5  is  slowly  calcined,  and  then  fused  at  [ 


a  high  temperature,  the  fii-st  part  of  the  operation 
taking  8|  hours,  and  the  second  2^  hours.  The  re- 
actions are  to  some  extent  repetitions  of  the  former, 
and  the  product  is  white  metal. 

8.  Refining  of  former  metallic  products.  The 
white  metal  of  operation  7,  and  the  red  and  v.-hit^ 
metals  of  operation  6,  are  calcined  and  then  refined, 
producing  a  rich  regulus  of  copper,  a  rich  slag,  and 
tx)ttoms. 

9.  Combining  and  refining  of  former  metallic  pro- 
ducts. The  white  meUU,  regains^  and  bottoms  of 
former  operations  afe  calcined  and  fused,  some  rich 
ore  being  added.  The  product  is  metallic  copper 
and  a  ricn  sla^,  which  goea  back  to  the  operation  4. 
The  product  is  known  as  cocarse  copper.  It  is  run 
into  pigs.     Time  required,  24  hours. 

10.  Converting  the  coarse  copper  into  malleable. 
The  coarse  capper,  in  the  form  of  pigs,  is  placed  in  the 
furnace  ;  about  21 1  hours  being  employed  in  bring- 
ing it  to  that  condition  where  the  slag  on  the  sur- 
face containing  the  metallic  oxides  is  skimmed  off. 
It  is  then  called  dry,  and  is  in  a  condition  which 
would  be  brittle,  were  it  withdrawn.  It  is  rendered 
malleable  by  carbonizing,  charcoal  and  green  wood 
being  thrown  on  the  surface .  It  is  then  ladled  out 
and  poured  into  molds. 

Cop^per-plate  En-grav'iiig:  A  very  ancient 
art ;  in  chasing  or  enchasing  —  that  is,  carving  on 
metal  —  it  is  seen  in  all  the  regions  of  antiquity,  in 
the  ages  of  copper  and  bronze,  before  iron  was  used. 
Many  thousanas  of  years  passed  before  the  plates 
omamented  by  the  graver  were  used  for  printing, 
and  even  then  it  was  suggested  by  taking  proofs  of 
inlaid  or  chased  work.  An  artist  would  take  im- 
pressions of  his  work  for  purposes  of  transfer  or  ref- 
erence, and  from  these  came  the  suggestion  of 
making  the  engraving  in  such  a  manner  that  the 
impression  itself  might  be  beautiful  and  worth  keep- 
ing for  its  merits,  other  than  as  a  workman's  copy. 

In  copper-plate  engraving  the  lines  are  etched,  or 
cut  by  a  graver  in  a  plate ;  then  filled  with  an  ink  ; 
the  surface  of  the  plate  wiped. clean  ;  the  paper  laitl 
upon  the  surface  of  the  plate,  and  both  run  through 
a  roller-press,  by  which  the  ink  is  transferred  to  the 
paper. 

Vasari  ascribes  the  invention  of  engraving  on 
copper  to  a  goldsmith  of  Florence  named  Maso 
Finiguerra,  about  1460.  The  oldest  engravers 
whose  names  and  marks  are  known  were  Israel  de 
Mecheln,  of  Bokholt,  in  the  bishopric  of  Munster ; 
Martin  Schoen,  of  Colmar,  in  Alsace,  where  he  died 
1486  ;  Michael  Wolgemuth,  of  Nuremberg,  the  pre- 
ceptor of  the  famous  Albert  Durer. 

Cop'p6r<^late  Print'ing-preBS.  This  press  is 
for  obtaining  impressions  from  sunken  engravings  ; 
that  is,  those  in  which  the  design  is  cut  \i\lo  the 
copper  or  steel  plate,  in  contradistinction  to  such  as 
have  the  design  salient,  as  in  wood-engravings,  where 
the  part  which  is  not  designed .  to  print  \A  cut  away. 

In  copper  or  steel  plate  engraving,  lines  are  made 
in  the  plate  by  the  graver  ;  by  the  etching-point, 
followed  with  acid ;  by  the  etching-point  alone 
(called  diy  point) ;  and  by  the  diamond  point  of  the 
ruling-machine,  followed  with  acid. 

These  lines  in  the  plate,  whether  fine  or  heavy, 
are  filled  with  ink,  and  the  plate  is  then  passed 
through  the  pres.s  delivering  the  impression  upon 
the  soft,  damp  paper  above  it,  the  ink  adhering  to 
the  paper  and  being  withdrawn  from  the  lines  or  the 
plate. 

To  describe  the  process  a  little  more  at  length  : 
The  plate  is  laid  on  a  small  metallic  table  heat^  \sk 
a  brazier  beneath.  This  is  to  warm  the  ink,  which 
is  made  very  thick,  and  is  laid  on  with  a  dabber  cr 
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roller  until  the  lines  are  all  full  and  the  surface  cov- 
ered. The  surface  of  the  plate  is  then  wii>ed  off  with 
a  cloth,  leaving  the  ink  in  the  lines.  This  requires 
dexterity,  and  the  plate  is  first  wiped  in  one  direc- 
tion anil  then  in  another.  The  bare  hand,  slightly 
dried  by  a  little  whiting,  is  then  applied  to  the  plate 
to  polish  the  surface,  and,  the  margin  being  wiped 
clean,  the  plate  is  laid  upon  the  traversing  bed  of 
the  press. 

The  paper  for  the  impression  is  then  laid  on  the 
plate,  ana  the  workman  turns  the  roller  by  means 
of  the  spokes,  drawing  the  plate  and  paper  between 
the  bed  and  roller,  subjecting  it  to  heavy  pressure, 
and  causing  the  ink  to  adhere  to  the  paper  and  leave 
the  lines  of  the  plate.  Blankets  intervene  between 
the  najier  and  the  roller. 

When  an  **  India  proof"  is  to  be  taken,  the  sheet 
of  fine  India  paper  is  first  laid  on  the  inked  plate, 
anh  the  hacking  of  paper  is  roughened  by  dabbing  it 
with  the  bristles  of  a  stiff  brush.  It  is  then  laid  on 
the  India  paper,  and  the  pressure  causes  the  two 
papers  to  adhere. 

The  old-fashioned  copper-plate  press  has  a  'roller 
moved  by  the  radial  handles,  and  a  bed  traversing  on 
anti-friction  rollers.     A  great  improvement  consists 

Fig  1445. 


Ttate-Press. 

in  the  D-roHer,  which  has  one  flat  side,  and  allows 
the  bed  and  plate  to  return  by  a  counter-weight  af- 
ter passing  beneath  the  periphery  of  the  roller.  A 
farther  improvement  is  the  neater  in  the  bed-plate. 

The  Dutch,  Gennans,  and  Italians  have  contend- 
ed for  the  honor  of  the  invention  of  this  press,  but 
it  has  been  awarded  to  the  Italian  sculptor  and  gold- 
smith, Tomasso  Finiguera,  a  Florentine,  who  lived 
alwut  1460.  It  is  stated  to  have  been  suggested  to 
him  by  the  app(*arance  of  the  impression  derived  by 
the  accidental  pouring  of  a  quantity  of  brimstone 
upon  an  en^ved  plate,  probably  engraved  for  tlie 
ornamentation  of  furniture  or  some  implement  or 
article  of  virtu.  The  first  copper-plate  presses  were 
simple  pressure.  The  rolling-press  was  invented 
in  1545. 

Cop'plxL     (Spinning.)     A  cop  (which  see). 

Cop'ping-plate.  {Spinning.)  The  copping- 
rail  of  a  throstle-machine. 

Cop'ping-rail.  The  rail  or  bar  upon  which  the 
bobbi}i8  rest  in  the  bobbin -and-Jly  or  the  throstle 
machine,  and  by  whose   up-and-down   motion   the 


See  Bobbin- 


rooving  or  yam  is  evenly  distributed. 

AND  FLY    FUAME,  Or  TlUlOSTLE. 

Cop-^tube.  (Spinning.)  The  tube  in  a  spinning- 
machine  on  which  the  conical  ball,  or  cop,  of  thread 
or  yam  is  formed. 

Cop'a-la.  (Mime.)  The  stop  which  connects 
the  manuals,  or  the  latter  with  the  pedals. 

Cop' J.  1.  A  size  of  writing-paper  measuring 
20  X  16  inches. 

2.  Matter  for  printing. 

Cop'y-hold'er.  A  clasp  to  hold  matter  while 
being  set  up. 

Cop'y-ing-in'BQru-ment  A  tracing-instru- 
ment, or  omj  for  multiplying  by  manifold  process. 

A  silhouette-machine  is  one  for  giving,  on  a  re- 
duced scale,  the  outline  of  a  shadow -poitrait. 

A  photograph  is  used  for  copying  drawings  on  a 
changed  scale. 

Another  mo<le  is  by  taking  an  impression  on  a 
web  of  india-rubber,  and  then  stretching  it  to  the  de- 
sired extent ;  or  else  stretching  it  and  taking  the 
impression,  and  allowing  it  to  contract  to  the  de- 
sired extent.  In  either  case  the  impression  may  be 
transfeiTed  to  the  stone  by  the  proper  processes. 

Cop'y-iiig-ma-ohine'.  A  Copy  i  no- press  (which 
see). 

Cop'y-ing-pa'per.  Thin,  unsized  paper,  used 
damp,  for  taking  impiessions  from  writings  in  a 
copying-press. 

Cop'y-ing-presB.  A  machine  for  taking  a  copy 
of  a  writing  by  pressure. 

The  usual  system  is  to  write  with  an  ink  having 
a  somewhat  viscid  character,  and  to  expose  the  WTit- 
ten  page  to  pressure  in  contact  with  a  leaf  of  bibu- 
lous paper. 

One  of  the  first  suggestions  in  this  line  was  by 
Benjamin  Franklin,  who  sanded  the  vet  wet  ink  of 
the  manuscript,  passed  it  between  rollers  in  contact 
with  a  i)olisned  soft-metal  plate,  imbedding  the 
emery  in  the  peM:ter  so  as  to  leave  an  impression 
from  which  a  coj)y  may  be  obtained  by  the  copper- 
plate printing  process. 

James  Watt,  about   1780,  adopted   the  plan  of 

I  pressure  of  a  page  of  bibulous  paper  against  the  damp 

manuscript,  the  writing  being  legible  through  the 

thin       copying- 


paper. 

Rit4:hie'8  copy- 
ing-press A  has 
formed  the  model 
for  most,  of  its 
class,  having  a 
bed,  a  platen, 
and  a  cam-lever. 

The  book  con- 
t  a  i  n  i  n  g  the 
manuscript  in 
contact  with  h 
damp  page,  is 
placed  on  the 
bed,  and  the 
platen  p  bronght 
Mown  by  the  ro- 
tation of  the  nut 
h,  which  trav- 
erses the  screw 
8.  An  effective 
pressure  is  then 
brought  to  lx»ar 
upon  the  screw 
and  platen  by 
the  oscillation 
of  the  lever  Z, 
whose     cam     c 
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bears  upon  the  upper  eud  of  the  screw-shaft,  and 
gives  sufficient  power  to  deliver  the  impression. 

Bkunel's  copying-pi'ess  B  acts  on  tlie  compound- 
lever  principle.  The  bottom  of  the  press  b  receives 
the  book,  and  the  platen,  being  laid  thereon,  is 
driven  down  by  the  pi-essure  of  the  central  stud  A, 
which  is  beneath  the  lever  hinged  at  /. 

A  second  lever  /,  hinged  at  jy  and  having  a  cam  s 
at  the  end,  is  then  brought  to  bear  upon  the  former 
lever,  giving  a  force  equal  to  the  delivery  of  an  im- 
pression from  the  damp  ink  of  the  manuscnpt  upon 
a  sheet  of  thin  bibulous  paper  laid  theixiou  and 
backed  by  a  ilamp  sheet.  * 

Other  modes  of  copying  are  found. 

The  manifold  writer,  invented  by  Wedgwood, 
1806,  and  consisting  of  colored  sheets  alternating 
with  thin  paper,  and  giving  a  number  of  identical 
impressions  by  the  action  of  a  stylus. 

Hawkins's  polygraph,  in  which  several  pencils  are 
carried  in  a  frame,  each  obeying  the  action  of  a  prin- 
cipal and  writing  upon  its  own  particular  sheet  of 
l>aper. 

Cop'y-ing-tel'e-graph.  An  apparatus  for  auto- 
matic telegraphy  known  as  Bonelli's  telegraph. 
The  apparatus  consists  of  a  dispatching  instrument 
and  a  receiver  at  the  resj>ective  ends  of  the  line. 


Oipying- Telegraph 


The  message  is  written  with  a  non-conducting  ink 
on  a  sheet  of  foil,  which  is  then  lapjied  around  the 
roller,  and  a  sheet  of  white  paper  is  wrapped  on  the 
receiving  roller  and  covered  by  a  sheet  of  transfer- 
naj^er.  The  electric  circuit  being  established,  so 
long  as.  the  i>oint  of  the  lever  of  the  dispatcher  is  in 
contact  with  the  metallic  surface  of  the  paper,  the 
armature  of  the  receiver  is  attracted  by  its  magnet, 
and  the  stylus  of  the  receiver  elevated.  When  the 
stylus  of  the  disj>atcher  crosses  the  non-conducting 
ink,  the  circuit  is  broken,  tlie  stylus  of  the  receiver 
drops  upon  the  transfer- paper  and  imprints  a  mark 
upon  the  paper  l>ene4ith.  Bonelli's  had  five  styles 
and  as  many  wirea  ;  the  former  trailed  over  the  line 
of  letters,  making  five  simultaneous  impressions, 
which  gave  dotted  skeletons  of  the  letters,"  the 
lK)ints  being  sufficiently  numerous  and  proximate  to 


Fig.  1448 


enable  the  lettera  to  be  readily  distinguished.  In- 
stead of  the  ink  of  transfer,  chemically  prepared  pa- 
per has  been  used,  which  was  acted  upon  by  the 
spark,  giving  visible  dots  at  the  ix)ints  of  chemical 
reaction. 

Cor'a-ole.  A  fonn  of  canoe  used  in  Egypt  and 
in  Britain  from  the  earliest 
peiiods  of  history.  It  con- 
sists of  a  light  wooden  frame 
covered  with  hides,  and 
ca[)able  of  being  carried  on 
the  shoulders.  The  coracle 
is  still  in  use  in  the  West  of 
England,  Wales,  and  in  some 
parts  of  Ireland. 

The  same  kind  of  boat  is 
yet  used  upon  the  river  Bo- 
I'cJiou,  in  Thibet,  as  men- 
tioned by  the  Abbe  Hue,  in 
his  "  Travels  in  Tartary  and  ,< 
Thibet,"  1844-46.  "Ua^ms' 
composed  of  ox  *hides,  solidly 
sewn  together,  and  kept  in 
shape  by  some  light  triangles 

of  bamboo Theriian 

then  took  his  boat  again  uiK)n 
his  back,  and  rode  off." 

The  birch -bark  canoe  differs  mainly  from  this  in 
the  material  wherewith  it  is  covei-ed.     See  Canoe. 

CorlMd.  {ArchitcxAurc.)  Ov  corbcilU.  A  form 
of  bracket  used  in  Gothic  architecture  to  supjiort 
the  ends  of  timbers,  arches,  pampets,  fioors,  cornices, 
etc.  It  Is  a  projecting  block  of  stone,  usually  carve<l, 
and  with  a  i-eceding  face. 

Corl>el-piece.  A  lK>lster,  a  wooden  support- 
ing piece  or  hraeket.     A  corbel. 

Cor'bel-ta'ble.    A  cornice  supported  by  corbels. 

Cor-bond'.  {Mining.)  An  irregulai*  mass  or 
dronper  from  the  lode. 

uord.  1.  A  string  or  small  rope  composed  of 
several  sti-ands  twisted  together. 

2.  A  kind  of  stout  ribbed  fustian ;  corduroy. 

3.  In  lancy  weaving,  the  space  qf  the  desi^i- 
paper  confined  by  two  vertical  lines,  also  the  string 
which  connects  the  neck-twines  at  the  leiif. 

Cord'age.    See  Ropk. 

Cord-cov'er-ing  Ma-chine.     A  machine  in 

Fig.  1449 
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which  a  cord  (or  wire)  receives  a  covering  of  thread 
or  silk  ;  wlien  tills  Is  plaited  on,  it  constitutes  braid- 
ing. (See  BiiAiDiNG-MACHiNK.)  In  the  machine 
represented,  the  Vam-bobbins  Z>  Z)  are  upon  carriers, 
and  the  yarn  proceeds  upwardly  through  the  spindles 
C  and  the  flyer-bobbins  F,  which  are  sleeved  there- 
on and  carry  the  silk,  which  is  twisted  by  the  flyer 
around  the  yarn  or  cord  from  the  spool  2>  at  a  point 
l)elow  where  it  issues  from  the  guide  O.  At  a  point 
above,  the  three  covered  yarns  are  twisted  into  a 
threefold  eoi-d  or  bullion. 

CJord-dry'er.  A  machine  for  drying  sized  or 
dyed  cords,  webbing,  tapes,  etc. 
'The  stuff  passes  beneath  rollers  submerged  in  the 
lignid  of  the  tank,  thence  beneath  pressure-rollers, 
wnieh  remove  superfluous  moisture  ;  then  betwoen 
flattening  rollers,  thence  to  the  dryer,  which  has  a 
series  of  parallel  pipes  placed  in  slightly  inclined 


Fig  1450. 


Cord' Dry ing  Machine, 

ranges  ;  the  material  to  be  diied  passing  up  and  down, " 
being  interlaced  between  the  pipes.  Hollow,  heated 
cylinders,  around  which  the  fabric  passes,  are  placed 
between  the  ranges 

Cord'ed  Fab'rio.  One  having  a  pile  which  is 
cut  in  ribs  in, the  direction  of  the  length  of  the 
warp,  as  corduroy. 

One  having  alternate  lai^er  and  smaller  threads, 
either  in  the  weft  or  the  warp,  so  as  to  give  a  ribbed 
or  corded  surface. 

Coird'er.  {Sevying-maeJiine.)  A  device  for  lay- 
ing cords  between  fabrics,  or  cords  or  braids  on  the 
surface  of  a  fabric.  See  "Sewing-Machine  Attach- 
ments," published  by  G.  W.  Gregory,  Washington, 
D.  C. 

Cor-dillas.    (Fabric,)    A  kind  of  kersey. 

Cord'ing.  (Weaving.)  The  cording  of  a  loom 
is  the  arrangement  of  the  heddles  so  that  they  move 
in  such  clusters  and  times  as  may  be  required  for  the 
production  of  the  pattern.  (See  Draft.)  A  set  of 
heddles  connected  with  a  given  shaft  is  called  a 
leaf.  Each  shaft  is  connected  by  a  cord  to  the 
tr^lc  whereby  it  is  moved. 

Cor'don.  I,  {Fortification,)  The  coping  of  the 
revetment  of  the  scarp^  which  is  the  inner  wall 
of  the  ditch.  At  this  point  the  fraiae  is  placed,  if 
such  be  used. 

The  cordon  projects  a  foot  beyond  the  face  of  the 
scarpf  or  revetment,  ■ 

2.  The  edge  of  a  stone  on  the  outside  of  a  build- 
ing. 

Cor^do-van ;  Cord'-wain.  A  Spanish  leather, 
oripnally  of  goat-skin,  but  now  frequently  made  of 
split  horse-hides.  It  is  flnishod  as  a  black  morocco, 
and  is  named  from  Cordova  (the  ancient  Cordnha)^ 
which  is  situated  on  the  Guadalquiver,  in  Anda- 
lusia, and  was  founded  by  Marcellus.     It  was  the 


chief  emporium  of  Iberia.  The  Moorish  city  con- 
tained 300,000  inhabitants  in  the  eighth,  nintn,  and 
tenth  centuries.  It  was  the  great  seat  of  the  arts, 
sciences,  and  learning  in  the  days  of  liberal  Spain, 
when  the  people  were  worth  something,  before  the 
black  darkness  of  thePedros  and  Philips. 

Cor-du-roy'.  1.  (Fabric.)  A  stout,  ribbed  cot- 
ton fustian,  made  with  a  pile  so  cut  as  to  leave  a  sur- 
face ridged  in  the  diiection  of  the  warp. 

2.  A  road  formed  of  poles  laid  transversely  and 
in  contact.  It  is  used  as  a  mud-bridge  in  swampy 
places. 

Core.  1.  (Founding.)  An  internal  mold  which 
forms  the  interior  of  a  cylinder,  tube,  pipe,  faucet, 
or  other  hollow  casting.  *  It  is  made  of  various  pro- 
portions of  new  sand,  loam,  and  horse-dung.  It  re- 
quires to  be  thoroughly  dried,  and  when  containing 
horse-dung  must  be  burned  to  a  red  heat,  to  consume 
the  straw.  This  makes 
it  porous  and  of  a  brick- 
i-ed  color. 

The  core  is  made  in  a 
core-box,  and  has  pro- 
jecting portions,  known 
as  core-prints,  which  rest 
in  the  prints  of  the  mold. 
The  model  from  which 
the  object  is  cast  is  solid, 
and  makes  an  impression, 
partly  in  the  cope  and 
partly  in  the  drag.  When 
the  pattern  is  removed, 
the  core  is  laid  in  its 
place,  the  projecting 
portions  resting  in  the 
recesses  tnade  by  the 
prints  of  the  pattern. 
Touching  the  loam  of  the  mold  at  no  other  point,  it 
occupies,  in  the  case  of  a  pipe,  a  central  position  in 
the  space  which  is  to  be  run  full  of  metal.  When 
the  metal  has  been  poured  around  it  and  then  cooled, 
the  core  is  broken  out,  leaving  the  casting  hollow. 

Simple  cores  are  those  which  do  not  prevent  the 
delivery  of  the  cope  and  drag,  that  is,  which  have 
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Cores, 

no  undercut  portion  which  would  prevent  the  por- 
tions of  the  flask  from  being  parted  in  the  usual 
way. 

In  the  first  of  the  examples  represented  (a),  the 
core  is  inserted  in  the  pattern  wncn  molding,  and 
is  pushed  from  the  pattern  so  as  to  remain  m  the 
mold  when  the  pattern  is  withdrawn. 

In  the  second  example  (b),  the  portion  of  the  core 
projecting  from  the  pattern  forms  a  print,  and  both 
pattern  and  core  are  molded  together.  When  the 
pattern  is  withdrawn,  the  core  is  detached  and  the 
print  inserted  in  the  impression  made  by  it  in  the 
cope.  That  part  of  the  core  which  w^  imlwdded 
in  the  pattern  then  projects  into  the  space,  and  the 
metal  is  cast  around  it.  The  core  thus  makes  a  hole 
in  the  casting,  but  not  through  it,  as  will  be  ob- 
served. 
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In  the  thinl  example  (c),  the  pattern  has  projeot- 
itig  pieces,  called  prints,  on  one  or  both  sides  ;  when 
moloed,  these  projections  make  holes  in  the  loam. 
Cores  of  the  required  size  and  shape,  and  having 
projections  to  fit  these  holes,  are  previously  made, 
and,  being  fitted  thereinto,  are  secured  thereby,  the 
portions  projecting  into  the  open  space  bein^;  sur- 
rounded by  the  metal,  so  as  to  make  a  hole  in  the 
casting  or  a  hollow  casting,  as  the  case  may  be,  when 
the  core  is  picked  to  pieces  and  broken  out  of  the 
metal. 

The  example  of  patterns  and  cores  shows  several 
arranged  in  one  flask.  In  one  figure,  the  ingales  and 
runners  are  prepared  and  the  coi-es  in  their  places, 

Fig.  1452 


Patterns  and  Cores. 

being  shaded  for  <llstinction.  In  the  upper  figure, 
the  aiiicles  are  in  their  ultimate  shape,  with  holes 
in  them. 

The  group  includes  a  stopcock  with  a  cniciforra 
core,  which  fonns  the  duct  and  the  hole  for  the 
spigot.  A  piece  having  a  straight  and  a  curved 
mortise,  and  which  delivers  its  own  core.  One  hav- 
ing only  a  perpendicular,  square  core.  One  with  a 
round  core  parallel  with  the  face  of  the  ttask. 
One  having  two  rectangular  cores  crossing  jjach 
other  at  right  angles.  The  cap  of  a  double-acting 
]>ump,  the  core  for  which  is  shown  in  section  in 
the  small  figure  ;  the  shaded  portions  being  the 
metal. 

Sheaves  are  cast  with  annular  cores,  the  pattern 
being  divided  in  a  plane  perpendicular  to  its  axis, 
which  permits  one  half  the  pattern  to  be  w^ith- 
drawn,  then  the  core,  then  the  other  part  of  the  pat- 
tern.   The  core  is  then  replaced,   and  the  mold 


When  a  core  is  made  on  a  larae  scale,  as  in  the 
interior  mold  of  a  heavy  cylinder,  cistern,  tank, 
etc.,  it  is  called  a  nowel. 

2.  A  central  piece  occupying  an  axial  position 
within  a  circular  aperture  at  which  clay  or  lead  ex- 
udes in  the  process  of  making  earthenware  or  leaden 
pipes.     The  core  gives  the  inside  shape  to  the  i»ipe. 

8.  (Rope-making.)  The  central  strand  around 
which  four  other  sti-ands^are  twisted  in  a  shroud 
hawser-laid  rope. 

4.  {Hydraulic  En/gineering.)  A  wall  or  structure 
absolutely  impervious  to  water,  placed  in  an  em- 
bankment or  dike  to  prevent  tiie  j^ercolation  of 
water,  which  may  penetrate  the  porous  material  of 
which  the  remainder  of  the.  dike  is  composed.  The 
core  may  be  of  puddle  or  a  wall  laid  in  hydraulic 
cement;         • 

Core-bar.  The  bar  or  spindle  which  supports 
the  core  of  a  shell. 

Core-boz.  A  divisible  box  in  which  clay  is 
iumra?d  to  form  cores.     For  cylindrical  cores,  as  in 


the  example  1,  it  divides  through  the  axis,  each  por- 
tion having  a  recess  which  is  equal  to  one  half  of  the 
core  to  be  molded  therein.  These  portions  are  united 
by  dowel -pins,  and  held  together  *by  clamps  while 
the  sand  is  rammed 
into  them.  «g- 1468. 

The  examples  (2) 
represent :  — 

a  b  the  two  halves 
of  a  brass  or  lead 
core-box  suitable  for 
casting  the  stopcock 
c  ;  d  snows  the  core 
itself  after  its  re- 
moval from  the  core- 
box  by  in  which  it  is 
also  shown,  c  is  the 
model  from  which 
the  object  ismolded ; 
the  shaded  parts  rep- 
resent the  projec- 
tions or  core-prints, 
which  imprint  with-  > 
in  the  mold  the 
places  where  the  ex- 
tremities of  the  core 
d  are  supported 
when  placed  therein. 

C  ore-box 
Plane.  A  peculiar 
form  of  {ilane  which 
has  a  cutting  tooth 
projecting  below  the 
sole,  to.plow  grooves 
in  the  parts  of  a 
core-box. 

Core-print.  A 
l)rojectiug  piece  on 
a  pattern  for  mold- 
ing, to  form  a  hole  in  the  mold  to  receive  the  end 
of  the  core  by  which  it  is  sustained  in  the  mold  in 
proper  position  relatively  to  the  object  cast.  (Set* 
c.  Fig.  1453.) 

Cor'er  and  Sli'oer.  An  implement  for  cutting 
the  core  out  of  a  peeled  apple,  and  at  the  same  time 
cutting  into  pieces  for  cooking  or  drying.  (See  Fig. 
281.) 

Core-valve.  A  plug-valve  which  has  a  rotary- 
reciprocation  in  a  cylindrical  or  hollow  conical  seat ; 
occupying  about  the  same  relative  position  to  its 
seat  as  the  core  of  a  faucet  does  to  the  casting  itself. 

Co-reo'tome.  Coretome.  An  instrument  for 
cutting  through  the  iris  to  form  an  artificial  pupil. 
An  irtdecUyfm  (which  see). 

Corl  {Mining,)  1.  A  basket  to  carry  coal  or 
ore..     A  corve. 

2.  A  square  frame  of  wood  to  carry  coals  on. 

3.  A  sled  or  low-wheeled  wagon  in  a  mine,  to  con- 
vey coal  or  ore  from  the  miners  to  the  bottom  of  the 
shaft. 

Cork.  The  bark  of  the  evemeen  oak  {Quereun 
Ruber).  It  grows  in  the  South  of  France,  in  Tuscany, 
Spain,  Portugal,  and  Algeria.  The  tree  sheds  its 
abundant  l»rk  naturally,  but  this  produce  is  value- 
less commercially. 

The  cork-tree  at  the  age  of  twenty-five  years  is 
barked  for  the  first  time.  A  circular  incision  is  first 
made  through  the  bark  near  the  ground,  and  another, 
also  around  the  tree,  close  by  the  branches.  These 
cuts  are  followed  by  .others  equally  deep,  made 
longitudinally,  and  dividing  the  bark  into  broail 
planks.  The  tree  is  then  left :  the  sap  has  been 
stopped  from  circulation  ;  the  bark  b^ns  to  dry 
ana  curl  outward ;  and  shortly  each  strip  is  peele*l 
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off  by  the  hand.  This  process  is  repeated  every 
ten  years.^  Thus  gathered,  this  bark  is  pi-epared  for 
market  in  two  ways.  By  one  method,  the  tables^  as 
they  are  called,  nre  heaped  one  uj>on  another,  their 
fxmcave  sides  beia;^  undermost,  m  deep  trenches, 
and,  being  plentifully  moistened,  are  pressed  lieneath 
huge  bowltlefs  till  thoroughly  flattened  out.  They 
are  then  dried  carefully  before  large  tires,  and  turned 
constantly.  When  perfectly  flat  and  dry,  they  are 
complete. 

By  the  second  method  the  damp  pressure  in  the 
pita  is  disi)ensed  with,  the  tables  bemg  simply  laid 
with  their  convex  sides  toward  the  fire,  and  suffered 
to  remain  imtil  their  warp  is  lost  and  they  become 
flat.  This  tree  and  its  uses  were  known  to  the 
Greeks  and  Romans.  In  the  time  of  Pliny  it  was 
employed  for  nearly  as  many  purposes  as  at  present ; 
as  floats  for  fishermen's  nets,  waterproof  soles  for 
shoes,  buoys  for  anchors,  and  for  swimming-jackets. 
The  use  of  cork  for  stopping  bottles  was  not  entirely 
unknown  to  the  Romans,  being  mentioned  by  Cato 
and  Horace,  though  its  application  to  this  purpose 
does  not  seem  to  have  been  very  common,  as  we 
find  everywhere  directions  given  to  close  up  wine- 
casks  and  other  vessels  with  pitch,  clay,  g>'psum,  or 
potter's  earth,  or  to  fill  the  upper  part  of  the  vessel 
with  oil  or  honey,  in  order  to  exclude  the  air  from 
those  li([Uors  which  they  wished  to  preserve. 

Stoppers  of  cork  seem  to  have  been  first  introduced 
after  the  invention  of  glass  bottles,  and  these  do  not 
appear  to  have  come  into  u.se  before  the  fifteenth 
ci-ntury.  When  Stephanus  wrote  (in  1553),  cork 
was  used  in  France  principally  for  soles;  and  in  Ger- 
many wax  stoppers  were  used  by  the  apothecaries 
until  about  the  close  of  the  seventeenth  century. 

Where  the  tree  is  indigenous,  the  inhabitants  ap- 
ply cork  \m  many  purposes.  In  Spain,  beehives  and 
kitchen  pails,  pillows  and  window  lights  ;  in  Mo- 
rocco, dnnking-vessels  and  plates,  tubs  and  house- 
conduits  ;  in  Portugal,  roofs  for  houses,  lining  for 
garden-walls,  audiences  for  poultry-yards  ;  in  Tur- 
key, cabins  for  the  cork-cutters  and  coffins  for  the 
dead  ;  in  Italy,  images  and  crosses,  pavements  along 
the  via  cruda,  and  Ibuttresses  for  the  village  church- 
es ;  in  Algeria,  shoes  and  wearing-apparel,  saddles 
and  hoi-seshoes,  armor  and  boats,  landmarks  and 
fortifications,  furniture  in  mansions,  racks  in  stables, 
and  steps  for  houses.  Its  use  for  floats,  shoe-soles, 
wads  for  howitzers,  bungs,  stoppers,  hat  foundations, 
life-boats,  models  of  architecture,  and  as  a  material 
for  Spanish  black,  are  familiar  to  most  of  us. 

Cork-olaJip.  A  wire  attached  to  the  neck  of  a 
bottle,  and  holding  down  the  cork.     See  Bottlr- 

8T0PPER. 

Cork-cut'ter'B  Knife.    The  knife  of  the  cork- 

cutter  has  a  verv 


Fig.  1164. 


Cork  Cutter's  Knife. 


thin  and  sharp 
blade  about  six 
inches  long  and 
tapering,  with  a 
truncated  end.  It 
constantly 


whetted  upon  the 
board  from  which 
rises  the  stake  on  which  the  cork  rests  during  cut- 
ting. 

Cork-^au'oet  One  adapte<l  to  he  inserted  through 
a  cork,  to  draw  the  contents  of  a  bottle.  See  Bot- 
tle-faucet. 

Cork'ing-ma-chine^  One  for  driving  corks  into 
bottles,  a  is  the  frame ;  b  b,  two  vertical  guide- 
rods  connected  at  top  by  the  bridging-piece  c.  A 
cross-head  sliding  on  the  upper  ends  of  the  guide- 
rods  6  6  is  connected  by  side-roils  k  k  to  the  lever  (jr, 


the  branches  of  which  have  their  fulcrums  at  t,  and 
are  united  at  the  handle  k.  In  thfe  cross-head  are 
secured  three  metallic  plugs  e,  immediately  above 
the  holes  in  the  cross-piece  /,  which  is  firmly  se- 
cured to  the  guide-rods  b.  In  the  cross-piece  /  are 
three  conical  tubes  of  different  sizes,  so  as  to  suit  the 
varying    necks   of 

bottles  of  different  Fig.  1456. 

sizes.  The  upper 
ends  of  the  tube? 
are  larger  than  the 
lower  ends, 
through  which  the 
corks  are  forcibly 
driven,  n  is  a 
wedge-shaped 
piece  whose  upi)er 
surface  is  horizon- 
tal, and  it  is  moved 
to  and  fro  in  slides 
by  means  of  the 
treadle  /  and  arm  m . 

The  operation  is 
as  follows  :  — 

The  workman  j 
seats  himself  at  the  ' 
machine,  one  foot 
on  the  treadle,  and 
the  handle  h  in  his 
right  hand.  He 
places  a  bottle  on 

the  wedge  «,  with         Masterman's  Corking' Machine . 
its   neck    beneath 

such  one  of  the  three  tubes  as  will  contain  a  cork  of 
the  size  he  sees  to  be  suitable.  Such  a  cork  being 
placed  in  the  tube,  a  motion  of  the  treadle  raises 
the  bottle,  and  the  depression  of  the  lever  h  g  drives 
the  cork  into  the  nepk  of  the  bottle.  The  reverse 
motions  of  the  lever  and  treadle  release  the  Iwttle. 

See  BOTTLING-MACHINE. 

Father  Penguin,  a  monk  of  the  monastery  of 
Hautvilliers  (died  in  1715),  seems  to  have  been  the 
inventor  of  sparkling  champagne.  The  wine  of  the 
(fountry  had  been  celebrated  for  centuries,  but  the 
old  Benedictine  discovered  the  art  of  making  it 
eH'ervescent,  and  secured  it  by  a  cork  an<l  siring. 

Cork-^aat'en-er.    See  Boitle-stoppek. 

Cork-jaok^et.  A  jacket  lined  with  cork  for  the 
purpose  of  sustaining  the  weaner  on  the  surface  of 
the  water.  The  Roman  whom  Canlillus  sent  to  the 
capitol  when  besieged  by  the  Gauls  is  reported  to 
have  supported  himself  by  a  cork -jacket  as  he  swam 
the  Tiber  with  his  clothes  on  his  head. 

Cork-ma-ohine'.  Corks  are  made  by  hand  and 
by  machinery.  The  former  i-eadily  but  slowly  pro- 
duces the  perfectly  shaped,  somewhat  tapering  cork  ; 
the  latter  process  produced  a  cleanly  cut  cork,  usu- 
ally of  cyhndrical  foi-m,  the  tapering  form  lieing  af- 
terwards given  by  pressure.  In  hand-making,  the 
workman,  with  a  stiarp  knife  in  his  hand,  and  a 
block  of  cork  in  his  left,  forms  the  cork  by  two  semi- 
circular cuts.  In  the  machine,  the  knife  cuts  a  j^r- 
fect  arc  ;  the  machine  drops  the  cork  into  one  recep- 
tacle and  the  shavings  into  another,  and  the  hone 
instantly  sharpens  the  knife  for  farther  work. 

In  another  form  of  machine,  the  slabs  are  cut  into 
square  blocks  by  a  circular  knife  mounted  like  a  cir- 
cular saw.  The  snuare  pieces  are  then  held  by  the 
hands  of  boys  in  a  Kind  of  lathe,  in  such  a  position 
that  the  sharp  aud  thin  end  of  a  hollow  cyhndrical 
cutter  will  cut  out  a  perfectly  round  cork  in  an  in'- 
stant.  flutters  of  various  sizes  are  employed  to  cut 
corks  of  the  desired  size.  Each  cork  is  then  placed 
by  little  fingers  in  corresponding  recesses,  in  a  feed- 
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wheel  of  an  automatic  machine,  where  the  corks  are 
tapered  by  the  Removal  of  a  thin  shaving  from  the 
periphery  of  one  end.  The  shaving  is  i-emoved  by 
the  sharp  edge  of  a  circular  cutter  over  two  feet  in 
diameter,  wiiich  revolves  horizontally.  The  edj^ 
of  every  instrument  that  cuts  cork  is  brought  in 
contact  with  the  material  to  be  cut  with  a  very 
draunng  stroke,  as  such  spongy  material  could  not 
be  cut  satisfactorily  by  a  crushing  stroke.  Thick 
slabs  of  cork  are  cut  into  large  corks,  while  the  thin 
ones  are  worked  into  corks  ot  a  corresponding  size. 

Cork-press.  One  in  which  a  cork,  previously 
wetted,  is  rendered  elastic,  to  enable  it  the  more 
readily  to  enter  the  neck  of  a  bottle.     In  one  form, 

Fig.  1466. 


Cork-Presses 

the  cork  is  placed  between  the  serrated  surfaces  of 
the  concave  and  the  eccentric  cam,  and  pressed  to  a 
less  or  greater  extent  by  a  partial  rotation  of  the 
latter. 

Another  form  is  a  leyer  press  with  jaws. 

Cork-pulL  A  substitute  for  a  corkscrew,  hav- 
ing hooks  or  fan^p  which  clasp  a  cork  when  in  the 
bottle  and  draw  it  thence. 

The  iaws,  while  collapsed  by  the  slide,  are  jmssed 
through  the  neck  of  the  bottle  ;  and,  being  opened, 
are  then  clasped  around  the  cork  by  the  motion  of 
the  slide,  and  the  c(jrk  with  its  retractor  is  drawn 
from  the  bottle. 

Hg.  1457.  Kg.  1468. 


ty>rksrrew. 


Cork-screw.  The  double-screw  which  entered 
the  cork  by  rotation,  and  then  withdrew  it  hy  a 
continued  or  reversed  cireular  motion,  was  patented 
in  England  by  Thomason,  1802. 

Cork'sorew-stair'case.  A  winding  stairs  xdih. 
a  solid  newel. 

Cor'Uss-en'gine.  A  form  of  steam-engine  hav- 
ing a  variable  and  automatic  cut-off  of  peculiar  char- 
acter. (See  Cut-off.)  It  has  two  inlet  and  two 
exhaust  valvea,  which  arc  segmental,  and  vibrate, 
each  on  its  spindle,  within  a  ^red  cylindrical  seat. 
The  valves  are  independently  moved  by  rods  from  a 
vibrating  disk,  which  is  operated  by  an  eccentric 
and  rod.  The  mechanism  which  opens  the  valve  is 
thrown  out  of  gear  during  every  stroke  of  the  en- 
gine. When  this  disconnection  takes  place,  the 
valve  is  instiintaneoasly  closed  by  a  spring,  which  in 
cushioned  by  a  small  piston  closing  on  compre.ssed 
air.  The  instant  at  which  the  steam-valves  are 
thrown  out  of  gear,  and  the  steam  thus  cut  off,  de- 
pends on  the  position  of  the  balls  of  the  governor 
at  the  moment.  The  exhaust- valves  open  invaria- 
bly to  their  full  extent.     See  Cut-off. 

Com-ocUce  CuVter.  A  stamp  or  form  which 
cuts  com -cakes  from  the  sheet  of  dough  ;-  or  a  ma- 

Fig.  1469. 


Cake- Cutter. 

chine  having  a  roller  carrj'ing  said  forms  and  cutting 
into  shapes  the  sheet  of  dough,  which  is  spread  upon 
the  table  passing  beneath. 

Com-ooT'er-er.  A  plow  or  pair  of  plows  to 
run  alongside  a  row  of  dropped  com  and  throw  earth 
upon  the  seed.  Sometimes  followed  by  a  roller  on 
the  same  stock  to  compact  the  earth. 

Com-orib.  A  granary  for  com,  having  openings 
l>etween  the  slats  forming  the  sides,  to  enaole  the 
crib  to  admit  air  and  season  the  com  without  mold- 
ing. 

Com-oul'ti-Ta'tor.  A  plow  for  cultivating  com 
in  hills  or  drills.     See  Cultivator. 

Com-cut'ter.  1.  {Agriculturt,)  A  knife  or  a 
machine  for  cutting  com.  See  Corn-knife  ;  Corn- 
harvester. 

2.  {Surgical.)  An  instrument  for  removing  homy 
excrescences  from  the  feet. 

Com-driU.     A  planter  for  sowing  com  in  rows. 

The  corn -planter,  properly  speaking,  places  the 
seed  in  hills  m  a  row.  rThen  the  rows  are  chtcked^ 
so  called,  the  com  may  be  worked  one  way  and  then 
across,  and  so  on.  Com  in  drills  can  be  tended  but 
one  way.     See  Corn- planter. 

Cor'ner.  {Book-binding.)  a.  Leather  comer- 
covering  to  a  half-bound  book. 

b.  A  triangular  tool  used  in  gold  or  blind  tool- 
ing. 

Cor'ner-chis'el.  A  chisel  with  two  edges  pro- 
jecting rectangularly  from  a  comer ;  used  for  cut- 
ting the  comers  of  mortises. 

Cor'ner-driU.  One  driven  by  a  crank  and  bevel 
gearing,  being  thus  adaiited  to  bore  in  places  where 
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CORN-HULLER. 


Fig.  1400.  the  suri'ounding  frame  or  ma- 
(ihinery  will  not  allow  the  rev- 
olution of  the .  oi-dinary  brace- 
handle.  The  back-center  has  a 
rigid  support,  atfd  the  tool  is  ad- 
vanced oy  the  occasional  rotation 
of  the  feed-aerew,  by  a  lever-pin 
in  the  transverse  hole  of  the  screw- 
head.  Also  called  a  French  drill. 
Cor'ner-ptmch.  {Machinery.) 
An  angular  punch  for  cleaning 
out  comers. 

Cor^nerHiaw.  One  for  re- 
moving the  corners  of  a  block, 
>  giving  it  an  octagonal  shape.  The 
sawmandrel  is  mounted  in  a  head 
which  traverses  on  ways  parallel 
to  the  trough  in  which  the  block 
u  placed.  The  block  is  slid  in  the  trough,  bringing 
it  against  the  saw,  and  taking  off  the  coinera  in 

Hg.  1461. 


Comer-DrilL 


They  are  made  of  various  sizes  and  compass,  so  as 
to  embrace  different  parts. 

Com-grat'er.  A  roughened  surface  for  rasping 
green  corn  from  the  cob. 

Corn-harp.  A  Scottish  agricultural  implement, 
of  the  nature  of  a  sieve,  for  freeing  grain  from  tht* 
seeds  of  weeds. 

Com-har'vest-er.  A  machine  for  cutting  com 
in  the    field  ;    sometimes   delivering  the   com   in 

Fig  1462. 


Comer- Saw. 


succession.     It  is  one  of  the  series  of  block-making 
machines. 

Coronet.     1.    (Music.)    a.    A   wooden   wind-in- 
strument of  the  oboe 
class,  long  since  dis- 
used. 

b.  A  metallic  wind- 
instmment  resembling 
a  tmmpet,  and  used 
in  bands.  The  cornu 
of  the  Romans,  like 
the  instruments  men-  ^ 
tioned  in  Leviticus  " 
(xxv.  9),  was  curved 
and  formed  from  a 
horn.  It  was  afteV- 
wards  of  metal,  prob- 
ably copper.  Its  in- 
vention is  credited  by 
Athenieustothe  Etrus 
cans.  It  differed  from 
the  tibia  in  being  lar- 
ger, and  from  the  tuba. 
in  being  curved.  It 
had  no  Keys  or  stop- 
ples. 

2.  An  auricular  instrament  which  does  not  pro- 
tmde  beyond  the  external  ear.  It  is  used  in  cases 
of  obstruction  of  the  meatus  avditoriuSy  by  reason 
of  contraction^  or  the  presence  of  polipi,  and  is 
made  of  gold  or  silver. 

Cor'net-a-Pis'tons.  (Music.)  A  metallic  wind- 
instrument  of  the  trumpet  class,  furnished  with 
valves  and  stoppers.  These  instmments,  under  the 
care  of  Sax  of  Paris  and  Distin  of  London,  have  at- 
tained great  excellence. 


C  om- Harvester. 

shocks,  sometimes  merely  laying  it  in  gavels  upon  the 
ground,  or  in  a  cradle  on  the  machine,  from  whence 
it  is  taken  by  hand  and  shocked.  Fig.  1462  shows 
a  com-harvester  for  cutting  tw^o  rows  at  a  time. 
The  reels  L  are  set  obliquely,  so  as  to  gather  the 
com  to  the  knives  and  tilt  it  over  so  that  it  drops 
into  the  boxes  P,  which,  as  soon  as  a  sufficient 
amount  has  been  thus  collected,  are  tilted  up, 
to  discharge  the  gavel  in  a  heap  upon  the  ground. 
The  sickle-knives  are  driven  by  the  wrist-wheel  £ 
and  pitmans  Ify  by  power  derived  through  gearing 
from  the  main  axle. 

Fig.  1463  is  a  machine  for  cutting  a  single  row, 
keeping  the  stalks  vertical,  collecting  them  into  a 

Fig.  1468. 


md  then  deposited 

J  earth.    The  stalks 

0  reels  G  O  with  in- 

iuriui:K.iii(§  itrijis,  oiiu  aiLci  imu^  uut  arcforced  thrOugh 

a  narrow  passage  to  a  revolving  circular  platform  H 

surrounded  by  hoops,  so  arranged  that  one  half  may 

be  opened  outward  for  the  discharge  of  the  shock  ; 

the  stalks  are  held  upright  in  this  receptacle  by  a 

semicircular  spring  upon  the  top  of  the  noops.     To 

a  post  upon  the  main  frame  is  pivoted  a  lever,  which 

operates  a  clasping  device  by  which   the  shock  is 

lifted  for  discharge.     Two  small  reels  k  k  B.i  the 

front  of  the  frame,  revolving  in  perpendicular  planes, 

pick  up  broken  stalks. 

Corn-hulFer.    A   machine    for   removing   the 
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hull  or  cuticle  from  grains  of  com,  without  powder- 
ing the  same.     See  Hominy-machine. 

Com-hiisk'er.    A  machine  for  taking  the  ear 
of  corn  out  of  its  enveloping  sheath  of  leaves.     Some 


CORNISH-ENGINE. 


Fig.  1467 


Com-Hnsker. 

machines  operate  upon  the  com  in  the  field  to  husk 
it  off  the  stalk  ;  in  others,  the  ear  is  simply  jerked 
from  the  stalk,  and  the  machine  tears  off  the  husks 
from  the  ears.  Fig.  1464  shows  one  in  which 
shocked  com  is  husked.  The  unhusked  com  in  the 
stalk  is  laid  upon  the  table  at  the  top  of  the  ma- 
chine, and  pushed,  butt-ends  forward,  between  two 
feed-rollers  B  B^  whereupon  the  ears  are  separated 
from  the  stalks  by  cutters  6,  arranged  longitudinally 
upon  the  lowermost  of  the  feed -rollers.     The  severed 

Fiir.  1466. 


House-  Gomt'ce. 


t»ars  pass  down  upon  an  inclined  plane  C,  which 
directs  them  into  the  trough-like  space  between  the 
two  individual  rollers  of  each  pair  of  husking-rollers 
Z),  and  as  they  pass  longitudinally  down  such 
space  the  rapidly  moving  surfaces  of  the  rollers 
catch  the  husks,  ^ving  a  kind  of  rotary  movement 
to  the  ears,  strippmg  away  the  husks,  which  latter 
are  carried  down  between  the  rollers  and  ejected 
,  underneath  the  machine.  The  ears  meanwhile  are 
thrown  back  by  a  transverse  roller  JI,  and  fall  from 


Cornish- Boiler. 
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CORN-POPPER. 


impulse  of  the  steam.  On  the  completion  of  the 
stroke,  the  steam  is  allowed  to  pass  freely  from  one 
side  of  the  piston  to  the  other,  producing  an  e<{ui- 
librium  of  effect  during  the  ont-stroke.  Before  the 
piston  arrives  at  the  point  of  commencement  again, 
the  equilibrium-valve  is  closed,  shutting  in  a  quan- 
tity ot  steam  before  it.  By  means  of  this  cushion- 
ing, which  is  subject  to  the  nicest  acyustment,  the 
loss  from  clearance  and  steam-ports  is  rendered 
practically  nothing,  if  the  steam  so  compressed  be 
equal  to  the  initial  pressure.  The  piston  is  thus 
gradually  brought  to  a  neutral  state  at  the  end  of 
the  stroke,  when  the  exhaust-valve  opens  a  com- 
munication by  pipe  /  between  the  low^r  end  of  the 
cylinder  a  and  the  condenser  g.  e  is  the  cataract ; 
6,  beam ;  t,  pump-rod  ;  *,  pump-stock  ;   /,  sump. 


Fig  1468. 


Fig.  1468  shows  a  coni-planter  used  like  a  plow  ; 
a  man  follows  and  operates  the  seed-valve  T  by 
a  hand-trigger. 


A  ix)tating  pock- 
eted disk  in  the 
adjustable  hop- 
per is  rotated  at 
varjdug  speeds 
by  a  woiin  oq 
the  shaft  rotat- 
ed by  a  x^ioion 
engaging  with 
one  or  another 
of  the  gear- 
wheels on  the 


WalkinK-Planter. 

The  great  care  and  systematic  mode  of  reporting  the 
duty  of  the  engines  of  Cornwall  has  enabled  a  more 
careful  review  to  be  made  in  respect  to  the  gradual 
improvement  of  the  steam«engine  than  has  been  af- 
forded by  any  other  description  of  engine.  See  Duty. 

Corn-koife.  A  blade  about  twenty  inches  long, 
attached  by  a  tang  to  a  handle,  and  used  for  cutting 
standing  com.  It  resembles  the  cane-knife  or  ma- 
chete, and  is  used  for  a  similar  purpose. 

Corn-mill.  A  farm  or  plantation  mill,  usually 
of  iron  both  as  to  its  runner  and  the  concave,  and 
used  for  rough-grinding  com  on  the  cob  for  stock. 

Cor-no'pe-an.  {Afusic. )  A  kind  of  comet  with 
valves. 

Com-plant'er.  A  machine  for  dropping  com  in 
hills,  previously  opening  the  ground  for  the  recep- 
tion of  the  seed,  and  subsequently  throwing  back 
the  earth  and  rolling  it  flat. 

Fig.  1460. 


Fig.  1470. 


main  shaft.  The 
share  opens  the 
furrow,  the  roll- 
er y  covers  the  Hand- Planter. 
seed. 

Fig.  1469  is  arranged  to  plant  two  rows  at  once, 
the  operator  riding  on  the  machine  and  working  the 
seed-slides  by  a  lever,  or  allowing  them  to  be  worked 
by  a  cam  driven  by  the  axle,  as  may  be  desired. 
The  sled-rauners  /'/'open  the  furrow ;  by  a  motion 
of  the  upright  lever  If  the  planting  part  may  be 
lifted  clear  or  the  gix)und,  resting  on  the  tongue  and 
wheels  in  going  from  field  to  field  or  turning  at  the 
ends  of  the  rows. 

Another  forai  is  a  hand -planter,  which  is  thmst 
into  the  ground.  The  downward  motion  of  the 
plunger  drives  the  seed  into  the  ground.  The  up- 
ward motion  operates  the  seed-slide  g  g  hy  the  zig- 
zag  n,  and  deposits  another  bunch  of  grains  in  the 

nockpt  A-  rwidv  to  be  thriint  nnt.  hv  iho  npYf  rlpcu^put 


r^/yiy<^  ■  vj- 


Riding  DimbU-Row  Com-Plantfr. 


CoTH'  Popper. 
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CORPSE-COOLER. 


Fig.  14?2.  corn   is   heated   till   the   hull 

—  cracks    open    and    allows    the 

starchy  follicles  to  expand. 
->  Corn-row  Mark'er.  A 
^  sled  with  a  gaged  width  between 
the  runners  for  marking  out 
rows  in  which  to  plant  com. 
It  has  an  outrigger,  which 
scratches  the  ground  at  another 
gaged  distance,  as  a  guide  for 
the  next  trip.  The  process  is 
relocated  at  right  angles  to  the 
former  markings,  and  the  in- 
tersections of  the  marks  are  the 
places  for  dropping  the  seed. 

ComHUieU'er.  The  comi- 
sheller,  for  rubbing  the  grains 
from  the  cob,  is  made  in  various 
forms. 

1.  The  roughened  or  toothed 

Diik-SkeUer.         disk  (Fig.  1472),  which  operates 

upon  the    ears  in   connection 

with  a  chute  or  oblique  pressure-board,  which  holds 

Fig.  1(73. 


Fig.  1475. 


CornHitalk 
Cut'ter.  A  ma- 
chine for  gath- 
ering the  dry 
corn-stalks  of  a 
previous  year's 
crop  into  rows, 
ana  cutting  them 
into  short  pieces, 
so  that  they  may 
be  covered  in  by 
the  plow. 

The  hooks,  attached  to  hanging-posts,  are  in  the 
advance,  and  are  maintained  in  position  by  certain 
devices.  Their  duty  is  to  straighten  out  the  corn- 
stalks parallel  with  the  line  of  motion  of  the  ma- 
chine. The  rotating  cutter-wheel  has  its  bearings 
in  a  vertically  ac^ustable  frame. 
• 
Fig.  1476. 


Com'Shock  Tytr. 


Corn-stalk  Cutter. 


the  corn 
against  the 
rubber. 

2.  Thecyl- 
inder  (Figs. 
1473  and  1474) 

Cylinder-SheUer,  with     tootheil 

periphery  act- 
ing upon  the  ears  in  connection  with  a  concave, 
which  affords  a  gradually  decreasing  throat  as  the 

ears  roll  and 
**gl474.  rub  and  part 

with  their 
grains. 

3.  An  ori- 
iice  into  which 
the  ear  is  driv- 
en by  a  blow 
from  a  mallet, 
driving  the 
cob  through 
and  shelling 
off  the  grains. 

o  r  n  - 
ahockTy'er.  I 
An  implement  \ 
for  straining  a  | 
Imnd  around  a 
shock  of  com, 
Cone- Shelter.  to       facilitate  i 

tying.        The  i 
pin  is  thrast  into  the  shock,  and  one  end  of  the  band 
fastened  to  one  part,  while  the  other  end  of  the  band  | 
is  woun<l  U]K)n  the  axis. 

CornHUiock'ing  Ma-obine'.  A  machine  for 
cutting  com  in  the  field  and  binding  it  into 
shocks. 


ComHitrip'ping  Knife.    A  knife  for  cutting 
green  com  from  the  cob  for  cooking  or  canning. 
The  roasting  ear  is  erected  .upon  a  spike  in  the 

Fig.  1477. 


J 


Com- Stripping  Knife. 


dish  ;  the  com  is  stripped  from  the  cob  by  a  handled 
cutter  with  curved,  lapping  spring  blades. 

Co-ro'na.  {Architecture.)  A  broad,  projecting 
face  forming  the  principal  member  of  a  cornice. 
The  soffit  is  throated^  so  as  to  form  a  drip  edge. 

Corpse-coorer.  A  temporary  cofnn  or  shell 
in  which  a  corpse  is  laid  to  delay  the  natural  decay 
by  exposure  to  an  artificially  cooled  atmosphere. 
In  Fig..  1478,  the  metallic  case  has  an  interior  wire 
basket  to  receive  the  corpse.  Between  the  basket 
and  case  are  pipes  which  contain  a  freezing  mixture. 
The  cover  has  hollow  pockets  for  the  circulation  of 
air,  which  passes  into  the  pans  to  wkich  the  tubes 
are  attachcKl.  The  inner  cover  is  cooled  with  ice, 
and  the  outer  one  incloses  the  interior  arrange- 
ments. 
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CORSET-MAKING  MACHINE. 


Fig.  1478. 


Corpse-  Preserver. 


Cor'ri-dor.  1.  (Fortification.)  The  covered  way 
forming  a  walk  around  the  whole  of  the  work. 

2.  (Architecture.)  A  gallery  or  open  comniuni- 
cation  to  the  different  apartments  of  a  house. 

Cor'ru-gaf  ed  I'ron.  Sheet-metal  pressed  into 
wrinkles  or  folds,  so  as  to  give  it  greater  stiffness. 
It  is  used  in  many  ways ;  as  sheathing,  house- 
covering,  roofing,  etc. 

"  As  admirably  shown  by  Buckland,  the  partitions 
which  separate  into  chambers  all  the  whorls  of 
the  ammonite  except  the  outermost  one  were  ex- 
quisitely adapted  to  sti-engthen,  by  the  tortuous 
windings  of  tneir  outer  edges,  a  shell  which  had  to 
combine  great  lightness  with  great  powers  of  resist- 
ance. Itself  a  con- 
Fig.  1479. 


tinuons     arch 
throughout,  it  was 

V  supported      by      a 

Y  series  of  continuous 
^/  arches  inside,  some- 
:  what  resembling  in 
:  form  the  groined 
;  ribs  of  the  Gotliic 
i  roof,  but  which, 
'  nnlike  the  ponder- 
ous   stone-work    of 

Ammonites  humpriesianus  {Oolite),  the  medieval  archi- 
tects, were  as  light 
as  tliey  were  strong.  And  to  this  combination  of 
arches  there  was  added,  in  the  ribs  and  grooves  of 
the  shell,  yet  another  element  of  strength,  — that 
which  has  of  late  been  introduced  into  iron  roofs, 
which,  by  means  of  their  corrugations,  —  ribs  and 
gi'ooves  like  those  of  the  ammonite,  —  are  made  to 
sjian  over  wide  spaces  without  the  support  of  beams 
or  rafters.  Still  more  recently,  the  same  princijde 
has  been  introduced  into  metallic  boats,  which, 
when  cornigated,  like  the  old  ammonites,  are  found 
to  be  sufHcientlv  strong  to  resist  almost  any  degi-ec 
of  pressure  without  the  wonted  addition  of  an  in- 
terior framework."  —  Hugh  Millkk. 

Cor'm-gaf  ing-ma-ohine'.    A  machine  for  cor- 
rugating sheet- metal. 

In  one  form  it  is  a  rolling-mill  in  which  a  series 
of  parallel  gixwves,  alternating  with  parallel  eleva- 

Fig.  1480. 


Cormgatinif'MiU. 


tions,  is  cut  in  the  circumference  of  the 
central  roll,  and  'counterpart  grooves  and 
elevations   are   formed  in  the  upper  and 
lower  roll,  so  that  the  iron  is  passed  con- 
secutively  between  the  rolls  in  opposite 
directions  ;  in  another  form  the  rolls  are 
grooved  lon^tudinally.     In  another  fonn 
the  coniigation  is  by  simple  pressui-e  be- 
tween dies. 
Co-run'dum.    A  hard  mineral  consist- 
ing of   crystalline   alumina.      The    sapphire    and 
i-uby  aro  allied  substances  of  different  colore.     Em- 
ery is  a  dark-colored,  gi'anular  variety.     See   Em- 

BKY. 

Conindum  is  used  in  ])owder  of  varying  fiueut^ss  ; 
is  made  up  into  wheels  and  laps  with  gums,  resins, 
glue,  etc.  ;  is  used  by  dentists  in  the  form  of 
(tones,  cujjs,  files  (round,  taper,  and  oval),  slabs, 
wheels,  laps,  bolw,  points,  tape. 

It  is  made  into  various  gi-ades  by  pounding  and 
sifting.     Is  molded  in  forms  and  presses. 

Cor-vette'.  {Nautical.)  A  ship- rigged  man- 
of-war  with  a  flush  deck,  and  cairying  from  eighteen 
to  twenty-six  guns,  in  one  tier.  It  ranks  next  below 
9.  frigate. 

Cor'set-mak'ing  Ma-ohine'.  A  loom  for 
weaving  fabrics  having  an  undulating  contour  of 
varying  dimensions.  It  is  arran^^ed  to  maJce  the 
tubular  spaces  for  the  introduction  of  the  whale- 
bones. In  the  machine  exhibited  at  the  French 
Exposition  in  1867,  the  jirinciple  of  a  constant 
length  of  travel  for  the  shuttle  was  adopted  for  the 
sake  of  simplicity  ;  but  as  it  is  necessary,  in  weav- 
ing the  gores,  that  the  weft- thread  should  pass 
through  only  a  part  of  the  breadth  of  the  warp,  the 
.lacquard  has  been  employed  for  the  purT>ose  of 
•taking  up  the  portion  of  the  warp  required  to  be 
woven  in  that  part.  As  the  shuttle  always  r)as.scs 
over  the  full  breadth  of  the  warp,  of  whichonly  one 
portion,  say  one  third,  is  to  be  used,  it  unwinds  the 
full  length  of  weft  thread  from  the  bobbin,  but  only 
one  third  of  it  is  tied  in  the  warp.  In  repassing 
the  shuttle  one  thii-d  more  is  tied,  thus  leaving  one 
third  of  the  unemployed  weft-thread  in  the  form  of 
a  loop  upon  the  article  manufactured.  To  i-emove 
this  superfluous  thread,  the  thread-catcher,  which 
is  a  lever  with  an  elastic  finger,  passes  from  behind, 
through  the  lay  on  each  side  of  the  reed,  and  pulls 
the  thi-ead  out.  The  shuttle  is  conveyed  bv  a  car- 
rier to  the  center  of  the  war]i,  where  it  is  taken  by 
the  other  carrier  and  passed  through  tlie  remainder 
of  its  course. 

The  most  difficult  part  of  the  work  is  performed 
by  the  regulator  or  take-up  motion^  the  action  of 
which  is  to  take  up  the  woven  cloth  in  such  a  man- 
ner as  to  leave  a  straight  line  in  front  of  the  reed. 
As  the  cloth  is  woven  first  only  on  one  side  ;  then 
for  the  whalebone  pockets,  where  the  cloth  is  double, 
evenly  over  the  full  breadth  ;  thirdly,  on  the  other 
side  only  ;  and,  finally,  for  the  full  breadth  at  the 
back  and  front  of  the  stay,—  the  motion  of  the  regu- 
lator must  chatige  accordingly.  To  effect  this,  the 
cloth  passes  between  two  sets  of  rollers,  the  upper 
of  which  are  simple  pressure- rollers,  to  be  regulated 
by  springs  and  set  screws.  The  lower  rollere  are 
fluted  and  worked  by  a  system  of  levers  independent 
of  each  other.  The  levers  are  worked  conjointly  by 
the  Jacquard  and  lay,  so  that  the  lay  gives  only  a 
movement  to  those  levers  which  have  been  pre- 
viously acted  upon  by  the  Jacquard. 

An  elastic-wai-p  tension  is  obtained  by  a  peculiarly 
constructed  lever  combined  with  an  elastic  brake,  so 
as  to  render  the  whole  machine  tit  for  flat,  convex, 
plain,  or  richly  ornamented  work,  according  to  the 
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cards  placed  upon  the  Jacquard,  and  the  material 
put  in  warp  and  shuttle.  * 

Cos'aques.  French  fancy  paper  for  wrapping 
sweetmeats. 

CoB'mo-labe.  An  astronomical  instrument  re- 
sembling the  .astrolabe,  and  formerly  used  for 
measuring  angles. 

Cos'mo-ra'ma.  A  pictorial  exhibition  in  which 
the  views  are  laid  horizontally  n\K)\\  a  semicircular 
table,  and  i-eflected  by  diagonal  mirrors  to  the 
lenses  at  which  the  eye  of  the  spectator  is  suc- 
cessively applied.  The  pictures  are  illuminated  by 
hidden  lamps. 

Coa/mo-sphere'.  An  apparatus  for  exhibiting 
the  relation  of  the  earth  to  the  fixed  stars.  A  ter- 
restrial globe  is  pla(».ed  in  the  center  of  a  large,  hol-» 
low  glass  sphere  on  which  are  depicted  the  stars  and 
constellations. 

Coa^aa.  {Fabric.)  A  kind  ofplain  India  muslin. 

Coa'tean-ing.  (Mininj.)  A  Cornish  term  for  a 
method  of  prosi>ecting  for  metillic  lodes.  Trenches 
or  pits  are  dug  in  the  superficial  strata,  and  united 
by  a  drift  which  crosses  tne  <lirection  of  the  vein,  if 
any  exist ;  the  veins  in  the  vicinity  affording  a  guide 
for  direction.     Costccning, 

Cot.     1.  A  sort  of  refuse  wool. 

2.  A  sheath  or  sleeve  ;  as  a  clothing  for  a  drawing- 
roller  of  a  spinning-frame  ;  a  cover  for  a  sore  finger. 

8.  A  rude  boat,  as  a  dug-out  or  canoe. 

4.  A  bedstead. 

Co-tU'lion.  (Fabric.)  A  woolen  material  in 
black  and  white  for  ladies'  skirts. 

Cof  tage-ohair.  A  fonn  of  chair  adapted  for 
comfort  rather  than  show,  and  capable  of  being  car- 
ried on  to  the  lawn,  on  picnics,  etc.   k  folding  chair. 


Fig.  1481. 


Cottage- Chair.  Cotter. 

Cot'ter.  A  key.  A  wedge-shaped  piece  driven 
between  the  gibs  in  attaching  a  strap-head  to  a  con- 
necting-rod and  tightening  the  brasses  of  a  bearing. 
See  Key. 

1.  A  key  inserted  into  a  link  which  has  been 
passed  through  another  link  of  a  chain.  A  broken 
chain  is  thus  temporarily  mended.  This  mode  is 
adopted  in  fastening  a  log  on  the  sled,  and  generally 
in  securing  an  object  by  a  chain  when  the  whole 
len;5th  of  the  latter  is  not  required.  The  hook  at 
the  end  of  the  chain  usually  forms  the  cotter^  and  it 
is  much  better  than  making  a  running  noose  of  the 
chain  in  the  link,  as  the  latter  is  difficult  to  un- 
fasten, while  the  cotter  can  be  slipped  or  driven  out, 
leaving  all  free.     A  toggle. 

2.  A  wedge  which  is  driven  alongside  the  end  of 
tlie  tongue  in  the  mortise  of  the  sled-roller,  tighten- 
ing the  latter  against  the  gib.     See  Gib. 

The  cotter  used  for  temporarily  holding  an  iron 
plate  to  the  rib  of  a  vessel  while  being  riveted  is 
shown   at  2,  -Fig.  1 482.     The  cotter  has  a  slight 


spring,  and  the  taper  pin  has  a  wedging  action  upon 
the  oTate. 

Cot'ter-driU.  A  drill  for  boring  slots  ;  it  or 
the  work  having  a  lateral  motion  after  its  depth  is 
attained. 

Cot^ter-file.  A  narrow  file  with  straight  sides, 
use<l  in  filing  grooves  for  cotters,  keys,  or  wedges. 

Cot'ter-platea.  {Founding.)  The  flanges  or 
lips  of  a  mold-box. 

Cof  ton.  A  plant,  or  the  fibrous  yioduct  there- 
of, having  a  scientific  Latin  name  (gosfypittm),  but  an 
Arabic  cortimon  name  {goton),  which  pleasantly  re- 
minds us  of  the  great  people  from  whom  we  derived  it 

Herodotus  (Book  III.  c.  106)  refers  to  the  cotton 
of  India:  **The  wild  trees  of  that  country  bear 
fleeces  as  their  fruit,  suipa^&ing  those  of  the  sheep 
in  beauty  and  excellence  ;  and  the  Indians  use  cloth 
made  from  this  tree- wool."  In  another  place  he 
states  that  the  Indian  contingent  of  the  aimy  of 
Xerxes  wore  cotton  drawers  (Book  VII.,  German 
Baumivolle,  tree-wool,  c.  ($6). 

Theoi)hrastU8,  the  diViule  of  Aristotle,  derived 
farther  infonuation  from  tne  expedition  of  Alexan- 
der, and  says :  — 

•'  The  trees  from  which  the  Indians  make  clothes 
have  a  leaf  like  that  of  the  black  mulberry,  but  the 
whola  plant  resembles  the  dog-rose.  They  set  them 
in  the  plains  arranged  in  rows,  so  as  to  resemble 
vines  at  a  distance.  They  bear  no  fruit,  but  the 
capsule  containing  the  wool  is,  when  closed,  about 
the  size  of  a  quince,  and  when  ripe  it  expands  so  as 
to  emit  the  wool,  which  is  woven  into  cloths,  either 
cheap  or  of  great  value." 

Aristobulus,  one  of  Alexander's  generals,  mentions 
the  cotton-plant  as  the  "wool-bearing  tree,"  and 
stated  that  its  capsules  contained  seeds,  which  weie 
taken  out,  and  that  what  remained  was  combed  like 
wool.  Nearchus,  Alexander's  famous  navigator,  also 
refers  to  it,  and  says  that  the  shirts,  mantles,  and 
turbans  of  the  people  of  India  were  made  of  it. 
Strabo,  on  the  authority  of  Nearchus,  refers  to  the 
fabrics  of  cotton  as  being  flowered  and  beaut^ully 
dyed. 

An  awning  of  cotton  was  spread  over  the  theater 
by  Lentulus  Spinther,  July  6,  68  B.  c.  Linen  had 
been  formerly  used. 

Pliny  mentions  cotton  in  four  places  in  his  Natu- 
ral History  ;  two  refer  to  the  account  of  Theophras- 
tus,  one  to  the  carhasa  (cotton)  of  Spain,  one  to  the 
cotton  of  Egypt :  — 

**  In  Ujiper  Egypt,  towards  Arabia,  there  grows  a 
shrub,  which  some  call  gosfyjriuw^  and  others  xjflmi, 
from  which  the  stuffs  are  made  that  we  call  xylina. 
It  is  small,  and  bears  a  fruit  resembling  the  filbert, 
within  which  is  a  downy  wool  which  is  spun  into 
thread.  There  is  nothing  to  be  preferred  to  thete 
stuffs  for  softness  and  whiteness  ;  beautiful  gaiments 
arc  made  from  them  for  the  priests  of  Egypt." 

The  old  hatred  of  the  Egyptian  priests  for  wool 
and  preference  for  flax  would.not  militate  against  the 
cotton  when  they  found  it  to  be  vegetable  ^wth. 
In  the  earlier  periods  of  the  Nile  people,  nothing  but 
linen  was  used  by  priests  or  for  embalming. 

Arrian  the  historian  \(\.  a.  d.  140)  cites  the  im- 
portations from  the  East  to  Europe  of  cotton  goods, 
plain  and  ornamented.  The  muslins  of  Bengal 
were  then  called  Oangiiiki,  to  indicate  that  they 
came  from  the  Ganges.  The  Indian  names  yet  sur- 
vive in  the  words  muslin,  named  from  Moussol,  and 
calico  from  Calicut. 

Julius  Pollux,  in  the  Onomasticon  (a.  d.  170), 
refers  to  the  cotton  of  India,  which  he  terms  byssus^ 
and  compares  with  flax  :  — 

**  The  tree  produces  a  fruit  most  nearly  resembling 
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a  walnut,  but  three-cleft.  After  the  outer  coverinff, 
which  is  like  a  walnut,  is  divided  and  dry,  the  sub- 
stance resembling  wool  is  extracted,  and  is  used  in 
the  manufacture  of  cloth  for  woof,  the  warp  being 
linen." 

Cotton  paper  used  by  the  gold-beater  is  men- 
tioned by  Theophilus  Presbyter  about  a.  d.  800. 

On  the  discovery  of  America  by  Columbus,  cotton 
formed  the  princij)al  article  of  clothing  among  the 
Mexicans.  They  mterwove  it  with  fine-spun  hair  of 
rabbits,  or  with  feathers  for  state  robes.  The 
cuirasses  of  thick  cotton  fabric  were  proof  against 
the  Indian  missiles,  and  were  adopted  by  the 
Spaniards.  The  nobles  wore  instead,  cuirasses  of 
thin  plates  of  gold  or  silver  with  surcoats  of  feather- 
work.  • 

Among  the  presents  stolen  or  purchased  by  the 
brutal  Cortez  and  sent  to  Charles  V.  were  "cotton 
mantles,  some  all  white,  others  mixe<l  with  white 
and  black,  or  red,  green,  yellow,  and  blue ;  waist- 
coats, counterpanes,  tapestries,  and  carpets  of  cot- 
ton ;  and  the  colors  of  the  cottons  were  extremely 
line."— Clavioebo's  Conq\iest  of  Mexico, 

The  Mexicans  had  indigo  and  cochineal. 

Columbus  found  the  cotton-plant  wild  in  Hispan- 
iola,  in  other  West  India  islands,  and  on  the  con- 
tinent of  South  America,  where  the  natives  used  it 
for  dresses  and  tishing-nets. 

Magellan,  in  1519,  found  the  Brazilian  natives  re- 
posing on  beds  of  cotton  down. 

Cotton  goods  were  familiar  to  the  Arabs  in  the 
time  of  Mohammed,  a.  d.  627,  and  the  culture  was 
carried  by  his  followers  through  the  Mediterranean 
coast  of  Africa  into  Spain,  whence  the  fabric 
reached  the  less  civilized  parts  of  Europe.  Abder- 
rahman  111.  commenced  the  manufacture  of  cotton 
in  Spain,  and  in  the  fourteenth  century  it  was  in- 
troduced into  Italy. 

When  the  best  part  of  the  inhabitants  of  Spain 
were  ex{)elled,  when  the  University  of  Coixlova  be- 
came a  thing  forgotten  on  the  peninsula,  when  the 
memory  of  Alhazen  was  lost,  and  the  era  of  the 
Pedros  and  Philips  commenced,  then  the  cotton- 
pUnt,  too,  faded  away,  and  all  the  industries  gUDW- 
ing  out  of  this  beautiful  staple  languished.  The 
culture  and  manufacture  revived  again  in  Spain  at 
Valencia  and  Barcelona  respectively. 

Fabrics  and  yams  were  lai^ely  imported  from 
the  East  into  Europe  for  several  centunes  ;  but  the 
manufacture  of  the  cotton-wool,  as  it  was  long  called, 
gradually  crept  into  the  various  countries  of  Europe. 

The  earliest  notice  in  England  is  by  Roberts, 
1641,  who  describes  the  excellent  goods,  **  fustians^ 
vemiillions,  dimities^  and  other  stuffs,"  made  by  the 
inhabitants  of  Manchester,  of  **  coUmi-ioool  brought 
from  Smyrna  and  Cyprus."  Fii-st  made  by  ma- 
chinery by  Louis  Paul  in  1736  -  40.  See  Cotton- 
machinery. 

In  the  seventeenth  century,  cotton  fabrics  were 
so  lai^ly  importe<I  into  England  from  India  as 
to  interfere  with  the  woolen,  linen,  and  silk  in- 
terests, and  the  importation  of  cotton  goods  was 
forbidden  in  1700. 

An  act  of  parliament  in  1721  imposed  a  fine  of  £5 
on  the  wearer  of  cotton  and  £  20  on  the  vendor.  It 
was  thought  to  be  the  ruin  of  England,  and  every 
depression  in  trade  was  chai^ged  on  the  cotton, 
which  was  superseding  wool.  Thirty  years  after- 
ward the  annual  value  of  manufactured  cottons  was 
£200,000.  In  1860  it  was  £52,000,000.  In  1823, 
Great  Britain  employed  10,000  steam -looms;  the 
number  in  1865  was  400,000,  driven  by  steam- 
j»ower  estimated  equal  to  294,000  horses,  and  direct- 
ly employing  1,000,000  persons. 


The  Parliamentary  Report  of  1851  states  the  num- 
ber -of  pounds  of  cotton  worked  into  yam  per  day 

(nearly) 2,000,000  pounds. 

Spindles  in  operation  .  .  20,000,000 
Power-looms  ....  250,000 
Factories     .         .         .         .  2,000 

Hands  employed  inside  the  walls  •  350,000 
Horse- power  (steam  and  water) .  80,000 
Production  of  cotton  goeds  in 

1850  per  day  .         .         .     4,000,000  yards. 

Production  of  unwoven  cotton 

yam  per  day  ,        .         .       500, 000  pounds. 

Cotton-see«l  was  brought  into  England  from  the 
Levant ;  taken  thence  to  the  Bahamas,  and  thence 
to  Geoigia  in  1780.  The  first  cotton-mill  in  Amer- 
ica was  at  Beverly,  Mass.,  in  1788. 

In  the  following  list  are  associated  the  terms  used 
in  the  description,  manufacture,  and  pnxlucts  of 
fibrous  material,  excepting  those  involving  pulp- 
ing, which  will  be  found,  under  the  indical  head  of 
Paper  (which  see).  The  following  list  includes 
cotton,  fiax,  wool,  hemp,  silk,  etc.,  appliances. 
Sec  — 


Ageing. 

Balling-machine. 
Bat. 

Butting. 

Batting-machine. 
Beating-engine. 
Bier. 
Billy. 
Bink. 
Bleaching. 
Block-printing. 
Blower  and  spreader. 
Blowing-machine. 
Bobbin. 

Bobbinet-machine. 
Bobbin -winder. 
Bobbin  and  fiy  frame. 
Boon. 

Jiott- hammer. 
Braiding-machine. 
Braid-sizing  and  polish- 
ing machine. 
I^rake.     flax  and  hemp 
Branning. 
Breaker. 
Breaking-frame. 
Breaking-machine. 
Bronze. 

Bnishing-machine. 
Bucking. 
Bucking-keir. 
Buffalo. 
Bunch. 
Bundle. 

Bundling-press. 
Burling-iron. 
Burling-raachine. 
Burr. 

Burring-macliine. 
Cable-laid. 

Calendering-machine. 
Calico-printing, 
Can -frame. 
Can -roving  machine. 
Canvas- frame. 
Card. 

Card-clothing. 
Card-grinding. 
Carding-engine. 


Carding-machine. 

Card-machine. 

Card-setting  machine. 

Carriage. 

Carrier. 

Cask. 

Caudroy. 

Chamber. 

Chemicking. 

Chenille-machine. 

China- blue  style.  • 

Circular  bolt. 

Clasp. 

Cleaning-machine. 

Clearer. 

Clearing. 

Cloth. 

Cloth-creaser. 

Cloth-crimping  machine. 

Cloth-cutting  machine. 

Cloth-dressing  machine. 

Cloth-drying  machine. 

Cloth-embossing  machine. 

Cloth-finishing  machine. 

Cloth-folding  machine. 

Cloth-measuring  machini'. 

Cloth-napping  machine. 

Cloth-pres.s. 

Cloth-shearing  machine. 

Cloth-smoothing  machine. 

Cloth-sponger. 

Cloth-stretcher. 

Cloth-tea.seler. 

C!oth-tenter-l)ar. 

Coiling  or  laying  slivers. 

Color-doctor. 

Column. 

Clouded-yam  machine. 

Comb. 

Comb-broach. 

Combing-machine. 

Condenser. 

Cone-pulley. 

Cop. 

Copping-plate. 

Copping-rail. 

Cop-tube. 

Cop-winder. 

Cord. 
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Cord-covering  machine. 

Cord-tlryer. 

Cot. 

Cot-roller. 

Cotton. 

Cotton-cleaner. 

Cotton-elevator. 

Cotton-gin. 

Cottonizing-tiber. 

Cotton-paper. 

Cotton-picker. 

Cotton-press. 

Cotton-thread. 

Counterfaller. 

Craping-  machin  e. 

Creel. 

Creeping-sheet. 

Crisper. 

Crotting. 

Cross-shearing  machine. 

Cut.    ' 

Cutting-engine. 

Damping-machine. 

Dash -wheel. 

Decoloring-style. ' 

Dent. 

Devil. 

Discharger. 

Discharge-style. 

Distaff. 

Doffer. 

Doffing-cylinder. 

Doffing-knife. 

Do'ubler. 

Doubling. 

Doubling  and  twisting 
machine. 

Drawing. 

Drawing-frame. 

Diuwing-head. 

Dresser.     Copper 

Dressing-machine. 

Drum. 

Di7ing-machine. 

Dumb-singles. 

Dunging. 

Dust-room. 

Dyeing. 

Embix>idering-machiue. 

Enleavage-style. 

£([uational-box. 

Fabric  {we  list). 

Faller. 

Faller-wire. 

Felt. 

Felting- machine. 

Fiber-cleaning. 

Fiber.  Separating  ani- 
mal ancl  vegetable 

Filling-engine. 

Fine-drawing. 

Finishing-card. 

Fishing-net  machine. 

Flat. 

Flax. 

Flax  and  hemp  brake. 

Flax-cleaning  machine. 

Flax-cotton. 

Flax-cutting  machine. 

Flax-dresser. 

Fleece. 

Flock. 

Flock -duster. 

Flocking- machine. 


Floss  silk. 

Fluting-machine. 

Flyer. 

Fondu. 

Frame. 

Frizzing-machine. 

Fulling. 

Fulling  hat-bodies. 

•Fulling-mill. 

Fulling-stock. 

Gasing. 

Gig.. 

Gigging-machine. 

Gill. 

Gill-frame. 

Gimp-machine. 

Gin.     Cotton 

Glossing. 

Grounding-in. 

Habeck. 

Hackle. 

Hack  ling-machine. 

Hair-rope  picker. 

Hand-spinning  machine. 

Hank. 

Harie. 

Harp. 

Hatchel. 

Hawser. 

Hawser-laid. 

Heck -box. 

Heckle. 

Heckling-machine. 

Heddle. 

Hemp. 

Hemp-brake. 

Hook -frame. 

Hot-ttue. 

Iron-man. 

Jack -frame. 

Jack  in  a  box. 

Jenny. 

Kemp.    . 

Knitting-burr. 

Knitting-machine. 

Knotting. 

Lace-machine. 

Lag. 

Lanteni. 

Lap. 

Lap-frame. 

Lapping-machine. 

Lay. 

Laying-machine. 

Lea. 

Leaver-machine. 

Lewis. 

Licker-in. 

Linen-prover. 

Lint-doctor. 

Loom  (see  Weaving). 

Madder-style. 

Mangle. 

Marabout. 

Mordant. 

Mosaic-wool. 

Mule. 

Napping-cloth. 

Netting-machine. 

Noils. 

Oiling. 

Opening-machine. 

Oraanzine. 

Pad. 


Packaging-machine. 

Padding. 

Parroring. 

Picker.     Cotton 

Picking.     Cloth 

Pigment. 

Pile. 

Pirn. 

Planking-machine. 

Plaquage-style. 

Plucker. 

Polishing.     Yam    and 

thread 
Pouncing-machine. 
Printing. 
Prcs8er-t)ar.» 
Presser- flyer. 
Puffer-pipe. 
Quill. 

Quilting-frame. 
Rap. 

Raw-silk. 
Reed. 
Reel. 

Reeling-machine. 
Reentering. 
Reserve-style. 
Resist. 
Retting. 
Riblwn. 

Ring  and  traveler. 
Ring-spinner. 
Rinsing-machine. 
Ripple. 
Roll. 

Roll-boiling. 
Roller- bowl. 
Rongeant-style. 
Rope. 

Rope-making  machine. 
Rope-winch. 
Roving. 
Roving-frame. 
Scavenger-roll. 
Scouring. 

Scribbling-machine. 
Scrim  ping-bar. 
Scutcher. 

Scutching-machine. 
Shake- willy. 
Shearing. 
Sheeting-machine. 
Shives. 
Shove. 

Shroud.     Hawser-laid 
Shuttle. 
Silk. 

Silk-cleaning  knife. 
Silk-doubling  machine. 
Silk-filature. 
Silk-reel. 

Silk-sizing  machine. 
Silk-sorting  machine. 
Silk-stretching  machine. 
Silk -twister. 
Silk-winder. 
Singeing-machiue. 
Singer. 
Singles. 
Sinker. 

I  Sizing-machine. 
;  Skein. 
,  Skewer. 
I  Skip. 


Slab. 

Sliver. 

Sliver-box. 

Slub. 

Slubbing. 

Slubbing-machine. 

Souring. 

Speeder. 

Spindle. 

Spinel. 

Spinning. 

Spinning-jack. 

Spinning-jenny. 

Spinning-machine. 

Spinning-wheel. 

Spirit-colors. 

Spool. 

Spooling-machine. 

Spool-labeling  machine. 

Spoon. 

Spreader. 

Spreading-frame. 

Spun-yarn. 

Squirrel. 

Steam-chest. 

Steeping. 

Stocking-frame. 

Stocking-machine. 

Stop-finger. 

Strand. 

Stretcher-mule. 

Stretching-frame. 

Strick. 

Suint. 

Sulphuring. 

Swift.  • 

Swimming-tub. 

Swingle. 

Swing-stock. 

Teaseling-machine. 

Tenter. 

Tenter-bar. 

Tewing-bet^tle. 

Thread. 

Thread-finisher. 

Thread- frame. 

Thread-machine. 

Thread-polisher. 

Thread-winder. 

Throstle. 

Throwing. 

Thrown-silk. 

Thrum. 

Top. 

Top-flat. 

Tow. 

Tram. 

Twilly. 

Twine-machiue. 

Twine-reeler. 

Twist. 

Urchin. 

Wadding. 

Wadding-sizer.    • 

Warp. 

Warp-dresser. 

Warp-frame. 

Warping-hook. 

Warping-jack. 

Warping-mill. 

Warp-machine. 

Wast«-picking  machine. 

Water-frame. 

Water-laid. 
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Water-twist. 

Waxing. 

Whirl. 

Whirlere. 

Willowiug. 

WiUy. 

Wiiicing-machine. 

Wiuiling-machine. 

Wolf. 

Woof. 

Wool. 

Wool-burring  machine. 

Wool-cleaner.  • 

Wool-combing. 

Wool-dryer. 


Wool-machinery. 

Wool-oiler. 

Wool-picker. 

Wool- press. 

Wool-sorting. 

Wool-table. 

Wool-washer. 

Worker. 

Worsted. 

Yam. 

Yam -cleaner. 

Yam-di^'er. 

Yam-prmting  machine. 

Yarn-reel. 

Yam-winder. 


Cot'ton-ade.     {Fabric.)    Cotton  check. 

Cot' ton-bale  Tie.    See  Balbtie. 

Cot'ton-brush  Chop'per.  A  machine  with 
revolving  knives  to  cut  up  the  old  dried  cotton- 
stalks,  to  prepare  the  land  for  plowing  for  another 
crop. 

Cofton-chop'per.  An  implement  which  is 
drawn  over  a  drUlwi  row  of  cotton-plants,  and  chops 

Fig.  1488. 
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gaps  in  the  row  so  as  to  leave  the  plants  in  bunches 
or  hills.  The  machine  is  support^  on  two  wheels, 
and  has  a  plow  to  run  on  each  side  of  the  row. 
Motion  is  communicated  from  the  rotary  axle  by 
bevel-wheels  to  a  revolving  head  having  oblique 
cutters,  which  chop  gaps  in  the  row  of  plants  as  the 
machine  progresses. 
Cot'ton-olean'er.    A  machine   for  separating 


the  dust  and  dirt  from  cotton.  This  is  performed 
by  a  scutching  and  blowing  action,  the  tussocks  of 
cotton  being  torn  asunder  and  opened,  allowing  the 
dirt  to  fall  out.  The  heavier  portions  fall  through 
gratings,  and  the  lighter  are  carried  otT  through  air- 
ducts  by  means  of  exhaust-fans. 

Machines  for  this  purpose  ai-e  of  very  variable 
construction,  less  unifoiinity  existing  in  this  depart- 
ment than  in  any  other  of  the  series  of  operations  in 
cotton.  The  preliminary  processes  of  the  cotton- 
mill  are  unpackiTig,  sorting,  picking,  cleaning,  toil- 
lowing,  hattiiig,  and  lapping. 

The  coUoU'Cleaner  (Fig.  1484)  has  a  long  series  of 
consecutive  operations.  The  cotton  from  the  feed- 
ingntable  is  passed  between  a  pair  of  Huted  rollers  B, 
then  between  smooth  rollers,  which  present  it  to  the 
action  of  the  toothed  scutcher  D,  which  revolves 
rapidly  and  wafts  the  loosened  filaments  towards  a 
wire  cylinder  d,  over  which  it  travels,  l>eing  com- 
pressed by  a  fluted  roller  cT  in  its  passage,  and 
thence  between  a  pair  of  smooth  rollers  e,  which  con- 
dense it  into  a  hat  ready  for  a  repetition  of  the 
operation.  Passing  between  another  pair  of  rollers, 
the  web  of  cotton  is  presented  to  the  second  scutcher 
/,  which  has  finer  and  more  numerous  teeth,  and 
drives  the  fibers  forward  to  the  wii-e  cylinders  H  I, 
a  knife  0  keeping  clear  the  lower  roller  of  the  last 
feed-pair.  The  dirt  falls  between  the  bars  of  the 
gratings  m,  over  which  the  cotton  passes  successively 
as  ft  comes  from  the  consecutive  scutchers,  and  the 
lighter  dust  passes  through  the  meshes  of  the  wire 
cylinders  H  I K  L,  an  exhaust-draft  of  air  operating 
from  the  periphery  of  the  cylinders  inward,  and  the 
dust  passmg  off  by  ducts  to  the  case  in  which  the 
exhaust-fan  rotates,  and  thence  by  a  suitable  chute 
to  the  open  air  or  cellar. 

A  deflector  F  prevents  the  passage  of  the  cotton 
upward  to  the  chute,  forming  a  wi^)er  for  the  cylin-. 
der  /.  The  bat  of  cotton,  by  passmg  between  two 
wire  cylinders,  is  subjected,  on  its  upper  and  lower 
surfaces  respectively,  to  a  drawing  action,  which  re- 
moves the  dust,  and  is  believed  to  accomplish  it 
more  perfectly  than  when  the  operation  is  confined 
to  one  side  of  the  bat,  a  single  cylinder  being  em- 
ployed. 

The  bat  from  the  cylinders  If  I  is  subjected  to 
the  pressure  of  a  toothed  roller  w.  which  acts  as  a 
doffer  to  the  upper  cylinder,  and  thence  i)as«es  be- 
tween a  pair  of  condensing  rollera,  which  compact  it 
previous  to  a  repetition  of  the  operation. 

A  third  set  of  feed- rollers  next  present  the  bat  to 
scutcher  P,  which  delivers  the  filaments,  thus 
opened  for  the  third  time,  to  the  wire  cylindera 
JC  L,  whence  it  is.snes  in  a  partially  compacted  wad, 
and  is  (lassed,  by  the  fluted  doffer  and  two  paira  of 
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pressure-rollers,  to  the  lap-roller  B,  on  which  it  is 
wound,  ready  for  the  operation  of  carding. 

Another  machine  has  a  device  for  regulating  the 
speed  of  the  feed-apron  by  the  weight  consequent 
upon  the  thickness  of  the  layer  of  cotton  presented, 
the  object  being  to  present  equal  (quantities  in  equal 
times  to  the  licker-in.  The  concave  s  is  supported 
on  a  center,  and  its  oscillations  affect  the  position  of 
the  band  on  the  cone-pulleys  b  below,  so  as  to  vai-y 
the  speed  of  the  travehng  feed-apron  e. 

As  the  cotton  passes  beyond  the  roller,  it  is  struck 


rotating  brush-cylinder  B,  and  the  heavier  specks 
fall  upon  the  mote-board  K,  while  the  lint  and  dust 
pass  to  the  chamber  R,  and  fall  upon  the  wire-gauze 
suiface  of  the  cylinder  P^  the  dust  passing  through 
and  })eing  conducted  out  of  the  machine,  while  the 
lint  is  aiTested  and  passes  to  the  doffing  and  com- 
pacting cylinders,  from  which  it  issues  as  a  bat. 

In  Fig^  1487,  instead  of  saws  are  needle-pointed 
teeth.     The  teeth  are  set  obliquely  to  the  radial 

Fig.  1487. 


wire  cylinders  c  h,  which  have  an  internal  exhaust 
to  remove  the  dust.  From  thence  the  bat  passes  to 
the  pair  of  condensin^-rollers  ?»,  and  then  to  the  lap- 
roller  n,  on  which  it  is  wound. 

Cot'ton-ee.  (Falfric.)  A  Turkish  fabiic  of  cot- 
ton and  silk  satinet. 

Cof  ton-el'e-va'tor.  An  arrangement  in  a  cot- 
ton-mill of  a  tube  with  air-blast  or  spiked  8tra[>s 
for  carrying  cotton  to  the  upper  stories. 

Cof  ton-gin.  A  device,  originally  invented  by 
Whitney,  1794,  in  which  lint  is  picked  from  the 
seed  by  means  of  saw-teeth  projecting  through  slits 
in  the  side  of  the  chamber  in  which  the  seed-cotton 
is  placed. 

In  the  example,  the  cotton  occupies  chamber  F, 
where  the  picker-roll  A'  rotates.    ^  is  a  grid  form- 


Off /<m-  €Hn. 


ing  one  side  of  the  chamber,  and  through  its  inter- 
vals pass  the  teeth  of  the  saws  A  which  are  arranged 
in  a  TOW  upon  a  mandrel  driven  by  the  motor.  The 
fibers  of  lint  being  drawn  by  the  teeth  between  the 
•bars  of  the  grid  J? are  brushed  from  the  .saw  by  the 


Cotton- Gin 

lines  of  the  ginning-oy Under,  which  is  composed  cf 
segments  of  rings  which  admit  of  separate  removal. 
The  cotton  is  doffed  by  a  bnish-cylinder,  and  received 
by  and  condensed  between  two  sniooth  cylinders, 
which  make  it  into  a  bat  and  allow  the  dust  to  pass 
off. 

Cot'ton-hook.  A  claw  with  a  handle,  by  which 
cotton -bales  are  moved  in  loading  and  shipping. 

Cofton-iz'ing  Fibber.  A  process  of  duinte- 
grating  fiber,  adopted  with  flax,  hemp,  jute,  cane, 
etc.,  80  as  to  reduce  them  to  a  short  staple  resem- 
bling cotton,  which  can  be  worked  on  cotton-ma- 
chinery. 

P.  Claussen's  patent,  1851,  No.  8184,  describes  a 
process  for  reducing  vegetable  fiber  to  a  condition 
for  being  spun  or  felted,  by  saturating  it 
with  a  solution  of  carbonate  of  soda  and 
potash,  and  then  toasolution  of  sulphuric 
acid,  so  as  to  generate  carbonic-acid  gas 
within  the  cellular  structure,  and  thus 
tear  it  to  pieces  and  dissolve  the  muci- 
laginous matters.     See  Flax-cotton. 

Lyman's  patent,  August  3,  1858,  is 
for  what  is  called  the  *  *  fiber-gun. "  Wool, 
flax,  hemp,  jute,  cane,  etc.,  are  confined 
in  a  cylinder,  and  chai^ged  with  steam 
at  a  very  high  pressure.  By  a  sudden 
movement,  the  material  is  released 
and  explodes  into  a  chamber,  the  vio- 
lent expansion  rupturing  the  cells  and 
reducing  the  material  to  a  disintegrated 
condition. 

There  are  many  modifications  of  the 
alkali  and  acid  treatment,  and  of  the 
resultina;  wa.shin^,  bleaching,  and  dry- 
ing processes,  by  which  .mucilage,  color,  and  silex 
are  removeil. 

Cot'ton-ma-ohin'er-y.  The  progress  of  a  bale 
of  cotton  to  the  condition  of  thread  or  yam  may  be 
briefly  stated  as  follows  :  — 
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1.  Sorted  and  mixed,  to  give  unifonn  quality  to  a 
given  lot.  The  cotton  is  piled  in  layers  in  a  bink^ 
and,  in  taking  it  fropi  the  side  of  the  heap,  the  cot- 
ton of  the  several  strata  is  an  average  of  the  whole. 

2.  Scutched  or  millotped,  to  tear  the  matted 
masses  apart  and  open  out  the  fibers. 

3.  Cleaned  and  batted  by  a  combined  tearing  and 
blowing  action. 

4.  The  bat  is  farther  treatwl  in  a  similar  manner, 
the  filaments  being  more  divided,  received  on  a  wire- 
gauze  drum,  pressed  into  a  thin  sheet,  and  delivered 
as  a  lap  upon  a  roller. 

5.  Carded^  to  straighten  the  iibers,  which  are  de- 
livered m  fleeces  or  slivers  by  the  doffer;  that  is,  in 
broad  or  narrow  films  or  transparent  sheets  of  fiber ; 
or  the  fleece  is  reduced  to  a  sliixir  by  being  passed 
through  a  funnel  and  consolidated  by  rollers. 

6.  Ikfubled  and  drawn^  to  complete  the  parallelism 
and  elongate  the  ribbon.  By  the  repetition  of  this 
process,  the  possible  inequalities  of  separate  ribbons 
are  lost  by  throwing  them  together  and  re-drawing 
again  and  again,  and  depositing  in  cans. 

7.  Jtomngy  to  attenuate  and  slightly  twist  the 
spongy  cord  and  wind  it  on  bobbins. 

8.  Fiive-roving  and  stretching  by  the  bobbin-nnd- 
fly  frame  or  the  stretcher-niule,  delivering  on  bob- 
bins. 

9.  Spinning  in  the  throstle,  which  continuously 
draws,  ttcists,  and  winds  the  yam  (for  warp) ;  or  in 
the  mule,  which  draws  out  and  twists  lengths  of 
about  56  inches,  and  then  winds  upon 
the  spindles  (for  weft). 

10.  IVinding,  doubling,  and  singeing 
the  yams,  to  fit  them  for  the  weaver. 

11.  Packing. 

12.  Dressing.  * 

13.  Warping. 

14.  Weaving. 
N.  B.  There  are  many  varieties  and  differences  in 

machines  and  processes,  and  some  even  in  the  order 
of  details.  Much  difference  also  exists  in  the  ma- 
chines for  finer  or  coarser  work,  so  that,  while  the 
above  list  is  substantially  accurate,  it  will  not  be 
found  to  agree  with  the  order  of  all  factories,  and 
perhaps  not  in  every  respect  with  any  one. 

The  inventions  involved  in  the  treatment  of  cot- 
ton by  machinery  are  about  n.s  follows  :  — 

Fly-shuttle,  John  Kay,  of  Bury,  1738. 

Carding-machine,  Lewis  Paul,  1738. 

Drop-box,  Robert  Kay,  1760. 

Spinning  by  rollers,  Lewis  Paul  or  John  Wyatt, 
1738. 

Spinning-jenny,  Hargreaves,  1767. 

Water-frame,  Arkwright,  1769. 

Power-loom,  Rev.  D.  E.  Cartwright,  1785. 

Cotton-gin,  Eli  Whitney,  1794. 

Dressing-machine,  Johnson  and  Radcliffe,  1802- 
1804. 

Power-loom,  Horrocks,  1803-1813. 

Mule,  Samuel  Crompton,  1774-  1779. 

Self-acting  mule,  Roberts,  1825. 

See  Cotton,  Flax,  Wool,  Hemp,  Silk,  etc.. 
Appliances,  p.  631. 

A  cotton-factory  cited  by  Ui*e  has  machines  in 
the  following  proportions  :  — 

1  wUlow,  1  blowinq-nutchine,  1  lap-machine, 
capable  together  of  cleaning  and  lapping  9,000 
pounds  of  cotton  per  week. 

21  cards,  breakers^  and  finishers  ;  joint  cajwcity 
6,000  pounds  per  week  of  69  hours. 
8  draxdng-frames  of  3  heads  each. 

2  coarse  bMin-and-fty  frames. 
7  fiii^.  fly 'frames. 

12  self-acting  mules ;  404  spindles  each. 


10  throstle-frames  ;  236  spindles  each. 

7  dressing-machines, 

236  power-looms. 

2  warping-mills. 

300  warp-winding  spindles. 

The  rovings  have  four  hanks  in  the  pound,  and 
are  spun  into  yam  No.  38  on  the  throstles  as  well 
as  by  the  mules. 

Cbt'ton  Pa'per.  We  are  iudehteil  for  cotton 
paper  to  the  Arabians,  and  it  is  surmised  that  they 
learned  it  of  nations  still  east  of  them.  The  use  of 
cotton  for  this  purpose  was  probably  derived  from 
"far  Cathay"  (Cnina),  whence  we  received  gun- 
powder, porcelain,  the  mariner's  compass,  and  the 
art  of  glazing  earthenware. 

The  first  use  of  cotton  paper  in  Europe  was  among 
the  Saracens  in  Spain,  and  cannot  be  traced  back 
beyond  the  tenth  century.  In  Europe,  it  preceded 
the  use  of  flax  fiber  for  that  purpose.  The  paper  of 
Xativa,  a  city  of  Valencia,  was  famous  in  the  twelfth 
century.     See  Paper. 

Cot'ton-pick'er.  1.  A  machine  for  scutching 
cotton  to  tear  apart  the  matted  masses  and  clean  it. 
See  Cotton-cleaner. 

2.  A  machine  for  picking  cotton  from  the  bolls 
of  the  plant.  One  forai  consists  of  a  traveling 
toothed  belt,  which  catches  the  cotton  fiber  and 
drags  it  into  a  receptacle.  This  form  is  shown  in 
Fig.  1488,  which  has  a  toothed  wheel  working  into 


Fig.  1488. 


CoUon-Pieker. 

the  links  of  an  endless  chain  having  reflex  spines, 
which  strip  the  cotton  from  the  bolls,  and  carry  it 
to  the  other  end  of  the  machine,  where  it  is  thrown 
off  into  a  receptacle  by  a  revolving  stripper. 

Other  machines  have  rotary  bmshes,  and  still 
others  operate  by  blowers,  flexible  air-pipes,  and 
nets  which  catch  the  fiber. 

Cot'ton-presB.  One  in  which  cotton  is  baled 
for  transportation  and  storage. 

There  are  various  forms  of  cotton -presses,  known 
as  the  screw,  toggle,  beater,  revolving,  hydraulic, 
portable,  double-acting,  windlass,  rack-and-pinion, 
re-pressing,  and  rolling-pressure  presses.  See  under 
those  heads  respectively. 

The  old  form  of  pi*ess  was  the  screw,  which 
ascended  vertically  from  the  follower  and  worked  in 
a  nut  in  the  upper  cros-s-beam.  It  was  rotated  by  a 
sweep. 

In  the  illustration  is  a  modem  form  of  the  screw- 

{)ress,  which  leaves  the  upper  end  of  the  box  open 
or  filling,  the  screw  working  from  beneath. 

The  cotton  is  confined  in  a  long  rectangular  chest 
that  revolves  on  a  vertical  axis,  engaging  a  screw 
that  drives  the  follower. 

The  bevel-wheel  k  is  driven  by  the  shaft  and  band 
wheels,  and  engages  another  bevel-wheel,  which  is 
secured,  teeth  down,  beneath  the  sill-framing  of  the 
box,  which  mns  on  rollers  on  the  rim  of  the  curb 
G.  As  the  box  rotates,  the  screw  rotates  in  its  nut, 
and  elevates  the  follower  F. 
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Fig.  1489. 


utilized  for  their  oil  and  the  refuse  for  mauure. 
Tlie  kernels  pass  through  the  screen,  while  the 
coarser  hulls  and  fibers  are  carried  along  and  dis- 
charged from  the  lip  of  the  screen.  The  hulled  seed 
is  then  received  into  the  box-screen  /,  which,  being 
shaken  by  suitable  mechanism,  se^iarates  the  still 
remaining  lighter  portions  of  the  hulls  that  pass  the 
wire  screen,  carrying  these  portions  out  over  the 
apron «/,  while  the  cleaned  and  hulled  seed  passes 
out  through  the  chute  K. 

Cot'ton-«eed  MilL  One  for  grinding  the  seed 
of  cotton,  either  for  mauure  or  for  obtaining  from 
the  meal  the  oil,  either  by  pressure  or  the  more 
usual  mode  of  treatment  by  bisulphide  of  carlton 
(Sim's  process)  or  hydrocarbon. 

Got'ton-aeed  Plant'er.  One  in  which  the  feed- 
motions  are  ^itive,  as  the  seed  adheres  by  the  in- 
terlacing of  its  fibers,  and  i*equires  to  be  torn  apart 
and  driven  down  the  chute  to  the  ground. 

In  Fig.  1491,  the  adjustable  teeth  are  arranged 
within  a  case  in  a  hopper,  and  are  0})erated  by  gear- 
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Cot'ton-seed  Cleanser.  A  machine  for  tearing 
the  remaining  liber  from  the  cotton -seed,  or  one 
which  so  far  compacts  the  fiber  upon  the  seed  that 
the  latter  will  i-oll  upon  itself  without  making  a 
mat,  and  so  become  fitted  to  be  sown  by  an  ordinary 
machine. 

Cot'ton-aeed  Hull'er.  A  machine  by  which 
the  hull  of  the  cotton-seed  ie  rasped  off  and  sifted 
from  the  farinaceous  and  oily  matters,  which   are 

Fig.  1490. 
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Couon-Setd  Planter. 

ing  in  connection  with  the  driving-wheel,  and  regu- 
lated by  cams  secured  to  the  case,  whereby  the  cot- 
ton-seed is  projected  down  the  tube.  Rotating  arms 
work  in  the  case,  preventing  choking  therein. 

Cot'ton  Thread.  Cotton  threi^  for  sewing  is 
made  by  laying  together  two  or  more  yams  of  eoual 
4uality  and  twisting  them.  Previous  to  the  doubling 
and  twisting,  the  yam  is  passed  through  a  trough 
containing  a  thin  solution  of  starch.  The  twist  is 
given  in.an  opjwsite  direction  to  that  applied  by 
the  spinning-machine,  as  in  the  case  of  organzine 
silk. 

Cot'ton-top'per.  A  machine  which  nasses 
along  and  pmnes  the  row  of  gi-owing  cotton-plants, 
in  order  to  curb  its  rampant  luxuriance. 

Cot'treL  A  hook  and  trammel  for  suspending  a 
cook  ing- vessel. 

Couch.  1.  {Malting.)  The  heap  of  steeped 
barley  on  the  floor  where  the  grains  undergo  gemd- 
nation,  effecting  the  change  into  mcUL  The  opera- 
tion of  couching  takes  about  fourteen  days,  and  the 
subsequent  kiln-drying,  which  an^ests  germination, 
takes  two  days. 

2.  (Paper -making.)  '  To  take  the  flake  of  imper- 
fectly compacted  pulp  from  the  mold  or  apron  on 
which  it  has  been  fonned. 

With  hand -laid  paper  this  is  the  business  of  the 
coiicheVf  who  re<reives  the  mold  from  the  dipper  and 
couches  the  sheet  upon  a,  felt. 

In  paper-machinery  the  operation  is  performed 
by  a  roller  called  the  ccnichitig-roller. 
"  3.  A  reclining  seat,  bed,  or  sofa. 
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The  Greeks  adopted  the  couch  from  the  Persians. 

"After  this  had  been  said,  Cymilcus  asked  for 
some  spiced  and  boiled  water  to  drink  ;  sa3ring  he 
must  wash  down  all  those  salt  ar^ments  with 
sweet  drink.  [Salted  fish  had  been  the  subject  un-  , 
der  discu&sion.  J  And  Ulpian  said  to  him  with  some  I 
indignation,  and  slapping  his  pillow  tcith  his  hand, 
*  How  long  will  it  be  before  you  leave  otf  your  bar- 
l)arian  tricks  ? '  "  —  Deipnosophists,  111.  94. 

4.   (In  pai}iting,  etc.)     The  ground  or  base  on  ! 
which  the  color  is  applied ;   a  varnish  or  sizing.  ! 
The  term  is  also  used  in  leather-gilding,  gold- wire 
drawing,  and  other  mechanical  arts. 

Couch'ing-in'stni-ineiit.  One  employed  in 
depressing  the  opaque-  lens  in  cataract  previous  to 
removal. 

Cou-lisse'.    1.  A  grooved  piece  of  timber. 

2.  A  pair  of  battens,  or  a  groove  in  which  a  sluice- 
gate moves  up  and  down. 

Cou-lomb's  Bal'anca  The  torsion -balance  ;  a 
form  of  Elrctromkter  (which  see). 

Coun'ter.  1.  {Shipbuilding.)  That  part  of  a 
ship's  stem  which  overhangs  the  stern-post.  The 
coi*n/cr-timbers  spring  from  the  vring -transom, 
which  extends  across  between  the  fashion-pieces, 
crossing  in  front  of  the  stern-post,  near  its  head.  At 
the  top  of  the  counter-timbers  is  the  taffrail, 

2.  A  bench  or  long  table  on  which  merchandise  is 
exhibited  or  money-affairs  transacted. 

3.  The  back  part  of  a  boot  or  shoe,  around  the 
heel  of  the  wearer,  and  to  which  the  boot-heel  is 
attached. 

4.  An  apparatus  attached  to  a  steam-engine, 
printing-press,  or  other  machine,  for  the  purpose  of 
counting  the  revolutions  or  pulsations,  as  tne  case 
may  be.    A  game-scorer. 

5.  {Afining. )     A  cross  vein. 
Coun'tar-bal'ance.    A  weight  in  a  driver  or 

fly-wheel  to  overcome  a  dead  point,  or  Imlance  the 
weight  of  some  object  whose  gravity  affects  the 
opposite  side  of  the  wheel. 

A  suspended  weight  to  counterpoise  the  weight 
of  a  drawbridge,  crane-jib,  bob,  or  working- beam. 

Coun'tar-bat'ter-y.  A  battery  at  the  crest  of 
a  glacis,  to  silence  the  fire  of  the  besiegers,  and 
cover  the  storming  party. 

Coun'ter-beam.  {Printing.)  A  beam  con- 
nected to  the  platen  by  two  or  more  ro*J.s,  through 
the  medium  of  which  the  reciprocating  motion  is 
communicated  to  the  platen. 

Coun'ter-braoe.  {NaiUvcaZ.)  The  brace  of  the 
foretopsail  to  leeward. 

Coun'ter-oheck.  A  plane  for  working  out  the 
groove  which  unites  the  two  sashes  of  a  window  in 
the  middle. 

Coun'ter-die.    The  upper  die  or  stamp. 

Counter-drain.  (H7jdraulic  Engintering.)  A 
drain  at  the  foot  of  a  canal  or  dike  embankment,  to 
catch  and  carry  off  the  water.  .  | 

Coun'ter-ez-ten'sion  Ap-pa-ra'tus.  For 
retaining  tirmly  the  upper  part  of  a  limb  while  ex-  I 


\^- 


CowUer-Extmsion  Appamttts. 


tension  is  practiced  upon  the  lower,  in  cases  of  frac- 
ture of  the  &mur  or  the  neck  of  the  trochanter 
major,  to  enable  the  bony  parts  to  unite  without  a 
shortening  of  the  limb.  It  consists  of  coaction- 
splints  for  the  femur  (if  that  be  the  seat  of  the  ac- 
cident) ;  a  counter-extending  band  attached  to  the 
bed-head  ;  and  a  round  perineal  band  which  passes 
around  the  crotch ;  an  extending  band  fastened  by 
starch  bandage  to  the  lower  leg ;  a  wooden  block  on 
the  foot-sole,  connecting  the  band  to  an  extension 
cord,  which  runs  over  a  pulley  on  the  bed-foot 

Coun'tar-faller.  {CotUyn-inamtfacture.)  In  the 
mule-spinner,  a  counterweighted  wire,  which  is  de- 
pressed when  the  faller-urire  lowers  the  row  of  yams 
to  wind  them  on  the  cop.  Its  duty  is  to  balance 
the  threads  after  they  are  depressed  by  the  fallcr- 
icire,  and  to  straighten  them  when  loose. 

Coun'ter-fort.  {Masonry.)  A  pier  or  buttress 
bonded  as  a  revetment  to  the  back  of  a  i*etaining 
wall,  to  support  and  also  tie  the  wall,  such  as  the 
scarp  of  a  tort,  to  the  bank  in  the  rear. 

The  buttress  is  sometimes  on  the  face.  When 
arches  are  turned  between  counterforts,  it  is  called  a 
counter-arched  revetment. 

Ck>un'ter-gage.  {CarpciUrjt.)  An  acljustable, 
double-pointed  gage  for  transfemng  the  measure- 
ment of  a  mortise  to  the  end  of  a  stick  where  a 
tenon  is  to  be  made,  or  vice  versa. 

Coun'ter-goard.  {Fortification.)  A  rampart  in 
advance  of  a  bastion  and  having  faces  parallel  thereto. 

Coun'ter-mine.  {Fortification.)  A  mine  by  the 
besieged,  to  meet  an  approach,  destroy  an  offensive 
position,  or  intercept  a  mine  of  the  attacking  partv. 

Coun'ter-mure.  {Masonry.)  The  facing  of  a  wall. 

Croun'ter-pane.  A  coverlet,  sometimes  woven 
in  raised  figures.     A  quilt ;  a  spread. 

Counterpane-weaving  is  with  two  shuttles,  one 
holding  a  much  coarser  weft  than  the  other.  The 
coarser  is  thrown  in  at  certain  intervals,  and  the 
thread  is  picked  up  with  an  iron  pin,  rather  hooked 
at  the  point,  so  as  to  form  knobs  disposed  in  a  sort 
ofpattem. 

Coun'ter-poise.  A  balance- weight  upon  a  wheel 
or  beam,  as  on  the  driving-wheel  of  a  locomotive, 
et«.     A  counterbalance. 

Coun'ter-pOise-brldge.  A  bascule-hridge ;  the 
platfomi  is  raised  by  machinery  or  otherwise,  the 
operation  being  assisted  by  counter-weights.  See 
Bascule  ;  Liftino-bridoe. 

Coun'ter-prool  One  taken  by  transfer  from 
another  proof  just  printed.  The  object  is  to  furnish 
an  engraver  with  a  copy,  non -reversed,  of  his  plate. 

Coun'ter-punch.  {Chasing.)  One  which  sup- 
]>orts  the  metal  beneath  while  the  hammer  is  ap- 

5 lied  above,  and  may  be  the  means  of  ex})anding  a 
ented  place  by  outward  pressure  while  blows  are 

given  on  the  outer  surface  around  the  spot  thus  sup- 
ported. 
Coun'tar-rails.   {Shipbuilding.)    The  omamen- 

tal  molding 

across      a  ng.  1493. 

square  stern 

at  the  ter-  ^ 

mination  of 

the  counter. 
Coun'- 

ter-BcalOB. 

A     conven- 
ient form  of 

scales  for 

counter    or 

table  use.  It 
I  has  many 
,  fonns.  Cbunter-ScaUs 
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Croun'-ter-scarp.  (Fortification.)  The  wall  on 
the  outer  side  of  the  ditch,  opposite  ^o  the  acarp^ 
which  is  on  the  fort  side. 

Coun'ter-Bhaft.     An  opposite  and  parallel  shaft 
driven  by  band  or  geaiing  from  the  former  one. 
Coun'ter-i^kr    I.  An  enlai^raent  of  a  hole  to 

receive  the  head 
Fig.  1494.         n        H    of  a  screw   or 
"        "    bolt. 

The  sides  of 
the  hole  are 
merely  cham- 
fered {a  a)  when 
it  is  to  receive 
the  head  of  an 
ordinary  wood 
screw. 

When  a  flat- 
head  screw  or  a 
bolt-head  is  to 
1)6  let  in  flush 
with  or  below 
the  surface,  a  flat  bottom  b  is  reauired. 
2.  A  tool  for  making  a  countersink  depression. 
In  watch-making,  the  countersinks  c  c  are  of  the 
flat-bottom  class  ;  a  central  stem  passes  into  the 
hole  for  the  shank  of  the  screw,  and  acts  ait  guide 
for  the  cutting  edge.    /  is  a  tap;iring  countersink 
formed  by  a  wing  twisted  into  a  spiral  cutting  edgi^ 
Coaii'ter-Biiik-bit.    A    boring-tool    having   a 
conical  or  cylindrical  cutter,  which  makes  a  depres- 
sion *to  suit  the  head  of  a  screw.     See  c  d  ef  g.  Fig. 
1494. 

Coun'ter-Bunk-head'ed  Bolt.  A  bolt  having 
a  beveled  head,  which  is  let  into  a  corresponding 
cavity  in  one  of  the  pieces  which  it  binds  together. 
See  Bolt. 

Coun'ter-Btuik  NaiL  A  nail  with  a  conical 
head  like  a  wood-screw. 

Coun'ter  Swallow-taiL  {Fortijicatuyn..)  An 
outwork   in   the  form  of  a  single  tenaille,  with  a 


Countersinks. 


(Shipbuildiiig.)    One  of  the 
a  ship's  stem  which  over- 


wide  gorge. 

Coun'ter-tim'ber. 
timbers  in  that  part  of 
hangs  the  stem-post. 

C^un'ter-trenoh.  (Fortification,)  A  trench 
made  by  the  garrison  to  intercept  that  of  the  be- 
siegers. 

Coun'ter-val-la'tioii.  {Fortification.)  Lines 
or  earthworks  around  a  fortress  to  repel  sorties. 

Coun'ter-vault.    An  inverted  arch  or  vault. 

Cotm'ter-works.  (Fortification.)  Works  un- 
dertaken for  the  purpose  of  destroying  or  rendering 
useless  those  of  the  enemy. 

Coimt'esB.    A  size  of  slate.     See  Slate. 
'    Coun'try.    1.  (Mining.)    The  rock  or  strata  in 
which  a  metallic  lode  is  found. 

2.  (Fortification.)  The  region  outside  of  a  fort 
down  to  which  the  glacis  slopes. 

CrOunt-wheeL  (Horology.)  A  wheel  with 
peripheral  notches,  whose  intervals  are  spaces  whose 
proportions  are  1,  2,  3,  up  to  12.  The  wheel  governs 
the  striking  so  far  as  to  regulate  the  number  of 
blows.  The  knife-edge  detent  being  lifted  out  of  a 
notch,  the  hammer  vibrates  so  long  as  the  edge 
rests  on  the  portion  of  the  wheel  between  the  notches. 
These  spaces  are  graduated  in  length,  so  as  to  allow 
the  hammer  to  make  1,  2,  3,  etc.,  vibrations  up  to 
12,  when  it  has  completed  a  revolution  and  begins 
again.  Seventy-eight  blows  are  struck  in  a  com-  < 
plete  revolution.  It  is  superseded  in  some  clocks 
by  the  rack  and  snail ^  invented  by  Tompion. 

Cou-pa'.  1.  A  four-wheeled  close  carriage  with 
a  single  inside  seat  and  a  perch  for  the  driver. 


2.  The  froftt  apartment  of  a  French  diligence  or 
an  English  railway-car. 

Croup'er.  A  lever  on  the  upper  part  of  the  loom, 
to  raise  the  harness. 

Couple.  (Electricity. )  A  voltaic  couple  is  a  imir 
of  plates  forming  a  battery,  or  a  part  of  one. 

woupled  CormnxiB.  Columns  arranged  in  pairs, 
where*  the  nature  of  the  openings,  doors,  windows, 
or  niches  precludes  the  usual  iutercolumnar  distance. 

Coupler.  1.  (Music.)  A  connection  between 
the  corresponding  keys  of  different  lianks  or  ranks  of 
keys,  so  that  they  act  together  when  one  is  plaved 
upon.  When  a  key  of  the  lower  bank  is  touched,  it 
actuates  the  one  above  ;  but  the  action  is  not  recip- 
rocal. The  coupler  is  thrown  into  action  by  a  draw- 
stop  or  pedal. 

Octaves  in  the  same  bank  are  sometimes  coupled, 
to  avoid  the  necessity  of  striking  octaves  by  stretch- 
ing the  hands.  Similarly,  the  ^reo^-oigan  may  be 
coupled  with  the  choir-orftMi  or  the  swell. 

2.  The  ring  which  slips  upon  the  handles  of  a 
cmcible  tongs,  or  a  nipping-tool  of  any  kind.  Also 
called  reins. 

Couples.  (Carpentry.)  Rafters  framed  together 
in  pairs  by  a  tie,  wnich  is  generally  fixed  above  the 
feet  of  the  rafters. 

Main  couples ;  the  roof-trusses. 

Coup'ling.  A  device  for  uniting  ac^jacent  parts 
or  objects.     See  under  the  following  heads  :  — 


Axle-coupling. 

Bale-tie. 

liall  and  socket. 

Band-coupling. 

Bayonet-joint. 

IWt-clasp. 

lielt-coupling. 

Belt-fastener. 

Binding-screw. 

Bolster-coupling. 

Buckle. 

Car-coupling. 

Carriage-coupling. 

Carriage-shack  le. 

Chain -coupling. 

Clasp. 

Claw  for  suspendingtackle. 

Clevis. 

Clinch-ring. 

Clip. 

Clutch. 

Clutch-rope. 

Coat-link. 

Connecting-link. 

Connector. 

Coupler. 

Coupling-box. 

Coupling-link. 

Coupling-pin., 

Coupling-pole. 

Cramp. 

Diflerential  coupling. 

Draft-bar. 

Draw-bar. 

Draw-link. 

Ex  pansion  -coupling. 

Felloe-coupling. 

Fetter. 

Fish-bar. 

Fish -joint. 

Flexible  coupling. 

Friction-clutch. 

Friction-coupling. 

Gimbal. 


Gimmal. 

Gland. 

Grappling-iron. 

Gripes. 

Gyves. 

Hame-fasteniug. 

Hand -clamp. 

Hand-cuff. 

Ham^-snap. 

Hasp. 

Hinge. 

Hook  (varieties, see  Hook). 

Hopple. 

Hose-coupling. 

Jew's-harp-shackle. 

Joint  (vaneties,  see  Joint). 

Joint-coupling. 

Key-coupler. 

Knuckle-joint. 

Lap-ring. 

Lengthening-rod. 

Manacles. 

Oldham's  coupling. 

Ojien  ring. 

Parral. 

Perch. 

Pipe-coupling. 

Pitman  -coupling. 

Kail-coupling. 

Reach. 

Reins. 

Ring. 

Rod-coupling. 

Screw-coupling. 

Shackle. 

Shaft-coupling. 

Shank-coupling. 

Snap-hook. 

Snap-link. 

Spiral-spring  coupling. 

Split-pin. 

Split-ring. 

Spring-coupling. 
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Swivel. 

Thill-eoupliug. 
Tool-coupling. 
Tree-coupling. 


Truss. 

Turnbuckle. 
Universal  joint. 
Wagon-coupling. 


Coup'ling-box.  A  metallic  box  into  which  the 
ends  of  two  shafts  are  fastened,  to  couple  them  in 
line. 

Coapling-link.  An  open  or  split  link  for  con- 
necting two  objects,  or  forming  a  detachable  section 
in  a  chain. 

Coup 'ling-pin.  {Vehiek.)  A  bolt  which  fastens 
the  hind  hounds  to  the  coupling- iK)le,  which  is  at- 
tached to  the  fore-gears  by  the  king-bolt. 

CrOnpling-pole.  (Vehicle.)  A  pole  connect- 
ing the  fore  and  hind  gear  of  a  wagon. 

Coupling-strap.  A  strap  connected  to  the  off 
bit-ring  of  the  off  horse,  thence  through  the  near 
bit-ring,  and  leading  back  to  the  harness  of  the  near 
horse.  Used  with  artillery  horses,  and  also  for 
restive  horses  iu  ordinarv  service. 

CrOU-pure'.  {Fortificalion.)  A  pasmge  cut 
through  the  glacis  in  the  reentering  angle  of  the 
covered  way,  to  facilitate  salli&s  by  the  besieged. 
They  are  sometimes  made  through  the  lower  curtain, 
to  let  t)oats  into  a  little  haven  built  in  the  reenter- 
ing angle  of  the  counterscarp  of  the  outworks. 

Conrse.  1.  {Masonry.)  One  row  or  tier  of 
bricks  or  stones  in  a  wall. 

Plinth-cowtsei ;  a  lower,  projecting,  square-faced 
course. 

Blocking-coviV^  ;  laid  on  top  of  the  cornice. 

Boixding-Qoxme  ;  one  in  which  the  stones  lie  with 
their  length  across  the  wall. 

irea(2»t^-course  ;  being  all  headers. 

Strttching'QOMT9%  ;  consisting  of  stretchers. 

Spring ing-coMvse ;  upon  whi«;h  an  sirch  rests 

String-connG  ;  a  projecting  course  in  a  wall. 

Rows  of  slates,  tiles,  and  sningles  are  also  termed 
courses.  The  barg j-cowrse  is  one  projecting  over  the 
gable  of  a  building. 

2.  {Music.)  A  set  of  strings  of  the  sama  tone 
placed  alongside,  and  struck  one,  two,  or  thi-ee  at  a 
time,  according  to  the  strength  of  sound  desired. 
The  adjustment  in  a  piano  is  made  by  the  soft  pedal, 
which  shifts  the  bank  of  keys. 

3.  {File-cutting.)  A  row  of  parallel  teeth  on  the 
face  of  a  file.  One  coursz  mikes  a  single-cut  file.  A 
course  crossing  the  former  at  right  angles  consti- 
tutes it  a  douhle-cut  file. 

Eight  courses  of  cuts  are  required  for  a  square  file, 
double-cut  on  each  side. 

On  the  half-round  files  for  guUcting  saws  as  many 
as  twentv-three  courses  are  required  for  the  convex 
side,  and  only  two  for  the  straight  side. 

4.  {Mininy.)    The  direction  of  a  vein  or  lode. 
Coorsed  Ma'son-ry.     As   distinguished  from 

pier  re  psrdus,  in  which  the  stone  is  cast  in  at  ran- 
dom to  make  a  foundation,  as  in  the  Pl3rmouth  and 
other  breakwaters,  the  Rip-raps,  etc.  Coursed 
masonry  consists  of  blocks  lying  on  theu*  beds  in 
courses.  When  laid  beneath  the  surface  of  the 
water,  they  are  directed  by  operators  in  the  div- 
ing-bell, as  practiced  by  Smeaton  at  Ramsgate  Har- 
bor. 

Coursed-rubble  masonry  is  laid  in  courses  with 
occasional  headers  ;  the  side  joints  are  not  neces- 
sarily vertical,  nor  the  stones  in  a  course  of  an  even 
thickness. 

Cours'es.  (NaiUieal.)  The  sails  sustained  by 
the  lower  masts  ;  as  the  foresail,  mainsail,  and 
spanker. 

Conra'ing-joint.  The  mortar-joint  between  two 
courses  of  bricks  or  stones. 


Court-plas'ter.  Silk  surfaced  with  a  solution 
of  balsam  of  benzoin. 

Cons'si-nef .  {Architecture. )  The  impost  stone 
on  the  top  of  a  pier.     Cusheon. 

Cove.  1.  {Architecture.)  a.  A  hollow  fonning  a 
member  of  some  cornice-moldings  or  ceiling*  orna- 
mentation. 

b.  The  concavity  of  an  arcli  or  ceiling. 

2.  {Shipbuilding.)  An  arched  molding  at  the  foot 
of  the  tatfrail.  An  elliptical  molding  sprung  over 
it  is  called  the  arch  of  the  cove. 

Coved  Ceil'ing.  One  with  a  hollow  of  about  a 
quarter-circle  ninning  round  the  room,  situatetl 
above  the  cornice,  and  dving  into  the  flat  central 
portion. 

Cov'er.  1.  {Roofing.)  That  portion  of  a  slate, 
tile,  or  shingle  which  is  hidden  by  the  overlap  of 
the  course  above.     The  exposed  part  is  the  margin. 

2.  {Machinery.)  The  cap-heaa  or  end-plate  of  a 
cylinder. 

3.  A  lid  or  hatch  for  a  coal-hole,  cistern,  or  vault- 
opening. 

4.  A  turret  or  cupola  on  a  kitchen  or  boiling- 
house,  pierced  at  the  sides  to  let  out  steam  or  smoke. 

5.  {Steam-engine.)  The  lap  of  a  slide-valve.  Se4» 
Lap. 

Cov'ered  "Way.  {FortifiaUion.)  A  sunken  area 
around  a  fortification,  of  which  the  glacis  forms  the 
para])et.  A  banquette  on  the  interior  rfope  of  the 
glacis  affords  a  place  for  the  garrison  to  stand  on 
while  delivering  a  grazing  fire  over  the  glacis. 

Cov'er-ing.  (Bookbinding.)  The  clothing  of 
the  sides  and  back  of  a  book  with  cloth,  muslin, 
leather,  paper,  or  other  material.  The  cover  ready 
for  the  contents  is  a  case. 

Cov'er-ing-Btrap.  (Iron  Shipbuilding.)  A  plate 
lieneath  the  two  meeting  plates  in  a  strake,  to  which 
thev  are  riveted  and  by  which  they  are  connected. 

6o-vet'ta.  A  plane  used  for  molding  frame- 
work, called  also  a  quarter-round. 

Cov'ing.  (^Architecture.)  a.  The  overhang  of 
the  upper  portions  of  a  building  beyond  the  limits 
of  the  ground  plan. 

b.  The  splayed  reveals  or  inclined  jambs  on  the 
sides  of  a  fireplace.  These  jambs  were  square  in  the 
old  English  n replaces.  In  some  of  the  Louvre  fire- 
places the  jambs  have  an  angle  of  about  45^  These 
were  probably  erected  about  1750,  by  Gabriel,  under 
the  orders  of  M.  de  Mavigny.  Ganger  had  previ- 
ously (1715)  given  to  the  coving  a  parabolic  curve. 
Count  Rumfoi-d  invented  or  adopted  the  inclined 
coving,  having  an  angle  of  135**  with  the  fire-back, 
to  radiate  heat  into  the  room. 

Co-w.  1.  (Mining.)  A  wooden  wedge  to  jam 
against  the  barrel  of  a  ai7i  or  crab,  to  keep  it  from 
revolving.     (Prov.  Eng.) 

2.  A  kind  of  self-acting  brake  formerly  used  on 
inclined  planes.     A  trailer. 

Ckxvr'axL    A  Scot<;h  fishing-boat. 

Co'w-beok.  A  mixture  of  hair  and  wool  for  hats. 

Co'w-catch'er.    An  inclined  frame  in  front  of  a 

Fig.  1495 


Cbuh  Catcher. 
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locomotive,  to  throw  obstructions  from  the  track. 
A  pilot.     Patented  in  England  by  Lindo,  1840. 

Cow-horn    For'ceps.      A 
Fig.  1498.  dentist's  instrument  for  extract- 

ing molars.  That  for  the  upper 
jaw  has  one  hooked  prong  like  a 
cow's  horn,  the  other  jjrong  be- 
ing gouge-shaped. 

The  cow-horn  forceps  for  the 

lower  molars    has    two    curved 

prongs,    which     hook    between 

Cow-horn  Forceps     the  pairs  of   side-roots  of   the 

molar. 
Cowl.    A  chimney-cap  made  to  turn  around  by 
the  wind,  or  provided  with  ducts  by  which  the  wind 
is  made  an  accessory  in  educting  the  smoke  and 
other  volatile  products  of  combustion. 

A  wire  cap  or  cage  on  the  top  of  a  locomotive 
smoke-stack. 

Cowls  are  also  used  on  the  summits  of  ventilating 
shafts  for  public  buildings. 

a  (Fig.  1 497).  The  flue  has  enveloping  side  passages 
which  assist  the  draft  by  induction. 

b.  The  spindle  of  the  cowl  is  stepped  in  a  socket, 
its  collar  revolving  in  flanges  upon  the  upper  side 
of  the  cap-plate,  which  is  anchored  to  the  brick- 
work of  the  chimney. 

c  is  a  cowl  or  hood  for  a  car-roof,  and  has  an  ad- 
justment by  which  its  mouth  is  presented  in  either 
direction  to  lea<l  in  vital  air,  or  by  induction  to  ex- 
iwjl  foul  air. 

Fig.  1497. 


d  has  a  circular  serios  of  openings  to  encourage 
upward  draft,  a  deflecting  frustum,  and  conical  cap. 

e  is  a  cover  for  a  marine  stove-pipe.  It  is  adjust- 
ed by  hand  so  as  to  present  the  o|)ening  to  leeward, 
and  the  side-wings  are  held  open  by  the  top-shield, 
which  is  pressed  down  upon  them. 


In  /,  the  issuing  current  of  air  and  smoke  is  de- 
flected outward  by  the  cone,  and  impinges  upon  the 
obliquely  set  plates  of  the  fan-cap,  causing  it  to  re- 
volve. 

Cow-milk'er.    A  mechanical  device  for  milking 
cows.      The    usual    de- 
vices are  on  the  princi-  Fig.  1498. 
pie  of  the  breast-pump, 
with  cups  for  the  sev-  g 
eral  teats.     The  elastic  f 
cups  communicate  with  | 
the  conical  cylinder  of| 
the    diaphragm    pump,  q 
the  piston  of  which  is  ^ 
worked  by  the  handles.    ^ 
The  milk  is  discharged 
by  a  spout  into  a  pail 
beneath. 

Cowu'er.  The  arched  Cow-MUker. 

part  of  a  ship's  stem. 

Crab.  1.  A  winch  on  a  movable  frame  with 
power-gearing,  used  in  connection  with  derricks 
and  other  non-permanent  hoisting-machines. 

The  larger  gear-wheel  is  on  the  shaft  of  the  roller, 
and  is  rotated  by  the  spur-pinion  and  hand-cranks. 

Fig.  1499. 


Oob. 

2.  A  form  of  windlass  for  hauling  ship«  into  dock. 

3.  A  machine  used  in  ropewalks  to  stretch  the 
yarn. 

4.  A  claw  for  temporarily  anchoring  to  the  ground 
a  portable  machine. 

Crack'er.  1.  (Pi/rof^chnics.)  A  form  of  explosive 
fire-work.  Marcus  Grsecus,  in  the  eighth  century, 
speaks  of  a  composition  of  sulphur,  charcoal,  and 
saltpeter,  which  he  said  might  be  made  to  imitate 
thunder  by  folding  some  of  it  up  in  a  cover  and 
tying  it  tightly.     This  was  a  cracker. 

2.  A  hard-baked  biscuit.     See  Biscuit. 

3.  One  of  the  deeply  grooved  iron  cylinders  which 
revolve  in  pairs  and  grind  the  tough,  raw  caoutchouc, 
which  has  been  prenouslj'  cut  in  pieces  by  a  cir- 
cular knife. 

Cra'dle.  1.  A  baby's  bed  or  cot,  oscillating  on 
rockers  or  swung  upon  pivots. 

The  ancient  Greeks  usetl  cradles,  and  called  them 
by  names  indicating  their  forms,  such  as  little  bed, 
boat,  etc. 

Baby  cradles  were  used  by  the  Romans.  They 
are  mentioned  by  Theocritus,*  The  cradle  of  Henry 
V.  of  England  swung  between  two  posts. 

2.  A  thin  shell  or  case  of  wood,  acting  as  a  splint 
for  a  broken  bone  or  dislocated  limb. 

3.  A  framework  which  supports  the  bedclothea 
above  an  injured  limb. 

4.  A  frame  on  which  loam -molds  are  placed  in  an 
oven  to  be  burned,  after  the  spindle  is  withdrai^'n. 
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5.  (Hydraulic  Engineering,)    The  frame  in  which  I 
a  ship  lies  on  the  ways,  and  which  accompanies  her  | 
in  kuDching ;  or,  the  frame  in  which  a  vessel  lies 
on  a  way  or  slip,  or  in  a  canal-lift. 

A  cradle  was  used  in  very  early  times  in  crossing 
the  Isthmus  of  Corinth,  from  the  Corinthian  to  the 
Cenchrean  Sea.  The  place  was  called  the  IHolcoSy 
or  drawing-place,  and  was  five  miles  in  length. 
This  crossing-place  was  again  used  during  the  mari- 
time warfare  between  the  Genoese  and  the  Turks. 

At  a  number  of  places  in  Lombardy  and  Veuetia 
the  locks  are  insufficient  or  absent,  and  boats  are 
cradled  and  ti-ansported  over  the  grade. 

The  same  thing  takes  place  on  the  Morris  and 
Essex  Canal,  which  crosses  the  State  of  New  Jersey, 
uniting  the  Hudson  and  DeUware  Rivers.  See  In- 
clined Plane. 

In  its  simple  form,  the  cradle  consists  of  three 
longitudinal  timbers  united  by  ribs  or  cross-pieces. 
This  is  floated  beneath  the  ship,  which  is  lashed 
thereto  by  cables.  The  cradle  and  its  burden  are 
then  floated  to  the  incline<l  ways  or  slip,  up  which 
it  is  hauled,  being  supported  by  rollers  wnich  in- 
tervene between  the  timbers  of  the  cradle  and  those 
of  the  slip. 

6.  (Metallurgy.)  A  rocking  apparatus,  used  in 
collecting  gold  from  soil  and  sana  by  agitating  the 
auriferous  earth  in  water. 

The  earth  is  shoveled  into  the  sieve,  and  washed 
through  its  meshes  by  water,  which  also  carries  off 


Gold 'Washing  CYadU. 

the  lighter  earthy  particles  in  suspension.  The 
coarser  matters,  whicn  do  not  pass  the  meshes  of  the 
sieve,  are  thrown  out  and  the  operation  repeated. 
After  a  large  quantity  of  earth  has  been  thus  dis- 
posed of,  the  contents  of  the  cradle  are  washed  in  a 
pan  and  the  gold  obtained  from  the  settlings. 

7.  A  tool  used  by  mezzoHnt-engnverH.  It  consists 
of  a  steel  plate  with  a  proper  tang  and  handle,  and 
has  angular  grooves  on  its  under  surface,  so  that 
when  the  rounded  end  is  obliquely  ground,  it  will 
form  a  row  of  points  by  which  a  multitude  of  burrs 
are  raised  upon  a  plate.  This  is  the  mode  of  pro- 
ceeding in  Mkzzoti NT- ENGRAVING  (whioh  see),  the 
cradle  being  rocked  back  and  forth,  and  retreating, 
making  a  zigzag  series  of  burrs.     This  is  crossed  at 


right  angles,  and  then  several  times  diagonally,  un- 
til the  wliole  surface  of  the  plate  is  roughened,  so  as 
to  hold  the  ink  of  the  copper-plate  printer.  The 
burnisher  and  scraper  remove  the  burr  in  parts,  ac« 
cording  to  the  desired  graduation  of  lights. 

8.  A  suspended  scaflbld  used  by  miners. 

9.  (Carpentry.)    The  rough  framework  or  brack- 
eting forming  ribbing  for  vault- 
ed ceilings  and  arches  intended  Fig*  1601. 

to  be  covei-ed  with  plaster. 

10.  (Husbandry.)  a.  A  set 
of  fingers  projecting  from  a  post 
which  is  mortised  into  the  snath 
of  a  grain-scythe. 

h.  A  grail] -scythe. 
The  American  grain- cradle  is 
a  superior  implement.  The 
English  cradle-sq/the,  judging 
by  the  representations,  is  a  far 
inferior  tool ;  nothing  in  its 
execution  comes  up  to  the  rate 
and  quality  of  work  as  seen  in 
the  American  harvest-field  be- 
fore cradles  w^ere  superseded.  Btitish  Cradle. 

Qra'dle-soythe.    (Agricul- 
ture.)   A  broad  scythe  to  be  fitted  in  a  grain -cradle, 
as  distinguished  from  a  grass  or.  mowing  scythe. 

Qra'ming.  1.  (Coopering.)  Cutting  a  cask  in 
two  lengthwise,  in  order  to  allow  it  to  pass  through 
a  doorway  or  hatchway,  the  jmrts  being  afterwards 

united     and    rc- 
hoop^d. 

2.  (Carpentry.) 
The  framework  in 
arched  or  coved 
ceilings  to  whirh 
the  laths  an* 
nailed. 

Cramp.  1.  (Ma- 
sonry. )     A  bar  of 
iron    with    bent 
ends,  used  to  unite 
adjacent  blocks  of 
stone  in  situations 
where  they  are  ex- 
posed to  wrench- 
ing, as  in  piers, 
/  wharves,      light- 
houses,  breakwa- 
tei-s,  etc. 
I.      Thestonesform- 
ing  the  piers  of 
r   the  bridge  of  Se- 
miram is  across  the 
Euphrates,    at 
■r  Babylon,  were  se- 
cured together  by 
iron  cramps  fast- 
ened   by   melted 
lead.     So  said  Diodorus  Siculus. 

Cramps  of  lead  for  fastening  together  the  .stone's 
of  masonry  were  found  by 
l^yard  among  the  ruins  of  Fig.  1602. 

Nineveh.     Leaden  cramps  | 
were    similarly    used     m 

The  blocks  included  in 
one  layer  of  masonry  in 
Smeaton'.s  Eddystone  light- 
house were  united  by  iron  i 
cramps,  with  melted  lead  ,    1  l.U  ,.'1,,  IT,,r,;^>4 
poured    around    them.    I  ^                      ^ 


Wooden  dowels  united  the 
layers. 


Orcunps. 
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The  stones  in  the  Coliseum  of  Vespasian  were 
united  by  bronze  cramps. 

2.  {Carpentry.)  a.  A  rectangular  frame  with. a 
tightening  screw,  by  which  carpenters  compress  the 
joints  of  framework,  as  in  making  doors  and  other 
panel- work,  and  for  othe  r  purposes.  I  ts  office  is  some- 
what similar  to  that  of  a  clamp, 

h,  A  bench-hook  or  hold-fast,    (a,  Fig.  1503.) 

3.  (Bootinaking.)   A  piece  of  boanl,  shaped  like  the 
front  of  a  boot,  over 


Fig.  1508 


Cramp-Drills. 


which  leather  is  bent 
to  form  the  upper  of  a 
boot  or  shoe.  See 
Crimp. 

Cramp-drilL  A 
portable  drill  having 
a  cutting  and  a  feed- 
ing motion.  In  one 
of  the  examples  the 
feed-screw  is  in  the 
lower  member  of  the 
cramp- frame,  and  in 
the  other  one  it  is  in 
the  upper  portion 
and  forms  a  sleeve 
around  the  drill-spin- 
dle which  rotates 
within  it. 

Cramp-i'ron.  An 
iron  binding  two 
stones  together  in  a 
coui-se.  It  has  usual- 
ly turned-over  ends 
which   penetrate  the 


respective  ashlars.     See  Cramp. 

Gramp-Joint.  One  in  which  the  parts  are 
bound  together  by  locking-bars.     See  Cramp. 

Craxn'poons.  1.  A  clutch  formed  like  a  jiair  of 
calipers,  used  in  raising  objects. 

2.  Iron  spikes  worn  on  the  boots,  to  assist  the 
foothold  in  climbing  the  slopes  of  earthworks. 

Oran'ber-ry-gath'er-er.  An  implement  shaped 
like  a  rake,  and  adapted  to  catch  below  the  berries 
on  the  stalk,  and  collect  them  in  a  bag  or  box  at- 
tached to  the  rake-heail. 

Crane.  1.  A  machine  for  hoisting  and  lowering 
heavy  weights.  It  consists  of  a  vertical  post  or 
frame,  which  is  rotatable  on  its  axis,  and  a  jib  or 
projecting  arm  over  which  the  chain  or  rope  passes 

Fig.  1604. 


out  Dutch  Cnuu. 


on  its  way  from  the  winch  at  the  foot  of  the  post  to 
the  load  to  be  liftetl. 

The  corvus  of  the  Romans,  which  has  been  trans- 
lated craiUj  was  a  boarding  device,  consisting  of  a 
ladder  attached  to  a  vertical  spar  and  so  pivoted  as 
to  bring  the  outer  end  over  the  deck  of  the  ship  to 
be  boarded.  A  grappling-hook  was  suspended  from 
the  end  of  the  staging.  By  this  means  of  ap- 
proach the  Romans,  boarded  the  Carthaginian  ves- 
sels, and  achieved  success  in  several  naval  engage- 
ments. A  corvus  was  also  used  as  a  true  crane  for 
picking  off  soldiers  garrisoning  a  city  wall,  and 
setting  them  down  outside.  It  is  described  by 
Tacitus  :  — 

**The  stones  of  the  pyramids  were  raised  by 
making  mounds  of  earth  ;  cranes  and  other  engines 

Fig  1506. 


Cranes. 

not  being  known  at  that  time. "  —  Diodorus 
SiCULUS  (60  B.  c). 

The  old  Dntch  crane^  which  was  also  in  use  in 
England  till  the  early  part  of  the  present  century, 
was  operated  by  a  tread -wheel,  around  which  the 
rope  was  wound  ;  the  rope  then  passed  over  guide- 
rollers  to  the  jib  of  the  crane,  which  projected  over 
the  hatchway  of  the  ship  and  turned  upon  a  pivot, 
80  that  it  could  move  round  about  three  fourths  of  a 
circle,  and  so  deliver  the  goods  upon  the  quay. 

In  order  to  lower  the  goods  the  men  walKed  back- 
ward ;  but  as  it  sometimes  happened  that  they  were 
overbalanced  by  the  descending  weight,  a  bar  or 
pole  of  wood  was  8us|>ended  from  the  axle,  so  that 
in  such  case  they  might  lay  hold  of  it,  and  save 
themselves  from  being  whirled  roand  in  the  wheel. 

The  great  wheel  and  the  framing  which  supported 
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it  were  contained  in  a  wooden  building,  to  the  comer 
of  which  the  jib  was  attached. 

The  essential  features  of  a  crane  may  be  com- 
bined in  a  machine  of  simple  construction  (Eig.  1505), 
the  centiul  pillar  being  sustained  by  a  frame  of  timber 
o,  by  a  planted  pillar  6,  or  by  guys  c,  as  in  the 
three  examples  ot  cranes  of  sim})le  con.structiou. 
The  operation  is  sufficiently  plain  without  entering 
into  detail. 

The  ordinary  warehouse  or  foundry  crane  (rf,  Fig. 
1505)  is  usually  stepped  in  the  floor,  and  has  its 
upper  bearing  in  a  joist  or  beam.  Its  size,  pro- 
portions, and  to  some  extent  its  construction,  de- 
l)end  upon  its  place  and  application. 

The  application  of  iron  in  the  construction  of  the 
crane  causes  some  change  in  the  ai)pearance  £, 
apparent  lightness  and  compactness  being  gained. 

The  double  crane  (/,  Fig.  1505)  has  two  jibs ;  one 
of  which  is  employed  in  raising  a  load,  while  the 
other  is  depositmg  its  load  in  position.  The  crane 
is  mounted  on  a  caniage  traversing  on  rails  or 
rollers,  and  in  the  illustration  is  shown  as  applied 
to  laying  stones  on  a  breakwater.     Each  jib  nas  a 


concave  side  has  a  cellular  structure  to  resist  com- 
pression. 

Cranes  were  worked  by  hydraulic  pressure  as  early 
as  1846,  at  Newcastle,  England  ;  subset^ueutly  the 
lock-gates  and  cranes  of  the  Albert  Dock,  Liver- 
pool, and  those  of  the  Grimsby  Dock,  were  worked 
by  water,  derived  either  from  the  town-reservoire 
or  from  elevated  reservoirs  into  which  it  was  pumped 
for  that  special  purpose. 

These  sources,  being  tiuctuating  or  expensive,  gave 
rise  to  the  adaptation  of  machinery  for  the  purpose. 

Armsti-ong's  hydraulic  crane,  English,  1854  {h, 
Fig.  1506),  consists  of  one  or  more  hydraulic  presses, 
with  a  set  of  sheaves  used  in  the  inverted  oi-der  of 
blocks  and  pulleys,  for  the  purpose  of  obtaining  an 
extended  motion  of  the  chain  from  a  comparatively 
short  stroke  of  the  piston. 

In  the  illustration,  the  motion  is  multiplied  three- 
fold, each  block  having  two  sheaves. 

Swinging  the  jib  is  effected  by  means  of  a  rack  or 


Fig.  1506. 
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sliding  carriage  over  which  the  chain  passes,  so  that 
the  stones  may  be  deposited  either  near  to  or  farther 
from  the  shaft  of  the  crane.  This  carriage  is  worked 
by  a  sheave  and  rope  which  passes  over  the  point  of 
the  jib  and  down  by  the  side  of  the  spindle.  The 
crane  rotates  horizontally  on  an  axis,  to  bring  the 
jibs  over  the  places  for  receiving  and  depositing  the 
stones  resjiectively. 

Peronnet's  crane,  French,  (a.  Fig.  1506,)  was  used 
by  him  in  constructing  the  bridge  of  Neuilly.  It 
was  constructed  of  wood,  and  worked  by  two  large 
wheels  which  had  hand-pins  whereby  they  were 
turned.  The  spindle  or  vertical  shaft  was  joumaled 
and  stepped  in  a  movable  frame,  and  the  hoisting- 
wheels  formed  a  partial  counterpoise  for  the  load 
suspended  from  the  end  of  the  jib. 

Fairbairn's  tubular  crane  (lower  figure  (7)  is  made 
of  wrought-iron  plates  riveted  together,  and  arranged 
so  as  to  give  the  convex  back  and  upper  sides  a  suf- 
ficient degree  of  strength  to  resist  tension,  while  the 


Oanes. 

chain  operating  on  the  base  of  the  movable  part  of 
the  crane,  and  connected  either  with  the  cylinder 
and  piston,  having  alternate  motion  like  that  of  a 
steam-engine,  or  with  two  presses  applied  to  pix)duce 
the  same  effect  by  alternate  action. 

Armstrong's  accumulator  is  intended  to  store  the 
power  exerted  by  the  engine  in  charging  it,  and 
consists  of  a  reservoir  giving  pressure  by  load  in- 
stead of  by  elevation.  It  is  a  lai^,  cast-iron 
cylinder  fitted  with  a  plunger,  from  which  a  heavy 
load-case  is  suspendeu.  Water  is  injected  by  the 
engine,  raising  the  plunger  and  the  load,  the  effec- 
tive weight  of  which  is  utilized  in  ejecting  the  water 
as  it  may  be  occasionaUy  called  for. 
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The  power  thus  exerted  in  the  ejection  of  water 
from  the  engine  is  usually  e<\\\a\  to  a  column  of 
water  1,500  feet  high.     See  Accumulator. 

A  form  of  crane  (i.  Fig.  1507)  traveling  upon  a 
wide-gage  railixjad,  and  bearing  its  load  suspended 
from  a  £*am  above,  has  l)een  adopted  in  some  yards 
where  heavy  timber,  stone,  or  iron  i-eqnire  to  l)e 
moved,  loaded,  and  unloaded.  The  hoisting-chains 
are  worked  by  winches  on  each  section,  and  pass 
over  a  truck  above,  which  has  traverses  on  the  beam, 
so  as  to  bring  the  hook  over  a  load  nearer  to  or 
farther  from  the  rails.  By  means  of  the  traveling 
motion  of  the  machine  on  the  rails  and  the  travers- 
ing motion  of  the  truck  above,  the  hook  of  the 
chain  may  be  brought  over  any  part  of  the  space 
\iathin  the  rails.  If  both  windlasses  be  tunied  at 
once,  the  load  rises.  If  one  be  unwound  while  the 
other  is  winding,  the  hook  does  not  rise,  but  the 
truck  traverses. 

Fairbairn's  traveling  crane  {j.  Fig.  1507)  is  adapted 
for  a  wrecking-crane   for  railroad  use.      A   crane 

Fig.  1508. 


Foundry  Crane. 

adapted  for  lifting  fifteen  tons  will  have  a  counter- 
weight of  ten  tons  in  the  rear.  In  the  example  from 
which  the  illustration  is  derived,  the  jib  swept  over 
a  circle  of  25  feet  diameter,  and  was  capable  ot  lift- 
ing the  load  18  feet  above  the  rails  on  the  beam 
above,  towards  the  winding  side.  By  turning  or 
untuming  the  respective  windlasses  at  the  necessary 
8|)eeds  relatively,  a  compound  motion  may  be  at- 
tained, towards  or  from  either  rail  upward  or  down- 
ward. 

One  form  of  fraventing-erane  consists  of  a  crab 
upon  a  carriage  traveling  upon  rails  on  the  beams 
overhead  in  a  foundry.  By  the  rotation  of  the  roller 
of  the  crab,  the  chain  or  rope  is  wound  on  and  the 
load  lifted,  and  by  the  motion  of  the  carriage  is 
transported  to  any  place  within  the  range  of  the 
rails.     It  is  known  as  an  overhead  crane. 

The   foundry-crane  has  a  traversing  carriage  on 


the  jib,  which  permits  the  point  of  suspension  to 
be  moved  out  or  in  from  the  central  post ;  the 
range  being  from  the  outer  end  to  the  mid-length  of 
the  jib.  The  traversing-carriage  is  moved  by  an 
endless  chain  descending  to  the  floor  of  the  foundry. 

In  Morrison's  steam-crane,  the  crane-post  forms 
the  8t€am-cy Under,  and  is  fitted  with  a  piston 
having  a  flexible  piston -iwl  of  wire  rope,  which 
works  steam-tight  through  a  stuffing-box  at  the 
top,  and  passes  over  two  pulleys,  itself  forming  the 
chain  for  lifting  the  load. 

The  downward  stroke  only  of  the  piston  is  util- 
ized in  lifting,  and  the  steam  induction  and  eduction 
are  governed  by  slide-valves  operated  by  hand-levers. 

In  Evans's  steam-crane,  a  vertical  boiler  forms 
the  crane-post  and  revolves  with  it.  The  cast-iron 
top  of  the  boiler  has  lugs  for  the  attachment  of  the 
tension-ro<ls.  An  oscillating  cylinder  is  attached 
and  fuiiiishes  the  power. 

The  projecting  ann  or  Ix'am  of  a  crane  is  the  jib. 

The  post  and  jib  collectively  are  sometimes  known 
as  the  gibbet. 

The  diagonal  is  the  stay. 

2.  {Nautical.)  a.  A  forked  post  to  support  a 
boom  or  spare  spar  on  deck. 

-  b.  A  projecting  bracket  to  support  spars,  etc. 

3.  An  overhanging  tul>e  for  supplying  a  tender 
with  water.     A  water-crane. 

4.  A  contrivance  to  hold  a  stone,  and  present  it 
to  the  slicer  of  the  lapidary. 

It  consists  of  a  clamp  which  moves  horizontally, 
having  its  bearings  en  a  vertical  post  rising  from 
the  Wnch  of  the  lapidary.  A  weighted  string  is 
attached  to  the  lever-arm,  and  keeps  the  stone  con- 
stantly pressed  up  against  the  slicer.     See  Slicer. 

Crane,  Der'rick.  A  form  of  crane  having  spars 
forjib  and  post.     See  Derrick. 

Crane's-bill.  {Surgical.)  A  pair  of  long-nosed 
pinchera. 

Cra'ni-om'e-ter.  An  instrument  for  measuring 
sizes  of  skulls. 

Dr.  Morton  gives  the  follomng  as  the  average  re- 
sult of  numerous  measurements  of  skulls  :  — 


European 

.     87  cubic  inches. 

Malay 

85     " 

Negro    . 

.     83     ** 

Mongol 

82     - 

Ancient  Egj'ptian  . 

.     80     " 

American  . 

79    '• 

Ancient  Peruvian  . 

75  to  79     ** 

Profes.sor  Huxley  says  that  the  most  capacious 
European  skull  has  a  capacity  of  114  cubic  inches  ; 
the  smallest,  55  inches.  Schaafiliausen  finds  Hin- 
doo skulls  of  46  cubic  inches. 

Cra'ni-o-tome'.  A  cutting  instrument  for 
opening  the  fetal  head,  to  assist  delivery. 

Crank.  An  ann  (called  the  loeb)  at  right  angles 
to  an  axis  by  which  motion  is  impartwl  thereto  or 
received  therefrom.  The  crank  on  the  axis  of  a 
giindstone  or  a  fanning-mill  is  a  familiar  instance. 

The  crank  is  also  a  valued  device  in  converting  a 
rotary  into  a  reciprocating  motion,  or  conversely. 
An  example  of  the  former  is  found  in  the  saw-mill ; 
of  the  latter,  in  the  steam-engine.  Watt  is  the  in- 
ventor of  the  latter  application  of  it. 

3  (Fig.  1509)  shows  the  sivgle-cr&nk  ;  4,  the 
doublc-cmiik  ;  5,  the  6cZ/-crank. 

1  (Fig.  1509),  a,  wrist  or  pin  ;  b,  shaft ;  e,  web ; 
rf,  boss. 

James  "Watt—  no  mean  judge  —  remarks  that  "the 
true  inventor  of  the  crank  rotative  motion  was  the 
man,  whose  name,  unfortunately,  has  not  been  pre- 
served, who  first  contrived  the  common  foot-lathe. 
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Flg.lfi09.  The  applying  to 

the  steam-engine 
was  merely  taking 
a  knife  to  cut 
chees(^  which  h  d 
been  made  to  cut 
bread."  It  was  a 
meritorious  appli- 
cation, however, 
devised  by  Watt, 
to  turn  the  recip- 
it>cating  action  of 
the  piston  into 
a  rotary  motion, 
and  was  stolen 
from  him  by  a 
man  who  spied 
out  the  design 
from  a  sketch  and 
conversation  of 
Watt's  workmen. 
Watt  invented 
S)the  Sun  and 
Planet  Motion 
Cranks.  as    a    substitute 

(which  see).  See 
also  Planet-whbel  and  Epicycloidal  Wheel. 
If  the  foot-lathe  were  the  earliest  form  of  lathe, 
which  is  not  certain,  and  James  Watt's  idea  were 
correct,  which  is  quite  probable,  we  may  agree 
with  one  authority  that  the  crank  is  as  old  as  Ta- 
lus, the  jsp^ndson  of  Dedal  us,  about  1240  b.  c.  ; 
or,  accordmg  to .  Pliny,  Theodorus  of  Samos,  about 
600  B.  c.  It  must  be  recollected,  however,  that 
among  the  oldest  Egyptian  paintings  is  the  repre- 
sentation of  Thoth  forming  man  upon  the  potter's 
wheel. 

The  crank  was  first  used  with  the  steam-engine 
on  board  the  paddle-wheel  steamboat  of  Jouatlian 
Hull  (English  patent,  December  21,  1736,  No.  556). 
It  did  not  revolve,  but  reciprocated,  and  foiined  an 
intermediate  between  the  rope,  which  was  pulled  by 
the  descent  of  the  piston,  when  a  vacuum  was  created 
in  the  Newcomen  atmospheric  engine  and  the  leg 
of  the  propeller,  which  seems  to  hiave  acted  some- 
what like  the  leg  of  a  grasshopper. 

A  four-throw  crank  was  employed  on  each  end  of 
the  axis  of  the  wallower  or  lantern-wheel,  which 
was  driven  by  the  water-wheel  under  the  north 
arch  of  London  Bridge,  as  described  by  Beighton, 
1731.  This  machine  supplied  a  part  of  London 
with  water.  The  water-wheel  was  first  placed  there 
by  Morice  in  1582,  but  it  is  not  stated  by  what 
device  the  rotary  motion  of  the  wheel  was  converted 
into  the  reciprocating  motions  of  the  pistons  in  the 
six  pumps  wliich  were  operated  by  it. 

2  (Fi^.  1509)  shows  a  combination  of  crank  and 
eccentric.  The  boss  a,  on  which  turns  the  .spur- 
wheel  6,  is  fixed.  The  crank  e  turns  with  the 
spindle  d,  which  is  fitted  eccentrically  in  the  boss  a. 
The  pin  e  with  the  block  /  are  fixed  to  the  spur- 
wheel,  which  is  set  in  motion  by  the  pinion  g.  In 
revolving  round,  this  wheel  carries  with  it  the 
crank;  but,  owing  to  the  eccentricity  of  the  two 
centers,  the  block  /  slides  down  the  slot  in  the 
crank,  and  in  so  doing  approaches  nearer  to  the 
center  on  which  the  latter  revolves.  This  has  the 
effect  that,  as  the  angular  velocity  of  the  spur-wheel 
is  constant,  it  will  cause  dififerent  points  in  the 
radius  of  the  crank  consecutively  to  revolve  with 
the  same  linear  velocity ;  or,  in  other  words,  will 
cause  the  au^lar  velocity  of  the  crank  gradually  to 
increase  during  one  half  of  the  i-evolution,  and 
gradually  to  decrease  during  the  other  half.    The 


Fig.  1610. 
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stroke  of  the  crank  may  also  be  varied  by  shifting 
the  crank-pin  in  the  slot  h, 

A  two- throw  or  three-throw  crank-shaft  is  one  hav- 
ing so  many  cranks  set  at  different  angles  on 'the 
shaft. 

Clrank-azle.  1.  An  axle  bent  down  between 
the  wheels,  in  order  to  lower  the  bed  of  the  wagon 
and  make  loading  more  easy. 

It  has  been  introduced  in  England  for  country 
and  city  wagons,  and  also  in  the  United  States. 
It  is  credited  to  Baddeley,  an  early  contributor  to 
the  London  ''Mechanic's  Magazine." 

2.  {Steam-engine. )  The  driving-axle  to  which  are. 
connected  the  piston-i-ods  of  a  locomotive  engine. 
Tills  is  the  usual  English  form  :  in  America  we  con- 
nect to  wrists  on  the  drive-wheels. 

Crank-brace.  The  usual  form  of  brace,  which 
has  a  bent  shank  by  which  it  is  rotated. 

Oranked  TooL  {Inyn-tuming,)  A  tool  which 
is  made  to  embrace  the  rest  a,  by 
which  it  is  prevented  from  slip- 
ping away  from  the  work.  A  pm 
is  inserted  in  one  of  the  holes  in 
the  rest,  to  prevent  the  escape  of 
the  tool  sideways.  The  direct 
penetration  is  obtained  by  de- 
pressing the  handle  ;  the  lateral 
motion  by  rotating  the  tool  by  its 
transverse  handle,  which  may  be  a  hand-vise  tern- 
pomrily  screwed  upon  the  shaft,  or  a  shoulder-rest 
handle^  ns  in  the  illustration  of  ficcl-tool. 

Crank-hook.  The  bar  connecting  the  treadle 
and  crank  in  the  common  foot-lathe. 

Crank-pin.  A  pin  connecting  the  ends  of  a 
double  cmnk  or  projectin^j;  from  the  end  of  a  single 
crank.  In  either  case  it  is  for  the  attachment  of  a 
pitman  or  connecting-rod.     (See  a,  1,  Fig.  1509.) 

Crank-pnll'er.  A  machine  for  pulling  the  crank 
off  an  axle  or 
shaft.  a_       Fig.  1611. 

Fig.     1511  PI 

shows  a  hy- 
draulic crank - 
puller  which  is 
portable,  and 
therefore  appli- 
cable to  work 
in  situ.  It  is 
shown  as  con- 
structed with  a 
4-inch  ram,  antl 
capable  of  ex- 
erting a  foreo 
of  forty  tons. 
Crank-shaft. 
A  shaft  driven 
by  a  crank,  such  as  that  of  the  ^ndstone. 

Qrank-'wheeL  A  wheel  having  a  wrist  to  which 
a  pitman  or  connecting-rod  is  attached,  and  acting  as 
a  crank,  while  the  peripheral  portion  may  act  as  a  fly- 
wheel, or  may  constitute  a  pulley  or  a  traction -wheel. 

Cran'ny.  {Olass-manufacture.)  A  tool  for  form- 
ing the  necks  of  glass  bottles. 

Crape.  (Fabric. )  A  gauzy  fabric  made  of  raw 
silk,  and  woven  without  crossing. 

Un colored,  or  gayly  dyed,  it  is  a  rich  shawl-stuff. 

Colored  black  and  crimped,  it  is  a  mourning- 
goods.  Smooth  crape  is  used  in  ecclesiastical  habits 
of  a  certain  order,  not  quite  so  elevated  as  the  cam- 
bric lawn  of  a  bishop. 

**  A  saint  in  crape  is  twice  a  saint  in  lawn." 

The  latter,  is  the  superlative  degree  df  ecclesiasti- 
cal habiliments  in  reformed  churches. 

Crisped  crape  denotes  a  poignant  grief;  the  change 
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to  a  smoother  class  of  goods  indicates  that  the  mer- 1 
ciful  hand  of  Time  has  burnished  out  the  wrinkles  j 


rig.  1512. 


and  lines  of  care. 

Silk  intended  for  crisp  crape  is  more  twisted  than 
that  for  the  smooth.  The  twist  of  the  thread,  espe- 
cially that  of  the  warp,  is  what  gives  the  wrinkled 
appearance  to  the  goods  when  taken  out  of  the  loom. 

AUrophanes  and  gauze  are  goods  of  a  similar  de- 
scription, either  white  or  colored. 

Crape  is  said  to  have  been  made  by  S**  Badour, 
Queen  of  France,  a.  d.  680.  It  was  first  made  at 
Boulogne. 

Crape-mo-rette'.  {Fabric.)  A  gauzy  woolen 
fabric  of  fine  texture,  the  warp  being  light  and  open, 
and  the  weft  relatively  heavy  and  fleecy.  White  or 
colored. 

Qrap'ing-ma-chiiie'.  A  machine  by  which  silk 
is  craped,  i.  e.  crinkled. 

Qrap-leath'er.  Leather  made  from  thin  cow- 
hides.    Used  for  pumps  and  light  shoes. 

Crare.    A  kind  of  coasting- vessel,  now  disused. 

Crash.  (Fabric.)  A  heavy,  coarse,  plain,  or 
twilled  linen  toweling  or  packing-cloth. 

Crate.  A  large  wicker  hamper  with  wooden  sup- 
ports, in  which  crockery-ware  is  packed  for  trans- 
portation. 

Crates  among  the  Romans  corresponded  to  the 
English  hurdles.  They  were  of  wicker-work,  and 
were  used  for  screens,  for  leveling  ground  after 
rough-raking  {rostrum) ;  also  as  flakes  for  drying 
fruit.  The  latter  were  sometimes  made  of  sedge  or 
straw. 

Larae  crates  were  used  in  bridging  fosses,  protect- 
ing military  engines,  etc. 

Cta'wL  A  pen  of  stakes  and  hurdles  on  the  sca- 
sid(%  for  fish. 

Cray.    A  small  sea-vessel. 

Cray'ozL  1.  A  colored  pencil  consisting  of  a 
cylinder  of  fine  pipe-clay  colored  with  a  pigment. 

Black  crayoTis  are  colored  with  plumbago,  or  made 
of  Italian  black  chalk. 

A  white  crayon  is  a  cylinder  of  chalk,  common  in 
England  and  France.     Red  chalk  is  found  in  France. 

The  holder  is  a  porte-crayon. 

Crayons  are  said  to  have  been  made  in  France  in 
1422,  and  imported  thence,  into  England  in  1748. 
It  is  hard  to  say  how  long  ago  charcoal,  chalk,  and 
ochreous  earths  were  xxsen. 

Hans  Holbein  drew  portraits  in  crayon  in  1540. 
Sir  Thomas  Lawrence  excelled  in  this  style  of  por- 
trait-painting, 1800-1830. 

2.  (Lithography.)  A  composition  formed  as  a 
pencil,  and  used  for  drawing  upon  lithographic 
stones.  It  is  of  a  soapy  nature,  consisting  of  soap, 
wax,  resins,  and  lamp-black,  melted,  and  sometimes 
burned,  together. 

Crase-milL    A  grinding-mill  for  tin  ore. 

Craz'ing;.  The  cracking  of  the  glaze  upon  articles 
of  pottery  or  porcelain. 

Cream-freez'er.  A  domestic  machine  in  which 
cream  is  stirred  in  a  vessel  plunged  in  a  freezing 
mixture,  usually  of  pounded  ice  and  salt. 

Cream-slioe.  A  wooden  knife  for  dividing  and 
serving  frozen  cream. 

Qreas'er.  1.  Atoolusedformakingsingleordonble 
lines  on  leather,  to  form  guides  or  creases  to  sew  by. 

a,  the  adjustable  double  creaser,  has  two  spring 
jaws,  which  are  set  open  by  means  of  a  screw,  so  as 
to  make  the  guide-lines  at  any  required  distance 
apart. 

6  is  a  double  creaser  without  a^ustability. 

c  is  a  single  creaser. 

They  are  also  useil  for  lining  leather,  to  give  it  a 
finished  appearance. 
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2.  (2  is  used  by  sheet-iron  workers  for  rounding 
small  beads  and  tubes.  Its  shank  has  a  tang  by 
which  it  is  secured  in  a  square  socket  of  the  work- 
bench. 

Top  and  bottom  creasing  tools  e,  of  any  suitable 
size  and  pattern,  may  be  set  in  the  jaws  of  a  creasing- 
swage,  the  lower  end  of  whose  frame  has  a  tang  to 
set  in  the  work-bench,  while  the  upper  hinged 
portion  carries  the  top  tool  and  is  strucK  by  a  ham- 
mer. 

The  lower  figure  is  a  tool  similar  to  the  chisel,  but 
having  a  blunt,  rounded  edge,  employed  by  black- 
smiths for  making  grooves  in  hot  iron. 

3.  (Bookbinding.)  A  tool  for  making  the  band- 
impression  distinct  on  the  back. 

4.  (Sevi^ig-nuichine.)  An  attachment  which  makes 
a  mark  in  a  line  parallel  with  the  work  in  hand,  to 
indicate  the  place  for  the  next  seam  or  tuck. 

Creaa'ing.  A  layer  of  tiles  forming  a  corona  for 
a  wall. 

Creaa'ing  Ham'mer.  A  narrow,  rounded-edge 
hammer,  used  for  makinggrooves  in  sheet-metal. 

Oreaze.  (Mining.)  The  tin  in  the  middle  part 
of  the  buddle. 

Creel.  1.  (Spinning.)  The  bar  which  holds  the 
paying-off  bobbins  in  the  bobbin-and-fly^ 
the  throstle  machine,  or  the  mule.  In 
the  first  machine  the  bobbins  hold  the 
sliver,  which  is  to  be  spun  and  tAvisted 
into  a  roving;  in  the  latter  machines, 
by  a  substantially  similar  operation,  the 
roving  is  converted  into  yam.  The 
creel  may  have  several  bars  with  rows  of 
skewers,  upon  which  the  bobbins  are 
placed  to  unwind  their  contents. 

2.  A  fish  or  root  basket 

Creep.  (Mining-engineering.)  The  - 
curving  upward  of  the  floor  of  a  gallery, 
owing  to  the  pressure  of  superincum- 
bent  strata  upon  the  pillars.  Opposed 
to  thrust,  which  is  a  depression  of  the 
roof. 

Oreep'er.   1.  A  four-clawed  grapnel 
or  drag,  used  in  dragging  .the  bottom  of 
a  harbor,  pond,  or  well,  to  recover  any- 
thing which  has  been  lost  overboard,  or  OeW  qfMute. 
the  body  of  a  drowned  person. 

2.  a.  An  iron  bar  connecting  the  andirons. 

b.  Small  dogs,  with  low  necks  or  none  at  all,  used 
between  the  usual  andirons  to  support  brands  above 
the  hearth. 

3.  An  endless,  moving  feeding-apron,  or  a  pair 
of  aprons  arranged  one  above  the  other,  having 
motion  to  feed  fibers  to  or  from  a  machine  ;  e.  g, 
the  creeper  which  feeds  the  sliver  or  sheet  of  fibers 
from  the  doffer  of  a  carding-machine.     See  Lap. 
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4.  A  small  sole  or  piece  carrying  spurs,  which  may 
be  attached  to  the  boot,  to  prevent  slipping  on  ice. 

Oreep'ing.  (Naviical.)  Dragging  by  grapnels 
for  the  recovery  of  a  lost  cable  or  rope. 

The  most  remarkable  instance  on  record  is  the 
recovery  of  the  Atlantic  cable,  broken  in  mid-ocean. 

Creep'ingHiheet.  The  feeding-apron  of  a  card- 
ing-machine. 

Cre-mail-lere'.  (Fortificaiion.)  An  indented 
horizontal  outline. 

Cre-mo'na.  A  violin  of  fine  quality,  named 
fix)m  Cremona^  Italy. 

Not  to  be  confounded  with  the  crwnoma  stop 
of  an  organ  ;  named  from  the  resemblance  of  its 
timbre  to  the  German  krumTH-hom,  a  crooked  horn. 

Cren'e-lafed  Mold'ing.  A  kind  of  molding 
in  which  the  beads  have  I'ectangular  dentations. 

Cre-iielle\  (FortiJicatUm,)  A  loop-hole  in  a 
parapet  wall  or  stockade  through  which  to  discharge 
musketry. 

Ore^o-Bote-ap-pli'anca  A  dentist's  instru- 
ment intended  to  prevent  fluid  caustics,  su^*-  -'" 
creosote  or  solution  of  nitrate  of  silver,  from 
ning  down  and  cauterizing  the  lips  when  bein 
plied  to  the  gums.  A  spiral  platinum-wire  c 
the  sponge,  and  a  glass  tul)e  attached  to  the  h 
and  surrounding  the  wire  catches  any  of  the  ci 
which  may  run  down  the  wire. 

Cre^o-sot'ing.  A  mode  of  preventing  dec 
timber  by  saturating  with  ci*eosote.  This  is 
said  to  coa^^late  the  albumen,  absorb  the 
oxygen,  resmify  in  the  pores  of  the  wood  and 
exclude  air,  and  act  as  a  poison  to  prevent 
fungi,  acari,  and  other  2)ara8ites. 

yre'pon.    {Fiibric. )    A  thin  stuff  resem- 
bling crape,  made  of  wool,  silk,  or  mixed. 

Cre-quillas.     (Fabric.)     A  light,  low- 
priced  cotton  fabric. 

Cres'cent.  A  musical  instrument,  consisting  of 
a  staff  with  arms  and  susiiended  bells,  used  in  a  band. 

Qres'set.  1.  A  basket  of  open  iron- work  in 
which  wood  or  coal  is  burned  as  a  beacon.     It  was 

Fig.  16U. 
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Cresset. 


beacon-fire  is  kept  burning  is  shown  in  the  illustra- 
tion B.  The  pivots  of  the  cresset  c  are  above  its 
center  of  gi-avity,  so  that  it  swings  level,  whatever 
may  be  the  position  of  the  mast.  The  mast  itself  is 
so  pivoted  as  to  swing  120"  in  a  vertical  pUne,  being 
operated  by  a  winch  and  ropes.  It  is  brought  down 
within  convenient  distance,  that  the  fire  may  be  re- 
plenished, and  is  again  elevated  for  service. 

2.  ( Coopering.)  An  iron  basket  or  cage  A  to  hold 
fire,  char  the  inside  of  a  cask,  and  make  the  staves 
flexible. 

Orest.  1.  The  ridge  of  a  roof ;  hence  cr«s<-tiles, 
which  lie  on  the  comb  of  the  roof  and  shed  water 
both  ways. 

2.  The  top  of  a  parapet,  embankment,  slope,  or 
wall.     (See  Fig.  2.) 

Orest-tile.  A  saddle -tile,  one  having  a  double 
slope,  on  the  ridge  of  a  roof. 

Cre-vasse'-stop'per.  A  kind  of  floating-dock 
which  is  brought  broadside  against  the  bank   and 

Fig  1616. 


formerly  used  where   lighthouses  are  now  erected, 
and  its  modern  use  is  principally  at  wharves  and 
boat-landings. 
A  hoisting  arrangement  for  a  cresset  in  which  a 


sunk  in  place,  to  act  as  a  dam.  When  it  is  fairly 
anchored,  the  sheet-piling  is  driven  down  into  the 
bed  both  on  the  chord  and  arc  side  of  the  stnic- 
ture. 

Crev'et    A  crucible  or  melting-pot. 

Crib.    1.  A  child's  cot. 

2.  The  rack  or  manger  of  a  stable. 

8.  A  granary  with  slatted  sides  for  ear  com. 

4.  A  reel  for  winding  yam  (Scotland). 

5.  A  small  raft  of  timber  (Canada). 

6.  A  structure  of  lo^  to  be  anchored  with  stones. 
Cribs  are  used  for  bndge-piers,  ice-breakers,  dams, 
etc.     See  Dam. 

Crliybing.  Intemal  lining  of  a  shaft  with  frame- 
timbers  and  plank-backing,  to  prevent  caving,  stop 
percolation  of  water,  etc.  The  different  styles  are 
known  as  spiking-criba^  wedging-cribs. 

Crib'ble.     {Minhig.)    A  sieve. 

Crib-strap.  {Aferutge.)  A  neck -throt tier  for 
crib-biting  and  wind-sucking  horbes. 

Crio.  The  inflecting  ring  which  turns  inward 
and  condenses  the  flame  of  a  lamp. 

Crick.    A  small  jack-screw. 

Criok'et  1.  An  ancient  English  national  game, 
said  to  be  identical  with  the  **  club-ball "  played  in 
the  fourteenth  century. 

2.  A  low  stool,  or  a  low  table  or  portable  shelf  for 
kitchen  uses. 

Crimp'er.  1.  (Shoemaking.)  A  curved  board  over 
which  the  upper  of  a  boot  or  shoe  is  stretched,  to 
give  it  the  required  shape. 

In  the  common  form  the  wetted  leather  is 
stretched  by  the  pincers  and  by  mbbing,  and  tacked 
on  the  edges  to  hold  it  till  dry.  Many  patented 
boot-crimps  have  been  introduced  to  expedite  the 
process,  as  in  ihe  apparatus  (Fig.  1616)  which   is 
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F)g.  1616. 


Hair-Crtrnper. 


Boot-  Crimp 

applied  to  the  bench  by  a  swivel-device,  which  \tGT- 
uiits  the  whole  to  be  turned  to  the  rieht  or  left  as 
the  work  proceeds.  The  curved  bar  wnich  supports 
the  fonn  upon  which  the  leather  is  crimped  has  its 

gi-oove       lined 
F!g.  K)17.  with      rubber, 

which  prevents 
the  wrinkling  of 
the  leather 
while  under- 
going the 
stretching  pro- 
cess. A  spiral 
spring  is  eui- 
]>loy^  to  hold 
together  the 
two  parts  of  a 
clutch,  and 
thus  retain  the 
work  rigidly  in  any  position,  but  adapts  the  clutch 
to  be  disengaged  to  allow  the  shaft  to  be  turned  to 

bring  the  work  in 
Fig.  1618.  convenient    posi- 

tions for  the  oper- 
ator.    The    yoke 
which  clamps  the 
form  to  its  sup- 
3  port  can   be  ad- 
iL  justed     at    will, 
J  without  interfer- 
^  ing  with  its  hold 
^  upon  the  form. 
1      2.  {ToiUU)     A 
fork,    a   pair    of 
needles,      or     a 
pinching    device 
m  which  hair  is 
braided  to  acquire 
a    wavy   appear- 
ance. 

Thehair-crimp- 
<'r  (Fig.  1517)  has  a  catch-bar  pivoted  to  the  bow  of 
the  hair-pin.  The  hair,  being  wound  upon  the  two 
legs  of  the  hair-pin,  is  pressed  by  the  W,  and  the 
latter  clasped  to  the  legs  of  th<'  pin. 

3.  A  machine  for  crimping  or  ruffling  te?ctile 
fabrics  has  usually  a  pair  of  fluted  rollers  between 
which  the  article  is  [mssed,  as  in  the  illustration,  in 
which  are  two  fluteid  cylinders,  the  lower  in  fixed 
liearings,  the  upper  vertically  adjustable;  one  or 
Iwth  Ming  hollow  for  the  reception  of  a  heated  iron. 

4.  ( Wire-working. )  A  machine  in  which  wire  is 
given  a  sinuous  form,  to  adapt  it  the  more  readily  to 


Goth-  Crimper. 


Fig  161d. 


take  its  posi- 
tion in  woven 
wire-work. 

A  machine 
in  which  wire 
cloth  is  crimped 
by  pressure  be- 
tween dies,  each 
of  which  has 
projecting  teeth 
which  come  op- 
posite the  interdental  spaces  of  the  other  die. 

5.  {Saddlery. )  A  press  or  break  in  which  leather 
is  molded  into  fonn  between  dies,  as  in  the  illustra^ 
tion,  in  which  leather  for  a  saddle- pad  is  placed  on 
the  bulbous  portion  B,  and  the  hinged  portion  is 
brought  down  over  it  and  locked  in  position  till  the 

Fig.  1Q20. 


Wire-Cloth  Crimper. 


Pad- Crimp 

leather  is  sufficiently  dried  to  retain  permanently  its 
new  8ha])e. 

Crlmp'ing-ma-chine'.    See  Cr  i m  per. 

Crixnp'ing-i'ron.  An  instmment  for  jdnchiug; 
puckering,  or  fluting  cap-fronts,  frilKs,  skirts,  etc. 
See  Crimi'EIU 

Crin'gle.  {Nautical.)  A  rope  made  into  a 
grommet  and  containing  a  thimble,  and  worked  into 
the  bolt-rope  of  a  sail  for  the  attachment  of  a  bridle 
or  other  rope.  The  head-cringle  is  lashed  by  the 
head-earing  to  the  strops  on  the  yard-arm.  The 
cYingles  on  the  leech  are  for  the  attachment  of  the 
reef-tncJcle. 

Crin'o-line.  (Fabric.)  Originally,  a  horse-hair 
and  cotton  fabric  for  setting  out  a  lady's  skirts. 
The  term  is  now  commonly  applied  to  the  hoop-skirt, 
whit!h  has  its  p<;riods  of  revival.  Hoops  were  worn 
in  1740  three  feet  across  the  hips. 

Crip'pler.  A  board  with  a  corrugated  under-sur- 
face  and  a  strap  above  to  hold  it  to  the  hand,  used 
in  hoarding  or  graining  leather,  to  give  it  a  granular 
ax>p<'arance  and  render  it  supple.  The  leather  is 
folded  with  the  grain  side  in  contact,  and  rubbed  on 
the  flesh  side  with  the  pommel,  which  is  another 
name  for  the  crijtpler. 

Crip'ple-tiin'ber.  Studding  or  scantling  used 
in  narrowing  situations,  where  they  are  necessarily 
shorter  than  their  fellows,  as  the  cripple-sl adding 
from  the  rafters  to  the  floor-joists  in  attics  finished 
with  a  collar-bextm  ceiling,     k  jack-timber. 

Grisp'er.  An  instrument  for  crisping  the  nap  of 
cloth  ;  t.  e.  covering  the  surface  with  little  curls, 
such  as  with  peterStam  or  chinchilla.  A  crispivg- 
iron, 

Gris'tale.    {Fabric.)    A  white  worsted  fabric. 

Oro-ohet'-lace.    Hand-knitted  lace. 

Qro-chet'~nee'dle.  A  needle  with  a  hooked 
end,  used  for  catching  the  thread  and  drawing  it 
through  the  loop  in  crochet-work. 

Qro-chet'-type.  Type  with  fancy  faces,  to  set 
up  in  imitation  of  lace,  crochet,  or  worsted  work. 

Qrook'er-y-wara  See  Pottery  ;  Eakthkn- 
WARK  ;  Porcelain,  etc. 

Crook'et.  (Archilectitre.)  An  upwardly  project- 
ing carved  ornament  on  a  Gothic  gable  or  flying-but- 
tress. 

Oro'ous.     A  polishing  powder  composed  of  yer- 
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oxide  of  iron.  It  is  prepared  from  crys- 
tals of  sulphate  of  iron,  calcined  in  cruci- 
bles. The  portion  at  the  bottom,  which  has 
been  exposed  to  the  greatest  heat,  is  the  hard- 
est, is  purplish  in  color,  and  is  called  crocus. 
It  is  osed  for  polishing  brass  or  steel.  The 
api)er  portion  is  of  a  scarlet  color,  and  is 
iM&di  rouge.  It  is  used  for  polishing  gold, 
silver,  and  speculum  metal.  Honge^  the 
cosmetic,  is  made  from  safflower,  or  from 
carmine,  which  is  a  preparation  of  cochineal. 

Croft'ing.  Exposing  linen  on  the  grass 
to  the  influence  of  air  and  sunshine,  after 
being  bucked  or  soaked  in  an  alkaline  lye. 
,  Cro-mor'na.  (Music. )  The  cromorna  or  krumm- 
horn  is  a  reed-pipe  stop  of  an  organ,  tunod  in  uni- 
son with  open-diapason^  and  depending  for  the  pecu- 
liar timbre  or  quality  of  its  tone  uiton  the  shape  and 
proportions  of  the  tube  through  wliich  the  sound  of 
the  tongue  lb  emitted.     See  Stop. 

Croom.    A  husbandman's  fork  with  long  tines. 

Cropi  {Mining.)  1.  Tin  ore  of  the  first  quality, 
after  it  is  dressed  or  cleaned  for  smelting. 

2.  The  appearance  of  a  vein  or  seam,  as  of  ore  or 
coal,  at  the  surface.     The  strike. 

Cropped.  {Bookbind- 
ing.) A  book  cut  so  se- 
verely as  to  reduce  the 
mar^n  too  much.  When 
cut  into  the  print,  the  book 
is  said  to  bleed. 

OroBB.  1.  {Telegraphy.) 
Accidental  metallic  connec- 
tion between  two  wires  on 
a  line.  —  PovK. 

2.  (Surveying.)  An  instrument  for  laying  off  lines 
perpendicular  to  the  main  course. 

CroMi-^axle.  1.  A  shaft,  windlass,  or  roller 
worked  by  opposite  levers ;  as  the  copper-plate 
printing-press,  etc. 

2.  (Jiailroad  Efigineering.)  A  driving-axle  with 
cranks  set  at  an  angle  of  90"  with  each  other. 

Qross-bar  Shot.  Shot  which  folds  into  a  sphere 
for  loading,  but  on  parting  from  the  muzzle  expands 
to  a  cross  with  sections  of  the  shot  at  the  exti-emities 
of  the  arms. 

Croao-beam.  A  beam  in  a  frame  laid  cross- 
wa}'S.  In  a  ship,  a  piece  laid  across  heavy  posts 
called  bills,  and  to  which  the  cable  is  fastened  when 
riding  at  anchor. 

Cross-bear'er.  The  transverse  bars  supporting 
thegrate-bars  of  a  furnace. 

C&oas-bond.  A  form  of  bricklaying  in  which 
the  joints  of  one  stretcher-course  come  in  the  middle 
of  the  courses  above  and  below. 

Qross-bO'w.  A  wea^n  formed  of  a  bow  cross- 
wise upon  a  stock.  It  is  similar  in  kind  to,  but 
smaller  than,  the  ballista,  which  it  doubtless  sug- 
gested. It  was  used  by  the  Normans  at  the  battle 
of  Hastings.     The  arbalest  was  a  form  of  it. 

Cross-chap  Vise.  A  vise  in  which  the  jaws 
close  towards  each  other  in  a  line  contrary  to  their 
usual  direction. 

Cross-chock.  (Shipbuilding.)  A  piece  fayed 
across  the  dead-wood  amidships,  to  make  good  the 
deficiencies  of  the  lower  futtocks. 

Cross-course.  (Mining.)  A  non- metalliferous 
seam  crossing  at  right  angles  thereto. 

Oros»-cut.  (Mining.)  A  drift  from  a  shaft,  to 
intersect  a  vein  of  ore. 

Cross-cut  Chis'eL  A  chisel  with  a  narrow  ed^ 
and  considerable  depth,  used  in  cutting  a  groove  m 
iron,  especially  in  cast-iron,  where  a  portion  is  to 
be  cut  or  broken  off. 


Fig.  IfiSl. 


Cross- Cut  Saw. 

Cross-cut*  Sa'w.  A  saw  adapted  for  cutting  tim- 
ber across  the  grain. 

Hand-saws  are  made  and  set  for  the  pur|)ose.  The 
ordinary  saw  for  cutting  timber  into  lengths  has  a 
handle  at  each  end  and  cuts  each  way. 

Fig.  1£22. 


Drag' Saw. 


The  drag-saw  is  for  cross-cutting,  but  only  cuts 
on  the  pull  motion,  being  stocked  at  one  end. 

Crossed  Belt.  (Machinery.)  A  belt  crossed 
between  pulleys  so  as  to  revolve  them  in  opposite 
directions.  (See  Belting.)  To  prevent  the ru thing 
of  the  belts,  rollers  may  be  inteqiosed. 

Crossed  Lens.  (Optics.)  A  form  of  single  con- 
vex lens  having  the  least  spherical  aberration.  The 
refractive  index  of  the  glass  should  be  1.5,  and  the 
radius  of  the  posterior  surface  six  times  that  of  the 
anterior  surface,  both  surfaces  being  convex. 

Crossed  Out.  When  the  web  of  a  wheel  is 
sawed  and  filed  away  so  as  to  leave  a  cross  of  four 
spokes  or  arms,  it  is  said  to  be  crossed  out.  This  is 
common  in  watch  and  clock  wheels. 

Cros-sette'.    (Building.)    A  projecting  piece  on 
a  voussoir,  as  a  6  6,  which  gives  it  a 
liearing  upon  the  next  voussoir  on        FJg- 1628. 
the  side  towards  the  springing.  J»  r — p  ^ 

Qross-file.    A  file  used  in  dress-  \JX11JLLJ 
ing  out  the  arms  or  crosses  of  fine        Crossettt. 
wheels.     It  has  two  convex  faces  of 
different  curvatures.     It  is  also  known  as  a  double 
half-round  tile. 

Cross-frog.  An  arrangement  of  crossing  rails 
at  a  rectangular  intersection  of  roads.  Biach  track  is 
notched  for  the  passage  of  the  flanges  of  the  wheels 
traversing  the  other  track.     A  crossing. 

Cross-gir'net  A  cross-shaped  hinge  made  like 
the  letter  |  on  its  side  (J-).  The  cross-portion  is 
fastened  to  the  jamb  or  post,  and  the  strap  is  hinged 
to  the  vertical  leaf  and  secured  to  the  door  or  gate. 

This  is  an  ancient  form,  and  many  very  elaborate 
examples  are  found  in  ecclesiastical  and  feudal  archi- 
tecture. 

Cross  Half-lat'tice  ProxL  A  kind  of  angle- 
iron  with  four  radiating  flanges.  Double-T  iron, 
with  a  section  like  a  Greek  cross. 

Cross-han'dla    A  handle  attached  transversely 


Digitized  by 


Google 


CROSS-HEAD. 


650 


CROWN-GLASS. 


Fig.  1624. 


SUding  Joumal'Boxes. 


to  the  axis  of  the  tool,  as  that  of  the  auger.     One 
form  of  dnelinK-pistols  had  a  cross-handle. 

Cross-head.  (SUam  engine.)  A  bar  moving 
between  parallel  and  straight 
slides.  It  is  driven  by  the 
piston-rod,  and  by  means  of  a 
connecting-rod  imparts  motion 
to  a  beam,  or  to  the  crank  of 
an  axle  or  shaft.  On  its  ends 
are  the  cross-head  hlocksy  which 
slide  between  two  parallel 
guides. 

The  slidiTig  journal-box  (Fig. 
1524)  is  adapted  to  occupy  a 
.  slot  in  a  cross-head  to  which  it 
imparts  motion.  The  box^  has 
two  taper-cheeks  a  a  and  two  taper-gibs  h  h  adjust- 
able by  screws,  so  as  to  set  up  the  boxing  to  the 
wrist  and  the  cheeks  to  the  guides  in  the  cross-head. 
Cross'ing.  {Railway.)  A  casting  placed  at  the 
rectangular  intersection  of  two  railways,  where  the 
rails  of  each  track  are  partly  cut  away  to  allow  pas- 
sage to  the  flanges  of  the  crossing  wheels. 

Cross-jaok  xard.  (Nautical.)  a.  The  yard 
of  a  square-sail  occasionally  carried  by  a  cutter  in 
running  before  the  wind. 

h.  The  lower  yard  on  the  niizzen -roast. 
Cross-loda    {Mining.)    A  cross- vein  ;  one  in- 
tersecting the  principal  lode. 

Cross-mouth  Chis'eL  A  boring  •  chisel  of  a 
cylindrical  form  with  a  diametrical  blade. 
Cross-^pa'wL  See  Cross-spall. 
Cross-pieoe.  (Shipbuilding.)  a.  A  flooring- 
piece  reHting  upon  the  keel  and  placed  between  the 
/«i//-/oor#  which 'form  the' lower  sections  of  the  ribs 
on  each  side.  The  half-Jloors  make  a  butt-joint  on 
the  middle  line  of  the  vessel  between  the  keel  and 
keelson. 

b.  A  bar  running  athwartship  between  the  knight- 
heads,  and  to  which  the  running  rigging  is  belayed. 

c.  A  bar  connecting  the  bitt-heads. 
Cross-rule  Pamper.    Paper  ruled  off  in  squares, 

affording  a  means  of  drawing  a  pattern  for  weaving 
or  worsted  work. 

Qross-shed.    The  upper  shed  of  a  gauze-loom. 

Qross-silL  A  railroad  sleeper  or  tie  lying  trans- 
versely beneath  the  rails. 

Qross-som'er.    Or  summer.    A  beam  of  timber. 

Cross-spalL  {Shipbuilding.)  A  temporary 
hori;:ontal  timber-brace,  to  hold  a  frame  in  position. 
Vertical  or  int^Iined  braces  are  called  shores. 

Cross-spalls  hold  the  position  afterwards  occupied 
by  the  deck-beams, 

Cross-spring'er.  {Architecture.)  In  a  ^ined 
arch,  the  rib  that  springs  from  a  pillar  in  a  diagonal 
direction  at  the  intersection  of  the  arches  forming 
the  groin. 

Cross-staff  A  surveyor's  instrument  for  meas- 
uring ofl'-sets. 

Crosa-strain'ing.  (Saddlery.)  Canvas  or  web- 
bhig  stretched  transversely  over  the  first  straining. 
The  two  are  stretched  over  the  tree,  and  united  form 
the  foundation  for  the  seat  of  the  saddle. 

Cross-taiL  (Steam-engine.)  A  bar  connecting 
the  rear  ends  of  the  side-bars  of  a  back-action  steam- 
engine.  The  side-bara  proceed  from  the  cross-head 
on  the  end  of  the  piston-rod,  and  receive  motion 
from  the  piston ;  from  the  cross-tail  proceeds  the 
pitman,  which  is  connected  to  the  crank  of  the  pro- 
peller-shaft. 
Fig.  1625.  Cross-taU  Gud'geon.     (Ma- 

chinery.)    A  gudgeon    having   a 
wingp*l  or  ribbed  shank. 
Cro$s-Tatl  Oudgeon.     Cross-tie.  {Railroad  Engineer- 


ing. )  A  cross-sill  beneath  the  rails,  to  support  them 
and  keep  them  from  spreading  apart. 

Cross-tiiiil>er.  (Shipbtiilding.)  One  of  the 
floor-timbers  of  a  frame,  resting  at  its  middle  upon 
the  keel.  Butted  against  its  heads  are  the  heels  of 
the  first  futtocks.  Alongside  of  it  are  half-floor  tim- 
bers, whose  Jieels  butt  against  each  other  over  the 
keel. 

Cross'-trees.  (NaiUical.)  Timbre  athwartship 
in  the  tops,  resting  on  the  trestle-trees,  to  spread 
the  shrouds  of  the  mast  above  and  support  the  frame 
of  the  top. 

Cross -vaulting.  (Ai-chitecture,)  A  ceiling 
formed  by  the  intersection  of  two  or  more  simple 
vaults  of  arch- work. 

Qross-weav'ing  Loom.  A  loom  for  weaving 
with  a  crossed  warp. 

Oross-web'bing;.  (Saddlery.)  Webbing  stretched 
transversely  over  the  saddle-tree,  to  strengthen  the 
foundation  for  the  saddle-seat. 

Cro'ta-lo.    A  Turkish  musical  instrument. 

Cro'ta-lum.  (Music.)  An  ancient  castauet,  used 
in  the  rites  of  Cybele. 

Crotoh.  {Nautical.)  A  forked  post  for  support- 
ing a  boom  or  horizontal  spar. 

Crotoh'et.  1.  (Surgical.)  (Fr.  crocA^,  a  hook.) 
Applied  to  sui^cal  and  other  instruments  of  a 
hooKed  form  derived  from  the  French ;  as  the  cra- 
niotomy or  pUuxnta  hooks. 

Specifically,  a  curved  instrument  for  extracting 
the  fetus. 

2.  (Printing,)    A  bracket  (**[  ]"). 

3.  (Nautical,)    A  forked  support.     A  crotch. 

4.  (Fortification.)  An  indentation  in  a  covered 
way,  opposite  to  a  traverse. 

throud.    A  crypt,  or  under-croft  of  a  chureh. 

Croii^.    1.  An  iron  bar  used  as  a  lever  ;  it  had 
usuallv  a  bent  end,  which  was  fre- 
quently forked,  and  may  have  been      Flg.lfi2i 
named  from  its  fancied  resemblance 
to  a  beak.  R 

2.  Formerly,  the  beak  or  rostrum  Mi 
on  the  stem  of  a  war-galley.     Also  a 
device  formerly  used,  consisting  of  a 
pivoted  lever  and  chain  with  nooks 
for  engaging  an   enemy's  vessel  or     | 
picking  off  her  men.     A  corvus, 

Cro'W-foot.  1.  (Nautical.)  A 
contrivance  for  suspending  the  ridge 
of  an  awning.  It  consists  of  a  nnm- 
ber  of  cords  depending  from  a  long 
block  called  an  euphroe  or  uphroe, 

2.  (Fortification.)  A  crow's-foot  or 
caltrop.    See  Caltrop. 

Cro'wle.  An  old  English  wind- 
instrument. 

CroiKm      1.    (Architecture.)     a,        Cmet. 
The  vertex  of  an  arch. 

b.  The  corona  or  upper  member  of  a  cornice. 

2.  The  dome  of  a  furnace. 

3.  A  size  of  paper,  15  x  19  inches. 

4.  The  hub  or  canon  of  a  bell. 

6.  The  upper  surface  of  a  hat  body. 

6.  An  English  silver  coin  ;  value,  6  shillings. 

7.  The  part  of  a  cut  gem  above  the  girdle. 

8.  The  part  of  an  anchor  where  the  arms  join  the 
shank. 

9.  The  steel  face  of  an  anvil. 
Crown-gate.    The  head-grtte  of  a  canal-lock. 
Crown-glass.     Glass    made    b^  blowing   and 

whirling,  changing  the  ball  of  glass  into  a  globe  and 
eventually  into  a  disk  attached  to  the  end  of  the 
pnnty.  Window-glass  is  msde  in  this  manner. 
Crown-glass  is  a  finer  variety,  a  compound  of  sili- 
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t*ate  of  potash,  or  soda,  and  silicate  of  lime,  —  silica, 
63  ;  potash,  22  ;  lime,  12  ;  alumina,  3.  It  is  much 
harder  than  the  glass  into  whose  composition  lead 
enters,  and  which  is  called  ^i/t/ -glass. 

Bohemian  glass,  in  its  composition,  is  similar  to 
the  above  in  respect  to  the  absence  of  lead  in  nota- 
ble quantities.  It  is  a  silicate  of  potash  and  lime, 
with  a  little  silicate  of  alumina.  It  is  very  hard, 
transparent,  and  difficult  to  fuse. 

Crown-glass  is  made  in  ipund  disks  by  the  follow- 
ing process  :  — 

The  materials  are  fritted  in  a  reverberatory  fur- 
nace, and  then  melted  in  a  {K)t.  A  lump  of  glass 
sufficient  to  make  a  MU  of  nine  [)ounds  weight  is 
extracted  at  the  end  of  a  hlowing-tvJbe,  and  is  dis- 


Fig.  1527. 


tended  into  a  pear  shape 
by  blowing  through  tne 
tube  and  rolling  on  the 
marver^  which  is  a  cast- 
^   iron    slab   on    a  stand. 
.    Being  softened  by  heat 
at  the  mouth  of  a  small 
_  blowing-furnace,    it     is 
rolled  on  the  marver  and 
^  blown  till  it  assumes  a 
-  more    spherical    shape, 
■    but  has  a  conical  end, 
~   which  is  iHimoved  as  the 
glass     approximates     a 
spherical     form,     being 
Glass-blowing.  blown  as  it  is  rolled  on 

the  buUimi'bar.  Being 
again  heated  at  the  blowing-furnace,  rotation  and  blow- 
ing being  persevered  in,  it  becomes  spherical.  It  is 
then  presented  at  a  larger  furnace- hole  called  the  bot- 
toming-hohy  and  being  rapidly  rotated  becomes  oblate. 
A  pontU  tipped  with  molten  glass  is  then  applied 
to  the  center  of  the  flat  portion,  and  the  blowing-tube 
is  detached  by  touching  the  neck  of  the  globe  with 
a  cold  wet  iron.  This  leaves  a  hole  in  the  end  from 
which  the  blowing- tube  was  detache<l,  and  the  arti- 
cle appears  as  shown  at  the  right-hand  upper  comer. 
Heat  and  rotation  being  still  applied,  first  at  a 
funiace-openingof  moderate  size  CAlIed  the  nose-hole^ 
and  then  at  a  much  larger  one  calle<l  a  Flashino- 
FURNACB  (which  see),"  the  hole  becomes  more  and 
more  enlarged  as  the  article  becomes  more  and  more 
oblate.  Finally  it  flies  open  with  a  sharp  nistling 
noise,  and  appeal's  as  a  Hat  plate,  called  a  table,  ad- 
hering at  its  central,  thicker  portion,  the  hulVs-eye, 
to  the  po/Uilf  by  which,  during  the  later  portions  of 
the  process,  it  was  rested  on  the  hook  in  the  half- 


Fig.  1628. 


wall  before  the  fiimaee,  which  formed  a  partial  screen 
for  the  workman^ 

When  it  has  cooled  sufficiently  to  be  rigid  and 
not  liable  to  bend  or  collapse,  it  is  placed  on  a  fork, 
the  pantil  detached  by  the  application  of  a  cold  iron, 
and  the  table  placed  in  the  annealing  arch  or  kiln, 
where  it  rests  on  its  etlge  for  perhaps  twenty-four  hours, 
gradually  cooling.  The  annealing-arch  is  termed  a 
leer,  and  this  is  often  made  continuous  ;  the  trays 
holding  the  ware  traveling  from  the  hot  to  the  cool 
end,  being  pushed  alon^  as  the  trays  of  recently 
made  glass-ware  are  received  at  one  end,  while  the 
contents  of  the  trays  at  the  dischai'ge-end,  having 
cooled  sufficiently  to  bear  handling,  are  i-emoved. 

The  size  of  a  table  or  dusk  of  crown-glass  is  about 
52  inches,  and  a  pot  holding  one  half- ton  will  make 
about  100  tables. 

Crown'ing.  1.  (Machinery.)  The  central  bulge 
or  swell  of  a  band-pulley. 

2.  Convex  at  top  ;  opposed  to  dishing. 

Crovtm-pa'per.  Paper  which  formerly  had  the 
crown  for  a  water-mark.     Its  size  is  15  x  i9  inches. 

Crown-piece.  A  strap  in  a  bridle,  head-stall, 
or  halter,  which  iiasses  over  the  head  of  a  horse,  its 
ends  being  buckled  to  the  cheek -8tra[)8. 

Crown-post.  {Carpentry.)  A  vertical  post  in 
a  tniss,  supporting  the  crown -plate  in  a  king-post 
truss.     A  icing-post. 

Crown-saw.  A  saw  of  cylindrical  shape,  with 
teeth  on  the  end  and  operated  by  a  rotative  motion. 
The  trephine  was  the  first  of 
the  class.  It  is  used  for 
making  buttons  and  mark- 
ers, sawing  staves,  brush - 
backs,  chair- backs,  etc. 

Crown-saws  of  large  size  I 
are  made  in  .sections,  riveted 
to  the  outside  of  a  strong 
ring,  and  carefully  ham- 
mered, so  that  the  plates 
constitute  one  continuous 
cylinder ;  the  edges  of  the 
plates  making  butt-joints 
with  each  other.  The  ring  is  fixed  to  the  surface- 
chuck  of  a  lathe-mandrel,  by  means  of  hook-bolts  A, 
and  the  work  is  grasped  in  a  slide-rest,  which 
traverses  within  the  saw  and 
parallel  with  its  axis. 

Smaller  cylindrical  saws 
are  made  of  a  single,  bent 
steel  plate,  rolled  to  form, 
and  brazed  at  the  joint. 
They  are  used  in  barrel- 
making  machines,  to  saw 
staves  from  the  bolt. 

Fig.  1529  shows  a  crown-  \ 
saw  and  bit  by  which  the  ] 
sheaves  for  blocks  are  cut  out 
and  bored  simultaneously  ; 
b  is  the  stock  to  which  the  cylindrical  saw  and  the 
center-bit  are  attached. 

Crown-sheet.  The  upper  plate  of  a  locomotive 
fire-box. 

Crown-tUe.  A  common, 
flat  tile.     A  plaiie-tile. 

Crown-valve.  A  dome- 
shaped  valve  which  is  vertically 
reciprocated  overa  slotted  box. 

Crown-wheeL     One    in 

which  the  cogs  are  perpendicu- 

I  lar  to  the  plane  of  motion  of 

the  wheel.     It  is  also  called  a 

contrate  or  face  wheel.     Oon- 

I  trate  is  a  term  applied  to  this  Ooum-  Valvt. 


Crown- Saw. 


Fig.  1529. 
h 


Fig.  1680. 
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wheel  in  horology.  Face-w\u^\  indicates  that  the 
teeth  project  from  the  circular  face,  as  distinguished 
from  the  periphery  or  rim. 

Crown-wheel  EB-oape'ment.  One  so  named 
hecause  the  escape-wheel  is  a  crown  ratchet-wlieel 
whose  teeth  escape  from  the  pallets  of  the  verge. 
A  vertical  escapement. 

Crown-iwork.  (Fortification.)  An  extension  o'f 
the  main  work  consisting  of  a  bastion  between  two 
curtains^  which  are  terminated  by  half-bastioiis  and 
commanded  by  the  main-work. 

Crow*s-bilL    {Surgical.)    A  bullet  foi-ceps. 
Crow's-foot     1.  {lyell'boriivg.)    A  bent  hook 
adapted    to   engage  Uie  shoulder  or 
Fig  1681      collar    on    a    diill-rod    or    well-tube 
a  while  lowering  it  into  a  well  or  drilled 

shaft,  or  to  hold  the  same  while  a  sec- 
tion above  it  is  being  attached  or  de- 
*^  tttched  (a,  b.  Fig.  1531). 
c^^      In  well-boring  the  au^cr  or  drill- rod 
passes  through  a  hole  in  the  staging, 
nut  the  crow  s-foot  is  too  large  to  pass 
Crow't-Foot.  through   the   hole,   and   is  thus  the 
means  of  holding  the  sections  of  rod 
or  tubing  which  are  suspended  therofrom. 

A  scotch  answers  the  same  purpose.  It  is  a  bent 
bai-  which  slips  on  the  rod  and  forms  a  resting-place 
for  the  shoulder  or  collar. 

2.  {Fortification.)  A  ball  armed  with  spikes,  so 
arranged  that  one  is  always  presented  upwardly  ; 
such  are  strewn  on  the  ground  for  defence  against 
the  approach  of  cavalry.     A  caltrop. 

Crow's-nest  A  tub  or  box  at  the  top-gallant 
mast-head,  for  the  lookout-man  who  watches  for 
whales. 

.  Croy.  A  mound  or  structure  projecting  into  a 
streatn,  to  break  the  force  of  the  water  on  a  |)articu- 
larj»art  and  jirevent  encroachments. 

Croze.  1.  {Coopering.)  A  tool  used  for  making  the 
grooves  for  the  heads  of  casks,  after  the  ends  of  the 
staves  have  been  levele<l  by  a  tool  called  a  sun-plaiu, 
which  is  like  a,  jack-plane,  but  of  a  circular  plan. 

The  croze  resembles  a  page,  except  that  it  is  very 
much  laiger;  the  head  is  nearly  semicircular,  and 
terminates  in  two  handles.  The  stem,  which  is  pro- 
portionally large,  is  secured  by  a  wedge  ;  the  cutter 
IS  composed  ol  three  or  four  saw-teeth,  closely  fol* 

Fig.  1682. 


Cooper^*  Croze. 

lowed  by  a  hooked  router,  which  sweeps  out  the 
bottom  of  the  groove. 

In  another  form,  it  is  a  circular  plane  with  a 
gouge-bit. 

2.  {Hat-making.)  To  unroll  and  re-roll  a  hat-body 
so  as  to  change  the  surfaces  in  contact,  and  prevent 
their  felting  together  in  the  process  of  felting  hats. 

CroB^lng-ma-ohine^  {Coopering.)  A  madiine 
for  cutting  on  staves  the  croze  or  groove  for  the  re- 
ception of  the  edge  of  the  head. 

Cm'ci-ble.  1.  A  melting-pot  of  an  earthen 
composition  or  of  refractory  metal,  adapted  to  with- 
stand high  temperatures.  They  are  mentioned  by 
the  Greek  authors,  and  are  shown  in  the  ancient 


Egyptian  paintings,  and  were  early  used  in  docimastic 
operations,  and  were  made  by  the  old  alchemists  for 
their  own  use.  Metallic  crucibles  are  of  platinum, 
silver,  or  iron.  See  Faraday's  ''Chemical  Manipu- 
lations." 

Agricola,  the  celebrated  metallurgist  and  Glauber, 
a  noted  chemist,  both  in  the  sixteenth  century, 
made  their  own  crucibles. 

Hessian  crucibles  are  made  of  the  best  fire-clay 
and  coarse  sand.  They  are  the  chca})est,  and  answer 
for  all  uses  where  a  single  melting  will  suffice,  as  in 
i-etining  or  ex^riments.  They  come  in  nests  of 
size^  from  two  inches  up  to  eight  inches  high.  They 
ai-e  used  in  this  country  in  all  experunents  whei-e 
fluxes  ait;  needed  ;  are  round  at  the  bottom,  but  are 
furnished  both  round  and  tiiangular  at  the  top. 
'Wedg>^'ood  made  crucibles  in  his  time  of  a  close  and 
line  texture,  but  liable  to  crack.  In  France  an  ex- 
cellent crucible  is  made  at  Picardy  of  a  sort  of  kaolin 
and  fine  sand.  They  are  made  very  thin,  turned  up 
on  a  potter's  wheel ;  are  tall  and  slim,  Wnd  easily 
at  a  high  heat,  and  ai-e  liable  to  crack  in  coolings 
but  are  used  largely  by  the  meltera  of  bionze  and 
brass  in  Paris.  The  Dutch  made  what  were  known 
as  "blue  pots,"  or  "black-lead  pots"  of  clay  and 
graphite  in  the  early  jiail  of  the  seventeenth  cen- 
tur)' ;  and  in  their  day  these  were  the  safest  melting- 
l^ots,  l»ecause  they  would  stand  four  or  five  meltings, 
and  submit  to  considerable  change  of  tempeiatui-e, 
before  crackhig.  The  ci-aphite  was  known  b^  them 
as  pot  loot,  or  potter's  lead,  from  the  use  of  it.  In 
England  many  kinds  of  clay  were  used  ;  but  the 
chief  dependence  was  on  that  known  as  the  "  Stour- 
bridge clay,"  which,  when  mixed  with  pulverized 
coke,  made  a  useful  and  cheap  melting-pot,  but  it 
could  not  be  cooled  off  and  used  again.  In  1827  the 
late  Mr.  Jost^ph  Dixon  began  the  manufacture  of 
cmcibles  by  mixing  the  graphite,  othem^ise  known 
ns  plumbago,  found  in  the  State  of  New  Hampshire, 
witli  a  clay  used  by  the  glass-makers,  for  melting- 
pots  ;  and  these  were  much  better  than  the  Dutch 
Jiots,  being  able  to  stand  very  great  and  sudden 
changes  of  temperature.  Mr.  Dixon  saw  beautiful 
s])ecimens  of  foliated  graphite,  brought  home  as 
curiosities  by  the  captains  of  India  slii)>s  that  had 
touched  at  Ceylon  ;  and,  finding  this  better  than  the 
New  Hami»shire  graphite,  he  procured  a  fehij  nient 
in  1828,  being  the  firet  lot  of  Ceylon  graphite  ever 
brought  to  the  United  States,  and  the  firat  known 
use  of  foliated  graphite  for  cnieible  making.  About 
1830  Mr.  Dixon  adopted  the  **  Dutch  pipe-clay  "  to 
mix  with  the  Ceylon  grajjhite.  To  ten  pounds  of 
ground  graphite,  seven  pounds  of  clay,  two  ]>ounds 
of  fine  kaolin,  and  one  pound  of  fine  quartz  sand, 
add  water,  to  make  the  mass  plastic  enough  to  be 
turned  up  on  a  potter's  wheel  to  tlie  desired  shape. 
To  the  above,  for  steel  melting,  there  should  be  added 
half  a  pound  of  pulverized  charcoal  or  coke,  as  may 
be  most  convenient.  The  pots  are  dried  carefully, 
burned  in  a  potter's  kiln  to  a  white  heat,  and  are 
then  fit  for  use.  In  use,  crucibles  should  ha  placed 
in  the  fire,  and  not  on  it.  The  fire  should  surround 
the  crucible  to  the  very  top,  and  a  blast,  if  nsed, 
should  not  strike  the  cruciblra  direct.  They  should 
be  kept  in  a  dry  place,  the  least  dampness  being 
fatal.  If  they  are  well  made,  no  annealing  is  needed, 
the  object  of  annealing  being  only  to  complete  the 
shrinkage  that  should  be  fully  accomplished  in  the 
"burning"  by  the  crucible-maker.  For  melting 
brass,  copper,  gold,  silver,  or  alloys  of  metals,  a 
Dixon  graphite  crucible  should  run  from  twenty  to 
foity  meltings,  according  to  the  fuel,  draft,  care,  or 
other  circumstances.  For  melting  steel  they  will 
run  from    four  to  six  times,   and    longer    by  a 
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systematic  cleaning  the  sla^  from  the  surface  after 
each  melting,  and  coating  tlie  crucible  with  a  mix- 
ture consisting  of  fire-clay,  graphite,  charcgal,  and 
pure  fine  quartz  sand.  In  handling  crucibles  the 
tongs  should  fit  so  as  not  to  bend  them  in  lifting 
from  the  fire,  as  the  frequent  bending  will  crack  the 
crucibles  before  they  are  worn  out. 

Crucibles  are  made  at  the  Dixon  Works,  Jersey 
City,  New  Jei*sey,  of  all  sizes,  from  those  that  hold 
but  two  ounws  up  to  six  hundred  pounds  capacity. 
Covers  are  made  for  all  sizes.  Retorts  of  all  shapes 
and  chemical  ware  are  also  made  of  the  crucible 
mixture.  It  will  stand  a  very  high  heat,  but  is 
wasted  by  most  fluxes.  At  the  mints  large  cnicibles 
are  used,  and  dippers  are  made  of  the  same  material, 
with  which  the  metal  is  ladled  out.  Stirrers  are 
also  made  with  which  to  stir  up  the  liquid  metul. 
The  crucibles  are  sized  by 
figures  denoting  the  num- 
ber of  kilogrammes  of  brass 
they  will  hold,  No.  1  hold- 
ing 2\  poun<ls,  No.  10 
holding  22  jiounds,  and  so 
on  up  to  No.  300.  See 
Graph  iTR. 

Crucibles  for  glass-mak- 
ers are  made  of  a  mixtui-e 
of  bunied  fire-clay  very 
coarsely  ground,  with  the 
raw  clay  and  a  portion  of 
the  old  pots  ground  up. 

Several  forms  bf  melting- 
pots  are  shown  in  Fig. 
1533.     a    and   b'  are    re- 

finers'  pots  for   gold   and 

silver  ;  c',  a  foundry-pot ; 
rf,  a  steel  pot  ;  e',  cruciWe 
lid  and  stirrer  of  the  same 
intractable  material. 
2.  A  basin  at  the  bottom  of  a  furnace  to  collect 
the  molten  metal. 

Cru'oi-ble-mold.  Crucibles  are  molded  on  a 
wheel  or  in  a  press.  Different  materials,  qualities, 
and  sizes  require  different  treatment.  One  common 
ordinary  mode  of  forming  crucibles  for  melting  steel, 
in  the  process  of  making,  is  shown  in  Fig.  1584,  1 

Fig.  IWi 
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Wold. 

the  mold,  which  is  then  pressetl  carefully  downward, 
leaving  the  molded  crucible  on  the  top  of  the  post. 
The  upper  inai-gin  of  the  crucible  is  then  pressed  in 


and  2,  which  show  the  cast-iron  mold  with  af  hard- 
wood core  ;  the  larger  illustration  shows  a  mold  with 
handles  for  lifting.  The  lump  of  clay  is  placed  in 
the  mold  a,  the  core  e  is  forced  <lown  upon  it,  and 
driven  down  by  a  hammer  until  the  rod  in  the  cen- 
ter enters  the  hole  in  the  "bottom  h  of  the  mold,  e 
is  the  circular  plate  which  molds  the  upper  edge. 
In  removing,  the  core  c  is  first  carefully  lifted  and 
the  hole  in  the  bottom  closed  by  a  plug  of  clay. 
The  mold  a  is  then  lifted  from  the  "bottom  h  and 
placed  on  the  post  shown  at  3;  the  top  of  this  is 
somewhat  smaller  than  the  opening  in  the  bottom  of 
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mold,  is  fashioned  by  a  hinged  molding-blade,  which 
corresponds  in  shape  to  the  inner  surface  of  the  in- 
tended crucible,  and  by  pressure  builds  up  the 
plastic  material  against  the  inside  surface  of  the 
mold.  The  surplus  material  at  top  is  cut  off  with 
a  knife.  The  blade  is  withdrawn,  and  the  cnicible, 
with  its  mold,  is  removed  to  dry  and  harden,  pre- 
vious to  burning. 

One  other  mode  of  molding  is  sometimes  practiced  : 
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Fig.  1587. 


the  slip,  of  the  consistence  of  cream,  is  poured  into 
molds  made  of  stucco,  and  allowed  to  stand  in  the 
mold  until  a  sufficient  quantity  will  adhere  to  the 
mold,  when  the  remaining  liquid  portion  is  poured 
out.  The  mold  and  its  inner  coating  of  slip  are  re- 
moved to  the  oven,  when  the  slip  contracts  and  ma^ 
be  removed.  When  dry,  the  biscuit  crucible  is 
ready  for  baking. 

Cra'oi-ble-ov'en.  A  heater  for  cruci- 
bles, to  dry  them  before  burning  in  a  kiln. 
Plastic  clay  is  molded  into  green  crucibles, 
assumes  the  biscuit  form  by  drying,  and  is 
burned  to  constitute  a  crucible. 

Cru'oi-ble-tongs.  A  form  of  tongs 
for  lifting  crucibles  from  the  furnace. 

Cru'et.  A  jar  or  bottle  for  condiments 
or  flavors  used  at  table  up6n  meats,  etc. 
A  caster,  A  cruet-stand  holds  a  number 
of  such  little  vials. 

Cruive.    A  .salmon-tran  of  the  nature 

of  a  weir.    It  has  stone  walls,  which  cross 

,  the  river,  and  an  intermediate  chamber  of 

'slats  or  spars  which  admit  the  fish  but 

oppose  thoir  exit. 

Crumb-re-mov'er.  A  tray  for  re- 
ceiving the  crumbs  swept  up  by  the  crumb- 
brush. 

OueibU-       Crup'per.    (ffamess.)    A  loop  which 

'Ibngs.    passes  oeneath  the  tail  of  a  horse,  and  is 

connected  by  a  strap  with  the  saddle,  to 

keep  it  from  riding  forward.    The  rounded  portion  E 

B  is  the  crupper-loop. 

Fig.  1588. 


Fig  1589. 


Crupper. 

Crup'per-ohaln.  {Nautical.)  A  chain  for  lash- 
ing the  jib-boom  down  to  the  bowsprit. 

Cmsh'er.  A  mill  or  machine  for 
mashing  rock  or  ore.  See  Ore- 
CRUSHEE ;  Stone-crushrr  ;  Stamp. 

Crutoh.  1 .  A  staff  wi^h  a  cross- 
piece  to  support  the  person  beneath 
the  arm-pit.  The  foot  is  shod  with 
a  rubber  pad,  or  may  have  a  spur  to 
prevent  slipping. 

2.  (Horology.)  The  fork  at  the 
end  of  the  arm  which  depends  from 
the  axis  of  the  anchor-cso^pement. 
The  pendulum-rod  is  contained  with- 
in the  limbs  of  the  crutch^  and  vi- 
brates the  anchor,  itself  also  receiv- 
ing a  slight  impulse  from  the  train. 

8.  (Saddlery.)  One  form  of  pom- 
mel for  a  lady's  saddle,  consisting 
of  a  forked  rest  which  holds  the  leg 
of  the  rider. 

4.  (Shipwrighting.)  a.  One  of 
the  struts  or  stay-plates  in  the  prow 
or  stem  of  an  iron  vessel,  which  sup- 
ports the  sides  where  they  nearly 
approach  each  other.  They  occupy 
a  position  corresponding  to  that  of 
the  dead-wood  in  a  timber  vessel, 
and  are  used  to  prevent  the  cnishing 
Cnudi.         in  of  the  plating. 


1> 


b.  A  knee-timber  placed  inside  a  vessel  to  secure 
the  heels  of  the  cant- timbers  abaft. 

c  A  support  upon  the  taffrail  for  the  boom. 

d.  A  forked  row-lock  upon  the  gunwale. 

5.  (Founding.)  The  cross- handle  on  the  end  of 
a  shank,  (a  founder's  metal-ladle,)  by  which  it  is 
tipped. 

Crwth.  A  Welsh  musical  instrument  with  six 
strings,  played  upon  with  a  bow. 

The  first  four  strings  are  conducted  from  the  tail- 
piece down  the  finger-board  ;  but  the  fifth  and  sixth, 
which  are  about  an  inch  longer  than  the  others, 
branch  from  them  laterally,  and  range  about  the  dis- 
tance of  an  inch  fh)m  the  neck. 

Ciy'o-lite-f|laBS.  A  semi-transparent  glass  made 
from  cryolite  and  sand,  and  sometimes  Icnown  as 
fusible  porcelain  or  milk-^lass. 

Cry-oph'o-rus.  An  instrument  to  illustrate  the 
process  of  freezing  by  evaporation.  Invented  by  Dr. 
Wollastou. 

It  consists  of  two  bulbs  and  a  connecting  tube,  air 
being  expelled  from  the  interior  by  heating  the  body 
of  water  inclosed  and  her- 
metically    closing     the  ^  IMO. 
opening.     The  water  he-    Rpss^=^= 
ing  poured  into  one  bulb,  ip\ 
the  other  bulb  is  placed  ^yl 
in  a  mixture  of  ice  and  Oyophoms. 
salt,  which  condenses  the 

vapor  and  causes  so  rapid  evaporation  from  the  for- 
mer bulb  as  to  freeze  the  water  therein. 

Crypt.'  (Masonry.)  A  vault  beneath  a  church 
or  mausoleum,  and  either  entirely  or  partly  under- 
ground. 

Chyp'to-graph.    A  message  written  in  cipher. 

Crys'tEd.  (Glass.)  A  peculiarly  pellucid  kind 
of  glass. 

CryB'tal-lixed  Tln-^late.  Or  moire-m^Uiqw. 
A  variegated  crystallized  api)earance  f»roduced  on 
the  surface  of  tin-plate  by  applying  to  it  in  a  heated 
state  some  dilute  nitro-munatic  acid,  washing  it, 
drying,  and  coating  it  with  lacquer. 

Cry«-tallo-oe-ram'ia  A  kind  of  glass  incrus- 
tation. It  consists  of  an  opaque  substance,  im- 
bedded in  a  mass  of  colorless  glass.  A  medallion  or 
bas-relief  is  molded  in  a  peculiar  kind  of  clay,  and 
inclosed  between  two  pieces  of  soft  glass  in  their 
melted  state.  The  molten  glass  is  dropped  upon  the 
surface  of  the  medallion,  and  the  surface  afterwards 
polished.  The  white  clay  seen  within  the  clean  and 
nighly  refractive  glass  presents  an  appearance  nearly 
resembling  that  of  unbumished  silver. 

Cnrs-tallo-an-grav'Jjigr  A  mode  of  ornament- 
ing glass-ware  by  taking  impressions  from  intaglio, 
and  impressing  them  on  the  ware  while  casting. 

The  die  is  first  sprinkled  over  with  Tripoli  ]K)wder, 
then  with  fine  dry  plaster  and  brick -dust,  and  then 
with  coarse  powder  of  the  same  two  materials  ;  it  is 
placed  under  a  press,  and  at  the  same  time  exposed 
to  the  action  of  water,  by  which  the  sandy  layers 
become  solidified  into  a  cast.  This  cast  thus  ob- 
tained is  placed  in  the  iron  mold  in  which  the  glass 
vessel -is  to  be  made,  and  becomes  an  inte^l  part  of 
the  vessel  so  produced  ;  but  by  the  application  of  a 
little  water  the  cast  is  separated,  and  leaves  an  in- 
taglio  impression  upon  the  glass  as  sharp  as  the 
original  die.  The  cake  thus  used  seldom  suffices 
for  a  second  impression.  * 

Crya-tallo-type.  A  photographic  pictureon  glass. 

CHipring.  (Vehicles.)  A  spring,  in  form  like 
the  letter  C,  and  employed  in  close  carriages  of  old 
style,  and  some  modem  ones.  It  is  planted  on  the 
frame  of  the  carriage,  and  to  its  upper  pliable  end 
the  suspension-straps  are  fastened. 
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Cube  Su'gar-ma-ohine'.  A  machine  for  cut- 
ting up  loaf-sugar  into  little  cubes  for  table  use  con- 
sists of  a  set  of  circular  saws  which  reduce  it  to  the 
form  of  long  square  sticks.  These  are  dropped  into 
upright  grooves  in  the  machine,  of  which  there  are 
a  number  side  by  side,  and  of  which  the  bottoms  are 
removable  plates.  These  form  stops,  and  at  the  ref- 
lated distance  above  are  a  pair  of  knife-edges  which 
move  inward  toward  each  other  and  divide  all  the 
columns  of  sugar  simultaneously.  As  the  knife- 
edges  close,  the  supporting-plates  open  and  allow  the 
cubes  to  drop. 

Caok'oo-clook.  One  in  which  the  hours  are 
sounded  by  wind  proceeding  through  reeds  which 
simulate  the  voice  of  the  bird  after  which  it  is 
named. 

Caok'old'8-neok.  A  knot  by  which  a  rope  is 
secured  to  a  suar,  the  two  parts  of  the  rope  crossing 
each  other  ana  seized  tos^tner. 

Ca-our'bit.  An  earthen  or  glass  vessel  used  in 
distillation,  and  having  a  rounded  shape  like  a  gourd ; 
hence  the  name.  It  contains  the  liquid  to  be  dis- 
tilled, and  is  crowned  by  the  alembie.    See  Alembic. 

Ca'cor-bit'u-la.    A  cupping-glass. 

The  eucurbitula  cruenla  is  designed  to  draw  blood. 

The  eucurbitula  sicca  is  for  dry  cupping,  and  is  a 
local  vacuum-apparatus. 

The  cucurbiima  cum  ferro  is  armed  with  iron. 

Cad'dy.  1.  (N'atUiail.)  a.  The  cook-house  or 
galley  of  a  vessel. 

b,  A  small  double-decked  portion  of  a  canal-boat 
or  lighter,  forming  a  cabin  for  the  crew. 

2.  A  lever  mounted  on  a  tripod  for  lifting  stones, 
leveling  up  railroad-ties,  etc.     A  lever-jack. 

Cue.  A  staff  with  whose  end  the  billiard  ball 
is  struck.  It  is  usually  shod  with  vulcanite  or 
leather.     This  end  is  known  as  the  Up. 

Cui-rass'.  An  armor  for  the  body  ;  formerly  of 
leather,  but  now  of  metal.  It  consists  of  a  breast 
and  a  back  plate,  lapping  on  the  shoulders  and 
buckled  together  beneath  the  arms. 

It  succeeded  the  hauberk,  or  coat-of-mail,  and  the 
hacqueion,  or  padded  leather  jacket,  about  1350.  It 
has  survived  all  other  forms  of  defensive  armor  for 
the  body,  being  yet  in  use  in  the  heavy  cavalry  of 
some  European  armies. 

The  surcoat  or  jupon,  which  usually  covered  the 
former  styles  of  armor,  was  laid  aside  about  the 
tune  the  cuirass  was  adopted,  say  the  reign  of  Ed- 
ward III. 

The  early  cuirass  of  the  Greeks  was  of  linen,  which 
was  afterwards  covered  with  plates  of  horn  or  scales 
of  horse-hoofs. 

The  Roxalani  wore  leather  with  thin  platen  of 
iron.  The  Persians  wore  a  similar  cuirass.  The 
Romans  introduced  flexible  bands  of  steel,  folding 
over  one  another  dqring  the  flexure  of  the  body. 

The  Roman  hadaii  wore  chain-mail  (hauberks). 
The  same  nation,  as  well-  as  the  Greeks,  used  the 
back  and  breast  plate. 

CuiBse.  Plate-armor  for  the  thigh.  Cuish; 
cuissot ;  aiissart. 

Cn-lasse'.  (Diaiaond'CiUting.)  The  lower,  fa- 
ceted portion  of  a  brilliant-cut  diamond,  which  is 
imbedded  in  the  setting,  or  is  below  the  girdle.   The 
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culasse  has  twenty-four  facets,  which 
occupy  the  zone  between  the  girdle 
and  the  collet  or  culct.  See  Bril- 
liant. 

Culi-na-zy-boil'er.  A  cooking- 
vessel  for  holding  water  in  which  vict- 
uals are  boiled.  Its  form  and  ap- 
purtenances are  adapted  to  the  cus- 
tomary uses  of  peoples, —  to  be  swung 
over  a  fire,  stand  on  a  hearth,  rest  on  the  bai-s  of  a 
grate,  set  within  a  pot-hole  of  a  stove.  In  Fig. 
1542,  the  kettle  is 

placed  in  an  open-  Fig.  1542. 

[X>ttomed  shell  of 
similar  shape,  but 
of  size  sutiicicnt 
to  allow  the  calor- 
ic current  circu- 
lation between 
them.  A  valve  in 
the  kettle-lid  al- 
lows escape  of 
steam  beneath  the 
lid  of  the  shell. 

Another  form 
has  a  duct  for 
leading  off  steam 
and  effluvia.  The 
lid  has  a  hinged 
portion  with  a  spout  which  conducts  the  steam  to  a 
pipe  which  leads  it  to  the  fire-chamber. 

The  boilers  of  nations  unacquainted  with  metal  or 
pottery  were  usually 
plaited     vessels    of  Fig.  1543 

roots  or  rushes  so 
closely  worked  as  to 
be  water-proof,  or 
treated  with  some 
water-resisting  sub- 
stance. The  latter 
varied  with  different 
nations  and  tribes, 
according  to  the  ma- 
terials at  hand. 

Some  of  the  North 
American  Indians 
made  their  boilers 
of  long,  tough  roots 
wound  in  plies 
around  a  center,  and 
shaped  like  an  inverted  beehive.  The  water  in  all 
such  vessels  was  heated  by  the  introduction  of  hot 
stones  from  a  fire  kindled  on  the  ground  in  the  vi- 
cinity. 

**  If  the  Scythians  do  not  happen  to  possess  a 
caldron,  they  make  the  animal's  jmunch  nold  the 
flesh,  and,  pouring  iii  at  the  same  time  a  little  wa- 
ter, lay  the  bones  under  and  light  them By 

this  plan  your  ox  is  made  to  boil  himself." — He- 
rodotus, IV.  61. 

The  Dacotah  Indians  sometimes  lx)il  animals  in 
their  own  skins,  taking  the  skin  off  whole,  suspend- 
ing it  at  the  four  comers,  and  making  use  of  boiling- 
stones  as  usual. 

The  plan  was  commonly  used  in  the  stone  age  of 
Europe,  and,  no  doubt,  of  other  regions.  The  "boil- 
ing-stones "  are  familiar  objects  with  areheeologists, 
and  are  found  with  flint  tools  and  weapons. 

Several  tribes  of  Polynesia  and  Oceanica  have  been 
discovered  entirely  destitute  of  any  knowledge  of 
boiling  water.  It  occasioned  the  most  intense  won- 
der.    Says  Wallis :  — 

*'  It  is  impossible  to  describe  the  astonishment 
expressed  by  the  Society  Islanders  when  they  saw 
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the  gunner  dress  his  pork  and  poultry  by  Iwiling 
them  in  a  pot.  Having  no  vessel  that  would  bear 
the  fire,  they  had  no  idea  of  hot  water." 

Captain  Cook  «ws  they  had  but  two  modes  of 
cooking,  —  broiling  and  baking. 

Gullet.  1.  A  small  central  plane  in  the  back  of  a 
cut  gem. 

2.  {Glass.)     Broken  glass  for  remelting. 

ColliB.     A  gutter  in  a  roof  or  elsewhere. 

Cui'ti-va'tor.  This  term,  in  a  broad  significa- 
tion, includes  harrows,  drags,  grubbers,  scarifiers. 

Fig  1544. 


CuUitatorf. 

scufflers,  pulverizers,  spiked  harrows  and  rollers, 
horse-hoes,  shovel- plows,  and  some  other  imple- 
ments. The  essential  idea  of  cultivation  is  of  course 
broader  still,  as  it  comprehends  all  tlie  means  of 
tillage,  which  would  include  plows,  the  dominant 
implement  in  the  art  of  husbandry. 

The  term  cultivator,  in  the  United  States,  em- 
braces implements  which  are  used  in  tending  grow- 
ing crops.     These  are : 


tar. 


1.  The  implement  specifically  known  asa  cte/Ztra- 
•,  having  a  triangular  frame  set  with   teeth  or 


shares,  and  drawn  by  one  horse,  which  walks  in  ths 
balk  between  the  rows  of  com,  ]>otatoes,  or  other 
plants.  The  animal  is  bitched  to  the  apex  of  the 
framf»,  and  the  implement  is  guided  by  a  pair  of 
handles  at  the  rear. 

2.  Single  and  double  shjovcUplows^  which  are  used 
for  precisely  the  same  purpo.se,  but  are  known  as 
plows.     See  Shovf.l-imxjw. 

The  cultivator  is  an  improved  harrow. 

The  course  of  improvement  is  not  difficult  for  a 
farming  mechanic  to  imagine. 

The  ordinary  harrow,  we  may  say,  is  dependent 
for  its  course  solely  upon  the  direction  of  draft. 

A  goo<l  harrow,  especially  for  new  ground  and  in 
fields  where  there  are  occasional  obstructions,  is  that 
of  an  A  form  (a,  Fig.  1544).  The  rear  comera  may 
be  readily  raised  by  a  hooked  stick,  so  as  to  allow  it 
to  pass  a'stumn  without  swerving  the  team.  Better 
still  is  a  bow  of  hickory,  as  in  the  next  figure  (b) ;  by 
this  it  may  be  lifted  one  side  at  once,  or,  by  swinging 
back  on  it,  the  whole  harrow  is  lifted,  to  clear  it  of 
accumulated  weeds,  etc.  This  harrow  is  for  regular 
service  in  putting  in  crops. 

A  smaller  size,  with  a  now  handle,  is  made  to  go 
between  two  rows  of  com,  potatoes,  lieans,  otc,  the 
handle  affording  the  means  of  swaying  it  towards  or 
from  the  row,  to  suit  any  irregularity  in  the  line  of 
plants,  an«l  also  to  keep  it  to  its  duty  If  the  horse 
swerves  from  the  exact  path. 

Another  mode  of  affixing  handles  is  .shown  in  the 
next  figure  (c),  and  this  brings  the  subject  to  such 
close  relationship  to  the  cultivator  as  to  render  it 
unnecessary  to  trace  the  stejw  farther. 

In  connection  with  the  subject  we  must  not  for- 
get the  author  of  **  Horse- hoeing  Husbandry." 
Jethro  Tull  introduced  his  system  of  drilling  crops 
in  1701,  with  the  object  of  cultivating  the  plants  by 
machinery.  He  published  his  book  1731.  His  sys- 
tem rendered  the  cultivator  iK>ssible. 

The  Elngllsh  cultivatore  and  horse-hoes  may  be 
classed  together,  as  no  line  of  demarcation  exists 
between  them.  The  horse-hoes  are  designetl  to  tend 
drilled  crops,  the  prongs  or  shares  i^assing  along  the 
lialks  between  the  rows  of  plants,—  wheat,  barley, 
cats,  rye,  turniris,  beans,  etc.  This  rendere  it  neces- 
sarv  that  the  shares  should  have  the  same  gage  of 
width  as  the  drills ;  but  this  is  all  that  is  pe<'uliar 
about  them,  and  is  a  question  of  proportion,  not 
principle. 

The  tendency  in  all  economical  farming  on  an  ex- 
tended scale  istowanl  reducing  manual  labor.  Cul- 
tivatora  and  shovel-plows  have  to  a  great  extent 
superaeded  the  hoe  in  corn-culture,  and  the  English 
horae-lioe  is  designed  to  do  the  same  in  the  culture 
of  smaller  drilled  grain.  A  man  can  kill  more 
weeds  in  a  day  with  a  double-shovel  plow  or  culti- 
vator than  he  can  in  a  week  with  a  hoe,  cceteris 
paribus. 

Wilkie,  of  Tetldington,  Scotland,  is  the  inventor 
of  the  culrivator.  He  invented  the  plurality  of 
shares,  the  expanding  frame,  and  the  caster-wheel. 
His  cultivator  {shown  at  rf.  Fig.  1544)  has  a  frame 
of  triangular  form.  The  apex  is  supported  on  a 
ca.ster- wheel,  and  the  rear  of  the  frame  ujion  &  PQir 
of  wheels.  The  share-frame  is  so  suspended  from 
the  traction-frame  as  by  a  parallel  movement  to  be 
raised  bodily,  or  lowere<l,  by  means  of  a  single  lever 
projecting  at  the  rear.  The  lever  catches  in  notches 
in  the  segment-bar,  so  as  to  maintain  the  desired 
ac^justment. 

The  teeth  are  curved  prongs  which  enter  the  soil 
obliquely  and  raise  weeds  to  the  surface  ;  the  trash 
passes  up  the  incline,  and  falls  over  the  rear  ends  of 
the  teeth,  which  are  thus  self-cleaning. 
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FinIayson*8  cultivator  e  (British,  1826)  is  made 
of  iron^  and  the  prongs  are  arranged  on  parallel, 

Fig.  1646. 


curved,  flat  share,  whose  depth  is  regulated  by  a 
crank  and  screw. 

Fig.  1546  shows  one  American  foiin  of  cultivator, 
in  which  the  plows  are  managed  by  levers  in  driving 
and  riding,  and  by  the  handles  when  walking  be- 
hind the  machine.  The  plow-beams  are  girobal- 
jointed  to  standards  depending  from  the  axle,  and 
have  vertical  and  lateml  movement  by  two  hand- 
levers. 

Fig.  1547  shows  a  form  in  which  the  plow-frames 
are  attached  by  an  arched  yoke,  which  permits  in- 

Flg.  1647. 


Engli.nh  Cultivators 

transverse  bars  of  the  frame,  which  is  sup|K)rted  on 
a  caster-wheel  in  front  and  two  wheels  at  the  rear. 
The  depth  of  tilth  is  regulated  by  a  lever,  which  is 
connected  to  the  carriage  of  the  caster-wheel  so  as 
to  raise  the  apex  of  the  frame  when  the  lever  is  de- 
pressed, and  conversely.  The  regulation  for  depth 
at  the  rear  end  is  by  set  screws.  The  prones  are 
self-cleaning,  having  the  arched  form  of  Wilkie's  ; 
the  rear  set  split  the  balks  left  by  those  preceding. 

Finlayson's  cultivator  is  shown  at/. 

Wilkie's  horse-hoe  and  drill-harrow  g  (Scotland, 
1820)  has  a  central  fixed  share  and  adjustable  side 
shares,  which  are  expanded  or  contracted  according 
to  the  state  of  the  crop  or  the  width  of  the  balk. 
Following  the  shares  is  a  frame  with  harrow-teeth. 
Either  the  share  or  the  harrow-teeth  may  be  re- 
moved, and  the  remainder  used  separately.  The 
depth  is  adjusted  by  the  caster-wheel  in  front. 

A  shows  another  form,  somewhat  modified. 

In  Fig.  1545,  a  is  Colman's  cultivator,  and  that 
below  it  is  known  as  a  skim-cultivator,  with  a  long, 

Fig.  1546. 


Cuitipator. 

dependent  motion.     Their  clevises  embrace  posts 
shackled  to  the  cnniage. 

Col'ti-va'tor-plow.  A  plow  use*l  in  tending 
crops,  such  as  ahuvel-plow,  a  aoublc  shovel-plow,  etc. 
See  Cultivator. 

Cul've-rin.  {Ordriance.)  A  cannon  of  the  six- 
teenth century  ;  from  9  to  12  feet  long,  6^  inches 
bore,  and  carrying  18-pound  round-shot.  A  demi- 
culverin  w^as  a  9-pounaer. 

Cannon  in  those  times  were  named  after  reptiles 
and  rapacious  animals ;  as,  for  instance,  — 

Culverin  (couleuvrine.  Ft.),  serpent,  from  the 
snake  {coluber),  which  was  formed  upon  it  to  consti- 
tute handles. 

Muskef.  {mtsquet,  Fr. ),  sparrow-hawk. 

Dragon  (Fr. )  was  the  name  of  a  certain  form  of 
mitsquet,  and  survives  in  the  woi-d  dragoon. 

Falcon  was  an  ancient  name  of  a  certain  grade  of 
ordnance. 

Col'vert.  A  drain  or  water-way  of  masonry  be- 
neath a  road  or  canal.  It  is  a  bridge  or  viaduct  on 
a  small  scale. 

Col'ver-tailed.  Dovetailed.  {Quiver,  Anglo- 
Saxon,  pigeon.) 

Cum'ming.  (Brewing.)  A  vessel  for  holding 
wort. 

Ca-nette'.  {Fortificalwn.)  A  small  ditch  in  the 
middle  of  a  dry  ditch,  to  drain  the  water  off  the 
place. 

Fig.  1648. 


Cultivator 


Cup'SurJacrd  Boiler. 
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Cnp.    1.  The  dtep  of  the  capstan-spindle. 
2.  A  hollowed  portion  or  object,  to  hold  a  liquid. 
8.  A  glass  placed  above  a  scarified  place,  to  ex- 
tract blood  in  cupping. 

4.  One  of  a  senes  of  little  domes  (A)  attached  to 
a  boiler-plate  and  serving  to  extend  the  fire-surface. 
In  Fig.  1548  the  device  is  shown  as  attached  to  a 
Cornish-boiler,  the  cupe  projecting  into  the  water, 
and  tubes  B  passing  through  the  water-chamber. 
C  are  pipes  connecting  the  jacket  on  the  interior 
water-space.  D,  the  outer  water-space.  £,  passage 
to  admit  air  to  the  fire-bridge,  e,  nir-induction  valve. 
Cu'peL  A  porous  vessel,  usually  made  of  pul- 
veiized  bone-ashes,  and  employed  in  assaying  for 

separating    the 

Fig.  1M9.  -^         precious  metals 

^  '*         from  their  oxy- 

dizable  alloys. 
Cupels  are  made 
in  a  mold  mth 
a  die  having  a 
boss-like  pro- 
jection for  form- 
ing the  cavity 
for  containing 
the  specimens 
to  be  assaved. 
Those  used  in 
the  British  mint 


Cupel-Mold. 


are  made  of  the  cores  of  ox-horns  burned  and  pul 
verized. 

Cupels  of  bone  earth  are  described  by  the  great 
Arabian  chemist  Djafar,  who  lived  about  A.  D.  875. 
He  was  the  discoverer  of  nitric  add  and  aqua-regia. 
See  Alembic. 

Ca'pel-la'tion.  An  alloy  of  silver  and  lead  is 
exposed  to  a  red  heat  on  the  floor  of  a  muflle,  where 
a  current  of  air  plays  over  its  surface.  The  lead  is 
converted  into  the  protoxide,  melts,  and  nins  off, 
leaving  the  refilled  mver. 

In  assaying  silver  it  is  purified  in  a  small  cupel 
subjected  to  an  oxydizing  neated  blast.  This  leaves 
it  pure  silver,  the  lead  passing  into  the  porous  vessel. 

The  assay  of  ^old  is  more  complex.  The  copper 
and  other  oxydizable  metals  are  removed  by  cupel- 
lation  with  lead,  A  large  excess  of  silver  is  then 
added  to  the  alloy,  which  is  rolled  into  a  sheet  called 
a  comet.  The  silver  is  dissolved  out  with  nitric 
acid,  which  leaves  the  gold  as  a  sponge.  This  is 
called  parting. 

The  process  of  refinyig  silver  with  lead  in  a  fur- 
nace is  described  by  Ezekiel,  and  is  regarded  by 
Napier  as  substantially  coincident  with  the  modem 
cupellation. 

Ca'pel-lo.    A  small  furnace  for  assaying. 

Cu'pel  Py-rom'^ter.  An  alloy  pyrometer  which 
indicates  the  heat  by  incipient  or  total  liquefaction. 

Ca'po-la.  1.  (Archiiecture.)  a.  A  lantern  or 
small  apartment  on  the  summit  of  a  dome. 

b.  A  spherical  or  spheroidal  covering  to  a  build- 
ing or  any  i>art  of  it. 

2.  (MskUlurgy,)  a.  Afnrattoe  for  melting  metals 
for  casting.    See  Cupola-furnace. 

6.  A  furnace  for  heating  shot  to  be  fired  at  ship- 
ping and  other  inflammable  objects. 

Cu'po-la-far'naoe.  A  furnace  for  melting  iron 
in  a  foundiy. 

The  name  is  derived  from  a  cupola  or  dome  lead- 
ing to  the  chimney,  which  is  now  frequently  omitted. 
A  cupola  of  ordinary  size  may  be  thus  described  :  — 

At  the  base  is  a  pedestal  of  brickwork  20  to  30 
inches  high,  upon  which  stands  a  ca.st-iron  cyliuder 
from  30  to  40  inches  diameter,  and  5  to  8  feet  high  ; 
this  is  lined  with  fire-clay,  brick,  or  other  refractory 


matter,  which  contracts  its  internal  diameter  to  from 
18  to  24  inches.  The  furnace  is  open  at  the  top  for 
the  escape  of  the  flame  and  gases,  and  for  the  admis- 
sion of  the  chai^,  consisting  of  pig-iron,  waste  or  old 
metal,  coke,  and  lime  in  due 
proportion.     The  lime  acts  Fig  1550 

as  a  flux,  and  much  assists 
the  fusion  ;  chalk  or  oyster- 
shells  are  used  where'  con- 
veniently accessible. 

At  the  back  of  the  furnace 
are  several  tuyere-holes,  one 
above  another,  through  which 
the  air  is  urged  by  a  blower. 
As  the  fluid  metal  collects 
below,  the  air  is  admitted  at 
a  higher  aperture,  and  the 
lower  blast-hole  is  stopped. 

The  front  of  the  furnace 
has  a  lai^  opening  at  which 
clinkers,  slag,  and  uncon- 
sumed  fuel  are  removed  when 
cleaning  the  furnace.  This 
aperture  is  closed  by  a  guard- 
plate,  fixed  on  by  staples  at- 
tached to  the  iron  case  of  the 
furnace.  In  the  center  of  the 
guard-plate  is  the  tapping^ 
hole,  which  is  closed  during 
the  melting  by  a  ramming 
of  sand. 

Some  furnaces  are  maderec* 
tangular  or  cylindrical,  with 
separate  plates  like  staves, 
bound  by  noops,  so  that  the  Cupola-Fumaci. 
furnace  may  be  taken  down 
if  the  charge  should  accidentally  become  solidified 
therein. 

Cupolas  are  built  on  a  scale  much  exceeding  the 
one  just  described  ;  the  capacity  of  such  may  be 
gathered  from  the  articles  Cannon,  Anvil, 
Statuary,  BRLii,  etc.  A  lai^e  cupola  for  anv\)- 
casting  is  74  inches  in  diameter,  lined  with  fire- 
brick, and  having  a  melting  capacity  of  twdve  tons. 
It  has  three  tuyeres,  9  inches  area  at  the  mouth,  and 
situate  on  three  sides  of  the  circle.  The  holes  are 
in  four  series.  The  blast,  for  this  and  three  other 
furnaces,  is  from  two  revolving  fans,  6  feet  diameter, 
and  making  1,000  revolutions  per  minute. 

In  Fig.  1551  is  shown  a  combination  of  the  re- 
verberatory    and    smelting-fumace,  in    which   the 

Fig.  1661. 
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chai*^  is  first  heated  on  the  heartli  of  the  former, 
and  from  thence  runs  or  is  poled  into  the  cupohi. 
The  heat  pofising  from  the  latter  is  utilized  in  the 
preliminary  heating  of  the  charge. 

Capped.  (Machinery.)  Depressed  at  the  center. 
Dished.  The  depression  around  the  eye  of  a  mill- 
stone is  called  the  bosom. 

Cap'pixig  In'stru-ment.  The  most  ancient  form 
of  capping  was  a  .sucking  action  by  means  of  the 
mouth.  Job  refers  to  sucking  the  poison  of  asps  ; 
from  a  wound,  doubtless.  Machaon  "sucked  forth 
Uie  blood  "  from  the  wounds  of  Menelaus.  Eleanor, 
the  queen,  drew  the  poison  from  the  woinnds  of  her 
husband,  the  Enjy^lish  king.  Tubes  were  early  sub- 
stitate<l  for  the  lips,  to  avoid  contact  of  the  purulent 
matter  with  the  mouth.  Blood-letting  is  still  per- 
formeii  by  the  Hindoos,  Chinese,  and  Malays,  by 
means  of  a  copper  cup  and  tube,  the  mouth  being 
applied  to  the  latter. 

In  the  late  Dr.  Abbott's  museum  of  Egyptian  An- 
titiuities.  New  York  City,  are  three  of  the  ancient 
cupping-horns,  similar  to  those  used  through  the 
East  at  the  present  time.  The  operator  e.xhausts 
the  air  through  a  small  hole  at  the  point  of  the  hom, 
to  which  he  applies  his  mouth,  and  then  covers  it 
with  a  piece  of  leather,  which  is  attached  to  it  for 
that  purpose.  They  were  found  in  tombs  at  Sak- 
karah. 

Cupping-instruments  are  described  by  Hippocrates 
413  B.  c,  and  by  Celsus  20  B.  c. 

Hero  of  Alexandria  states  that  the  instrument  id 
intended  to  be  used  without  fire,  referring  to  the 
practice  then  in  vogue  of  rarefying  the  air  within 
the  tube  as  a  melius  of  obtainins^  a  partial  vacuum. 
The  cupping-glass  {A^  Fig.  1552)  described  by  Hero, 
has  an  outer  chamber  with  an  open  mouth  a,  and  an 
inner  chamber  6,  divided  from  the  fonner  by  a 
diaphragm  / ;  w  is  a  valve  which  governs  the  open- 
ing e  in  the  diaphragm  ;  the  valve  d  governs  the 
opening  e  by  which  the  chamber  b  is  connected  with 
tne  external  air.  The  valve  d  being  ojtened  and  the 
-valve  m  closed,  the  mouth  is  applied  to  the  opening 
c,  and  a  powerful  inspiration  is  taken,  rarefying  the 
air  in  chanibv^r  b.  This  is  repeated  until  the  va(;uum 
in  6  Is  as  perfect  as  can  be  obtained  by  means  of 
human  inspimtion  and  the  muscles  of  the  mouth. 
The  opening  of  a  is  then  applied  to  the  skin  of  the 
])atient,  and  the  valve  m  being  turned  **  into  the 
void  thus  created  [in  a]  both  the  flesh  and  the  mat- 
ter about  it  will  be  drawn  up  through  the  interstices 
of  the  flesh,  which  we  call  invisible  s]»aces  or  pores." 

Contrary  to  common  opinion,  glass  was  well  Known 
in  Egypt  1500  yeara  before  Hero. 

In  the  cupping-apparatus  B  (Fig.  1552),  the  glass 
cylinder  has  a  lip  attached  suitable  for  application 
to  the  skin,  or  to  the  nipple  when  used  as  a  bi*east- 
pump.  A  central  rod  a  has  a  disk  with  lancets 
whicn  act  as  scarifiers,  and  the  air  is  exhausted  from 
the  cylinder  by  means  of  a  piston  in  the  tube  b  at- 
tached. Detached  from  the  blood-receiver  «,  the  air- 
pump  may  be  used  as  a  syringe. 

In  the  cupping-instniment  C  the  receivers  is  con- 
nected by  a  flexible  pipe  b  with  the  nozzle  of  an 
ordinary  syringe  e.  The  sides  of  the  concentric 
chaml)er  aflbrd  an  extended  bearing  for  the  cup,  and 
prevent  its  being  driven  into  the  body  by  the  pres- 
sure of  the  atmosphere. 

In  the  instrument  D  the  glass  has  an  elastic  bulb 
6,  by  which  the  partial  exhaustion  is  effected,  and 
has  also  an  adjustable  disk  provided  with  punctur- 
ing points  to  lance  or  irritate  the  skin. 

J?  (Fig.  1552)  is  a  puncturing  and  cupping  ap- 
paratus, in  which  the  scarifier  is  placed  axially 
within  the  hollow  piston-rod  e,  which  works  in  a 


stuffing-box  on  the  cylinder  g.  In  using,  the  air  is 
exhausted  from  g  by  the  motion  of  the  piston  e, 
operated  by  the  Imndle  d.     To  puncture,  the  needle- 


Fig.  1552 
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bar  b  receives  a  quick  downward  thrust,  forcing  the 
needles  on  K  into  the  protuberant  flesh  within  the 
cup.  The  spring  returns  the  needle-bar  and  disk  to 
lM)sition. 

Dry  cupping  is  the  application  of  air-exhausted 
cups  to  an  unscarified  place  to  excite  the  part,  and 
on  an  extended  scale  is  known  as  a  Depvrator 
(which  see).  This  was  patented  in  England  by  N. 
Smith,  1802.  The  cup  is  applied  to  the  patient 
topically,  or  an  arm  or  leg  may  be  placed  within  a 
suitably  shaped  chamber,  a  flexible  india-rubber  lip 
adhering  to  the  person  an (i  excluding  outer  air  when 
the  air-pump  is  worked.  In  the  larger  fonn  the 
patient  is  inclosed  in  the  chaml)er  all  but  the  head, 
or  entirely,  as  in  the  Air-bath  (which  see).  The 
action  of  the  skin  in  each  case  is  excited  by  the  par- 
tial removal  of  external  atmospheric  pressure. 

Cup-valve.    {Steam-engine.)    a.   A  cup-shaped 
or  conical  valve,  which  is  guid- 
e<l  by  a  stem  to  and  from  its 
flaring  seat. 

b.  A  form  of  balance-valve 
which  opens  simultaneously  on 
top  and  sides. 

c.  A  valve  formed  by  an  in- 
verted cup  over  the  end  of  a  Cvp-Valve. 
pipe  or  opening. 

Curb.  A  fortified  edge  or  marginal  stiiicture,  to 
confine  or  protect  an  object,  or  maintain  its  shape 
asrainst  external  or  internal  pressure. 

1.  (Hydraulic  Engineering.)  a,  A  stoned  or 
boarded  structure  around  a  well,  to  keep  back  the 
surrounding  earth.  In  Fig.  1554  is  shown  the  curb 
of  the  pumping- well  of  the  Chicago  "Water- "Works, 
which  was  sunk  29  feet,  mostly  through  quicksand. 
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rig.  1554 


Cylindrieal  Weli-Citrb  of  Chirago  Water- Works. 

It  was  314  feet  internal,  87  feot  external,  diameter, 
built  of  hard  brick  laid  in  hydraulic  mortar,  and 
plastered  inside  and  out.  It  was  banded  every  three 
feet  with  band-iron,  and  weighed  440  tons.  It  was 
constructed  upon  a  shoe  of  82  tons  weight,  made  in 

eight  segments 
'^'^  I  "»'»'>.  bolted  togeth- 

er, and  the 
interiorwas 
dredged  out 
without  re- 
moving the 
water,  to  avoid 
the  unsettling 
of  the  engine- 
foundations  in 
the  vicinity. 

In  sinking 
the  curb 
through  dry 
strata  or  thase 
in  which  the 
water  may  be 
removed  by 
pumping,  the 
eaith  Ls  ex- 
cavated by 
digging  as  the 
work  pro- 
ceeds, and 
building  up  as 
the  structure 
descends.  In 
sinking  wells 
by  sections 
which  are 
curbed  before 
another  sec- 
tion is  exca- 
vated, the 
earth  is  re- 
moved from 
the  central 
part  and  struts 
inserted,  to 


hold  the  upper  section  while  the  other  is  built  be- 
neath. 

Iron  curbs  are  of  boiler-iron  or  of  cast-iron  seg- 
ments bolted  together,  rings  being  added  at  the  top 
as  the  structure  descends.  The  well  at  Southampton, 
England,  was  some  hundreds  of  feet  in  depth,  and 
curbed  in  this  way.  It  was  intended  to  be  artesian, 
but  the  water  did  not  thus  respond. 

b.  A  boarded  structure  to  contain  concrete,  which 
hardens  and  acts  as  a  pier  or  foundation. 

c.  The  outer  casing-wheel  of  a  turbine.  It  is  a 
cylinder  inserted  into  the  floor  of  the  forebay,  inclos- 
ing the  wheel  which  rotates  Nvithin. 

d.  A  curved  shrouding  which  confines  the  water 
against  the  floats  or  buckets  of  a  Scoop-wheel  or 
Breast- WHEEL  (which  see). 

e.  The  inclosure  which  leads  water  from  a  forebay 
to  a  water-wheel.     Also  called  a  -mantle. 

2.  A  breast-wall  or  retaining  wall  to  hold  up  a 
bank  of  earth. 

8.  The  edge-stone  of  a  sidewalk,  pavement,  or 
trottoir. 

4.  (Carpentry,)  a.  The  wall-plate  at  the  spring- 
ing of  a  dome. 

0.  The  circular  plate  at  the  top  of  a  dome  into 
which  the  ribs  are  framed. 

c.  *rhe  wall-plate  on  the  top  of  the  permanent  por- 
tion of  a  windmill,  on  which  the  cap  rotates  as  the 
wind  veers. 

5.  An  inclined  circular  plate  around  the  margin 
of  a  soap  or  salt  kettle,  to  return  what  boils  over. 

6.  {Harness.)  A  chain  or  strap  behind  the  jaw  of 
a  horse,  connected  at  its  ends  to  the  rings  on  the 
upper  ends  of  the  branches  of  a  .stiff'-bit,  and  form- 
ing a  fulcrum  for  the  branches,  which  act  as  a  lever. 
See  Bit. 

Curb-beam.  A  beam  of  a  wooden  bridge  to  con- 
fine the  rond  material. 

Curb-bit.  A  stiflf-bit  having  branches  by  which 
a  leverage  is  obtained  upon  the  jaws  of  a  horse. 
The  lower  end  has  rings  or  loops  for  the  reins,  and 
the  upper  end  has  loops  for  the  curb-chain  and  the  , 
cheek-straps  of  the  head-stall.  The  curb-chain  has 
usually  twisted  links,  and  is  fast  by  one  end  to  the 
loop  01  the  off  branch,  and  is  hooked  to  the  loop  of 
the  near  branch.  It  forms  the  fulcrum  for  the  lev- 
erage of  the  branches.    See  Bit. 

Curb-pins.  {Horology.)  The  pins  on  the  lever 
of  a  watch-regulator  which  embrace  the  hair-spring 
of  the  balance  and  I'egulate  its  vibrations. 

Curb-plate.  The  wall-plate  of  a  ciixsular  or 
elliptical  dome  or  roof. 

Fig  1558. 
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Curb-roof.  {Building.)  A  roof  with  canted 
bloiies  ;  having  two  sets  of  rafters  with  different  in- 
clinations. Otherwise  called  a  Manaard-roof,  after 
the  French  architect  who  frequently  adopted  it  ;  or 
a  (/anibrel'1'oo/f  from  its  crooKed  shape,  lilce  the  hind 
legof  a  horse. 

The  view  on  the  left  represents  a  section  of  roof. 
A  is  the  rafter,  the  foot  of  which  projects  over  the 
plate  B.  C  is  the  cornice,  in  which  is  built  the  gut- 
ter, the  metallic  lining  of  which  extends  nearly  to 
the  top  of  the  plate  B.  E  is  a  bed- mold  covering 
the  ends  of  the  rafters.  F^  slates  or  shingles  run- 
ning over  the  edge  of  the  bed-mold  E,  The  view  on 
the  right  shows  an  elevation  of  one  of  these  roofs 
with  dormer-window. 

Cur-ou'lio  Trap.  A  tray,  or  a  cincture  of  fiber, 
attached  to  the  trunk  of  a  plum,  apricot,  or  other  cur- 
culio-ravaged  tree,  to  intercept  the  insects  which 
climb  up  the  bark. 

Curo-break'er.  A  frame  of  wires  or  slats  which 
is  worked  to  and  fro  in  a  vat  of  cheese-curds,  to 
break  the  latter  into  small  pieces  and  enable  the 
whey  to  drain  off.     A  curd-butter. 

Cord-cut'ter.  A  spindle  wjth  revolving  knives 
on  an  axle,  for  cutting 
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the  curd  to  expedite 
the  separation  of  the 
whey.  (6,  Fig.  1557.) 
Another  form  of  curd- 
cutter  (a)  is  a  hoop 
wdth  a"  diametric  knife 
having  an  arched  stem 
and  wooden  handle. 
It  is  used  by  an  u 


1  up- 
,  the 


and-down  motion, 
curd  l)eing  in  a  tub. 

Ciirl'ii^-i'roiL  A 
heated  rod,  or  a  tube 
with  an  internal  heat- 
er, around  which  hair 
is  bent  and  pressed  to 
curl  it. 

Qtrd' Cutter*.  The  curling-iron  of 

the  Romans  was  hol- 
low, and  named  calamiistruin,  from  its  resemblance  to 
a  reed  (calamus).  The  use  was  common  among  both 
sexes  in  the  imperial  city.  It  was  the  duty  of  the 
slaves.  The  same  practice,  there  is  no  doubt,  obtained 
in  Egypt.  The  laaies  of  the  latter  land  prided  them- 
selves m  magnificent  coiffures,  as  we  see  in  the  works 
of  Lepsius,  Rossellini,  Champollion,  etc. 

The  beards  of  the  kingfi  of  Nineveh  and  other 
kingdoms  of  the  basin  of  the  Euphrates  and  Tigris 
were  no  doubt  indebted  to  the  curling  iron  or  tongs ; 
their  beards  fell  in  splendid  ringlets  over  the  throat 
and  chest. 

Curring-tongs.  A  tongs  having  one  round 
member  and  one  w^mi -tubular,  between  and  around 
which  hair  is  wound  to  curl  it. 

Cur'rent.  The  fall  or  slope  of  a  platform  or 
sheet-metal  roof,  to  carry  off  the  water.  Gutters 
usually  have  a  current  of  i  inch  to  the  foot. 

A  flow  of  water.  The  direction  is  the  set  of  the 
current  ;  the  rate  is  the  drift  of  the  current. 

Cur'rent-fend'er.    A  structure  to  ward  off  the 
current  from  abank  which  it  may  otherwise  undermine. 
Cur'rent-gage.    See  Current-meter. 
Cur'rent-me'ter.    An'  instrument  for  measur- 
ing the  velocity  of  currents. 

1.  The  Pilot  tube  (a,  Fig.  1558),  which  acts  by  the 
ascension  of  water  in  a  bent  pipe  whose  lower  orifice 
is  presented  squarely  to  the  current,  the  indication 
beiflg  read  by  a  float  or  graduation  in  or  upon  the 
vertical  part  of  the  tube. 


Fig.  1668. 
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Current-Meters. 

2.  One  (b)  which  acts  as  a  dy- 
namometer, by  opposing  a  resisting  ■ 
body  to  the  action  of  the  current, 
and  indicating  the  force  of  the  ac- 
tion by  a  dial  or  graduated  bar. 
This  is  Boileau's.  

3.  The  dynamometer  current-gage  of  Woltmaim, 
1790,  is  a  light  water-wheel  operat^  by  the  current, 
and  having  on  its  axis  an  endless  screw,  which  op- 
erates toothed  wheels  and  a  register,  the  mte  or 
force  l)eing  deduced  from  the  rotations  in  a  given 
time. 

The  velocimeter  is  a  similarly  constructed  instni- 
ment  with  a  converse  application,  bein^  a  spiiul 
wheel  attached  to  a  ship  and  showing  by  its  revolu- 
tions the  rate  of  progression  of  the  vessel  through 
the  water. 

The  technical  language  in  which  the  flow  of  water 
and  its  channels  are  known  and  described  is  as  fol- 
lows :  — 

Bed ;  the  water-course,  having  a  bottom  and  two 
sides  or  shores.  When  the  latter  an?  descrilied  as  right 
or  left  hand,  going  down  stream  is  assumed. 

The  traiisverae  section  is  a  vertical  plane  at  right 
angles  to  the  course  of  the  current.  The  perimeter 
is  the  length  of  this  section  in  the  bed. 

The  longitudinal  section  or  profile  is  a  vertical 
plane  in  the  course  of  the  flowing  water. 

The  slope  or  declivUy  is  the  mean  angle  of  inclina- 
tion of  the  surface  of  the  water  to  the  horizon. 

The/aZZ  is  the  difference  in  the  hight  at  any  two 
points  of  determinate  di&tunce  apart ;  as,  for  instance, 
8  inches  to  the  mile. 

The  line  of  current  is  the  point  of  maximum  ve- 
locity. 

The  mid-channel  is  the  deepest  part  of  the  bed. 
The  velocity  is  greater  at  the.  surface  than  the  bed. 
The  surface  is  higher  in  the  current  than  at  the 
shore  when  the  river  is  rising,  lower  than  at  the 
shore  when  the  river  is  falling. 

Herodotus  (II.  4,  5)  reports  the  Egyptian  priests 
assaying,  that  in  the  time  of  Men  [MenesJ  "all 
Egypt,  except  the  Thebaic  canton,  was  a  marsh,  none 
of  tnc  land  below  Lake  Mceris  then  showing  itself 
above  the  surfat^  of  the  water.  This  is  [now]  a  dis- 
tance of  seven  days  sail  from  the  sea  up  the  river. 
What  they  said  of  their  country  seemed  to  me  very 
reasonable ;  for  any  one  who  sees  Egypt,  without 
having  heard  a  word  of  it  before,  must  perceive,  if 
he  have  only  common  powers  of  observation,  that 
the  l^pt  to  which  the  Greeks  go  in  their  shins  is 
an  acquired  country,  the  gift  of  tne  river."  Wilkin- 
son contradicts  the  statement,  very  unreasonably. 

In  this  connection  it  may  be  remarked  that  the 
alluvial  plain  at  the  mouth  of  the  Meander,  in  Asia 
Minor,  has  been  advanced  toward  the  sea,  in  the  his- 
toric times,  a  distance  of  twelve  or  thirteen  miles. 

At  Ephesus  there  is  now  a  plain,  of  three  miles 
width,  between  the  temple  and  the  sea,  which  has 
been  entirely  created  since  the  days  of  Herodotus. 

Ostia,  the  former  port  of  Rome,  is  now  many  miles 
inland. 
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Herodotus  referi-ed  (450  B.  c.)  to  the  action  of  the 
river  Meaiidt^r,  and  ahjo  stattid  that  "  the  river 
Achelous,  which,  after  passing  through  Acamania, 
empties  itself  into  the  sea  opposite  to  tlie  islands 
Ecninades,  has  ah*eady  ioined  one  half  of  them  to 
the  continent."  —  13ook  IL  ch.  10. 

The  volume  of  water  poured  during  twenty-four 
hours  into  the  Mediterranean  by  the  Nile  is,  — 


When  low 
When  high 


150,506,392,868  cubic  meters. 
706,614,667,440      *' 


The  Nile  at  the  first  cataract,  at  Assouan,  is  300 
feet  above  its  level  at  Cairo  (578  miles),  and  365 
feet  above  the  Mediterranean  (578-1-154  to  the  Ro- 
setta  month  =  732  miles).  The  fall  from  Assouan 
to  Cairo  is  therefore  about  0.54  feet  per  mile  ;  from 
Cairo  to  the  Damietta  mouth,  alwut  .81  feet  per 
mile.  From  Assouan  to  Damietta  mouth,  an  aver- 
age of  0.524  feet  per  mile. 

The  Nile  deposit  is  estimated  by  Wilkinson,  at 
Elephantine,  as  equal  to  nine  feet  in  1700  years  ;  at 
Tliebes,  seven  feet  in  an  equal  period. 

According  to  Herodotus,  a  rise  of  the  Nile  equal 
to  8  cubits  overflowed  all  Egypt  below  Memphis, 
in  the  time  of  Moeris  :  **  Now  Moeris  had  not  oeen 
dead  900  years  when  1  heai-d  this  of  the  priests, 
yet  at  the  pi-eseut  ilay,  unless  the  river  rise  15  or  16 
cubits,  it  tloe^  not  overilow  the  land."  —  Hebodo- 
TU8,  II.  13.     See  N1L0.METER. 

The  mean  annual  discharge  of  the  Mississippi  \h 
calculated  at  19,500,000,000,000  cubic  feet,  carry- 
ing down  812,500,000,000  pounds  of  sedimentary 
matter,  equal  to  one  square  mile  of  deposit  241 
feet  in  depth. 

The  river  advances  into  the  Gulf  262  feet  per  annum. 

nie  fall  of  the 

Lower  Mississippi  per  mile  is   .        .     .32  of  a  foot. 
Ohio  per  mile  is .         .         .         .          .43    **     ** 
Missouri  below  Foi-t  Union  per  mile  is    .95    **     ** 
Upper  Mississippi  below  St.  Paul  per 
mile  is 42    **     *' 

Cur'rent-milL  A  mill  driven  bv  a  current- 
wheel,  and  usually  on  board  a  moored  vessel  with 
stream-driven  paddles. 

The  first  notice  of  current-mills  is  the  account  of 
the  recoui-se  had  to  them  by  Belu^arius,  a.  d.  636, 
when  the  Romans  were  besieged  by  Vitiges  the 
Ostragoth,  who  had  cut  the  fourteen  aqueducts 
which  brought  water  to  the  imperial  city.  The 
surplus  water  of  the  nipieducts  drove  the  grain- 
mills  of  the  city,  and  the  recourse  had  by  Belisarius 
to  moored  twin-vessels  provided  with  fiaddles,  and 
tlie  mills,  enabled  the  people  to  cat  bread  instead  of 
parched  wheat  and  frumenty. 

The  German  crusaders  in  the  eleventh  century 
burnt  seven  floating  milh  on  a  stream  in  Bulgaria,  — 
a  pretty  fair  si)eciinen  of  the  crusa»ling  rabble. 

The  current-wheel  of  Belisarius  was  patented  by 
Hawkins  in  England  in  1802,  and  by  several  other 
parties  before  and  since,  both  thesHj  and  here.  See 
Current- WHKKL. 

Cur'rent-reg'u-la'tor.  {Telegraphy,)  A  device 
for  determining  the  inten.sity  of  the  cuiTent  allowed 
to  pass  a  given  point.  It  usually  consists  of  inter- 
posed coils  of  gn?att?r  or  less  resistance. 

Cur'rent-wheeL  The  current-wJieel  is  pi*rhaps 
the  first  application  of  the  force  of  water  in  motion 
to  driving  machinery.  The  noria  has  been  in  use 
for  thousands  of  years  in  Egypt,  Persia,  Arabia, 
and  Syria,  and  was  introducinl  by  the  Romans  or 
Saracens  (probably  the  latter)  into  Spain. 

The  noria,  as  a  water-wheel,  has  ra'lial  floats, 
which  are  sufficiently  submei^ed  in  the  current  of 


the  river  to  be  acted  upon  b}'  the  water  and  give  ro- 
tation to  th<;  wheel  on  its  horizontal  axis.  On  the 
side  of  the  wheel  near  its  periphery  are  pivoted 
buckets,  which  fill  as  they  dip  beneath  the  water, 
and  are  tipped,  on  ivaching  their  highest  el<;vation, 
by  contact  with  a  fixed  obstacle,  thus  dischai^ng 
their  contents  consecutively  into  a  chute  which  con- 
veys it  to  a  ivservoir.  Hundreds  of  these  wheels 
are  working  day  and  night  the  year  round  in  the 
rivei"s  and  streams  of  Syria  and  Palestine.  The 
noria  has  many  modifications  which  do  not  come 
within  the  denomination  of  ciirrenl- wheel.  The 
term  Na '  Ura  is  applied  in  Syria  and  Palestine  to  any 
device  which  has  pots  or  buckets  attached  to  a 
wheel  or  to  a  rope  passing  over  a  wheel,  tilled  with 
water  at  the  lowest  portion  of  their  revolution,  and 
discharging  into  a  cnute  at  their  highest  elevation, 
whether  worked  by  the  current  or  other^'ise.  See 
NouiA. 

The  tympanum  is  another  form  of  currenl-wheel, 
and  like  the  noria  has  an  Eastern  origin.  It  is 
frequently  called  the  Persian.  Unlike  the  noria,  it 
is  only  capable  of  lifting  water  to  a  height  about 
equal  to  its  radius,  while  the  noria  lifts  water  to  a 
height  nearly  e<[ual  to  its  diameter.  See  Tympanum. 

In  the  first  century  B.  c.  water-wheels  for  driving 
mills  were  used  in  Asia  Minor  and  on  the  Tiber. 
In  the  former  case  we  supjiose,  and  in  the  latter  cast* 
we  know,  that  these  were  current-whe4:ls. 

Strabo,  Vitnivius,  Pliny,  and  Procojiins  have 
described  them  at  various  times  from  70  B.  c.  to 
A.  D.  555.  They  were  used  on  the  Tiber  on  a  large 
scale  by  Belisarius,  during  the  siege  of  Rome,  when 
the  supply  by  the  aqueducts  was  cut  ofl*  by  the 
Goth  Vitiges,  in  the  reign  of  Jusdnian,  a.  p.  586. 

See    CUKRENT-MILL. 

The  tide  and  current  wheel,  erected  first  in  the 
vicinity  of  the  north  end  of  London  Bricjge,  and 
subsequently  under  its  northern  arch,  was  erected 
by  Peter  Morice,  a  Dutchman,  in  1582,  and  operftttnl 
force-pumns  which  supplied  a  part  of  London  with 
water.  The  stand-pipe  from  tne  pump  was  1 20  feet 
high,  and  conducted  the  water  to  a  cistern  at  that 
height,  where  it  was  distributed  to  the  dwelling- 
houses  in  the  vicinity,  and  by  four  lead-piries  to  cis- 
terns at  Bishopsgate,  Aldgate,  the  Bndge,  and 
Wall-brook.  The  amount  raised  was  about  216 
gallons  iwr  minute.  The  wheel  worked  sixteen 
)>umps,  each  7  inches  in  diameter,  and  having  a 
stroke  of  80  inches.  Several  other  similar  machines 
were  erected  at  other  points,  and  were  similarly 
driven. 

The  axle  of  the  trundle  was  prolonged  at  each  end, 
and  had  ijuadruple  cranks  which  connected  by  rods 
to  the  ends  of  four  Malking-beams  24  feet* long, 
whose  other  enc^s  worked  the  piston-rods'  of  the 
pumps.  The  axis  of  oscillation  of  the  lever  snp- 
I)orting  the  wheel,  and  by  which  it  was  at^usted  to 
the  state  of  the  tide,  was  coincident  with  the  axle 
of  the  trundle,  so  that  the  latter  engaged  with  the 
8-feet  cog-wheel  in  any  condition  of  vertical  adjust- 
ment. Each  end  of  the  walking-beam  was  made 
effective. 

During  the  seventeenth  and  eighteenth  centuries 
the  works  were  extended  from  time  to  time,  and  oc- 
cupied one  after  another  of  the  arches. 

in  the  first  arch  of  the  bridge  was  one  wheel 
working  sixteen  force-nhmps.  In  the  third  arch 
were  thn^e  \Vheels,  working  fifty-two  pumps.  The 
united  olfect  was  2,052  gallons  per  minute,  raised 
120  feet  high. 

In  1767  Smeaton  added  wheels  in  the  fifth  arch. 
Steam-engines  were  added  aliout  this  time  to  aftsist 
at  low  water  and  at  neap-tides.     Thus  the  matter 
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remHined  till  1821.  The  present  daily  supply  of 
water  to  London  is  equal  to  a  lake  of  50  acres,  3 
feet  deep. 

Stow,  the  antiquarian  and  historian,  describes  the 
works  in  1600  ;  and  Beightou  in  1731  gives  an  ac- 

Vlg.  lo69- 


E 


Cunent-Wiuel^  London,  1781. 

count  of  them  at  that  date.  The  water-wheels  at 
that  time  w^ere  placed  under  several  of  the  arches. 
The  axle  of  a  wheel  was  19  feet  long,  3  feet  diameter. 
The  radial  arms  supiwrted  the  rings  and  twenty-six 
floats,  14  feet  long  and  18  inches  wide.  The  axles 
turned  on  brass  gudgeons  supported  in  counterpoised 
levers,  which  permitted  the  vertical  adjustiuent  of  the 
wheel  as  the  tide  i-ose  and  fell.     On  the  axis  of  the 

Tig.  1600. 


H  feet  in  diameter  and  haying  20  i-ouuds,  and  whose 
iron  axle  revolved  in  brasses. 

Fig.  1560  is  an  illusti-ation  of  a  floating  frame  in 
which  au  undersfwt  wheel  is  joumaled  ;  the  frame 
as  ^presented  consists  of  two  scows  connected  by 
beams  and  having  a  skeleton  piow  to  ward 
off  driftwood.  The  prows  of  the  barges 
iiro  wedge-shaped,  to  direct  the  stream  into 
the  space  between  them  occupied  by  the 
water-wheel. 

A  curved  gate  conforming  to  the  circuip- 
ference  of  the  wheel  regulates  the  amount 
of  water  impinging  on  the  buckets  and 
consequently  the  speed  of  the  wheel,  and 
also  stops  the  wheel  by  cutting  oft*  the 
.stream  from  the  buckets.  The  main  or 
wlieel-shaft  carries  on  the  shoro  end  a  bevel- 
gear  that  drives  a  similar  gear,  from  the 
shaft  of  which  power  is  carried,  by  means 
of  pulleys  and  belts  or  shafting,  to  the  mill 
standing  upon  the  bank.  The  receiving 
pulley  and  shaft  are  himg  in  a  frame,  one 
end  of  which  is  hinged  or  invoted  to  the 
shore-side  float  or  scow,  ana  the  other  to 
the  mill-building.  Thus,  whether  the  water 
be  high  or  low,  the  belt  is  always  kept 
"  taut."  Chains  or  ropes  moor  the  floating 
scows  to  the  shore,  and  the  pivoted  frame 
holds  them  in  position. 

Cur'rl-ole.  A  two-wheel  chaise  with  a  pole  for 
a  pair  of  horses. 

Cur'rler's  Knife.  A  large,  two-handled  knife, 
with  a  recurved  edge,  employ wl  by  curriers  to  shave 
or  pare  the  flesh  side  of  hides. 

The  knife  is  about  12  inches  long  and  5  wide  ; 
one  end  has  a  plain  handle  and  the  other  a  cross- 
handle,  in   the    direction   of    the 
plane  of  tlie  blade.  The  edge  of  the 
knife  is  brought  up  by  means  of  a 

Fig.  1661. 


Currier's  Knifh. 

whetstone,  and  a  wire  edge  is  con- 
stantly preserved    by  a  steel  >vire 
which  acts  as  a  bumisher. 
Cur'rl-ex'B  Toola    See :  — 

Beam. 

Beam-knite. 

Cleaner. 

Clearing-stone. 

Cripjder. 

Currier's  knife. 

Horse. 

Mace. 

Pommel. 

Raising-board. 

Round  knife. 

Rub-stone. 

Slicker. 

Steel. 

Striking-knife. 

Unhairing-knife. 

CStrrmt-  Wheel.  Cur'ry-oard.  A  leather  or  wood  - 

en  slip  with  inserted  teeth  like 
wheel  was  a  cog-wheel  8  feet  in  diameter  and  having  [  those  of  wool-cards,  and  used  for  currying  ani- 
forty-four  cogs ;   this  meshed  into  a  trundle-wheel !  mals.  ^ 
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Cur'ry-ooinb.  An  implement  with  projectiiig 
serrated  ribs,  used  for  grooming  hoi-ses. 

In  the  sculptures  of  Nimroudis  i-epresented  a  tent 
within  which  a  groom  is  currying  a  horse. 

Cor'ry-ing.  The  process  of  shearing  the  green, 
tanned  skins,  to  bring  them  to  a  thickness,  and  af- 
terwards dressing  them  by  daubingy  graining,  and 
surface-finishing  ;  transmuting  the  tanned  skins  in- 
to merchantable  leather. 

The  mechanical  part  of  the  process  is  performed 
by  a  peculiar  knife  (see  Cuiirier's  Knife)  upon  a 
nearly  verti<ml  beam  over  which  the  hide  is  placed. 

The  mode  of  currying  skins  upon  a  slanting  beam 
or  board  is  shown  in  the  ancient  paintings  of  Kourna, 
Thebes.     SlicHnff  with  a  sharp  edffe  is  also  shown. 

Cur'r7-iiig--giove.  A  beavy  ^ove  having  a  pile 
of  coir  woven  into  a  hempen  fabric,  and  shaped  to 
the  hand.  Back  and  palm  are  alike,  and  eithei'  may 
be  use<l  for  curryiug. 

Cur'ttor.  A  part  of  a  mathematical  instrument 
which  slides  on  the  main  portion  ;   as,  — 

The  movable  leg  of  a  b^m-compass. 

The  joint  of  the  proportional  compasses. 

The  hand  of  a  barometer. 

The  beam  of  the  trammel. 

The  slide  of  a  Gunter  rule. 

The  adjustable  plate  of  a  vernier. 

The  moving  wire  in  a  reading  microscope. 

Cur'toil-Btep.  (Joinerg,)  The  bottom  step  of 
a  stairs,  when  finished  with  a  scroll  and  similar  to 
the  handrail. 

Cur'tain.  1.  {Fortification.)  That  portion  of  a 
rampart  which  extends  between  and  joins  the  flatiJcs 
of  two  haalions..    See  BajsTION. 

2.  [Locksmithing,)  A  shifting  plate,  which,  when 
the  key  is  withdrawn,  interjwses  so  as  to  screen  the 
inner  works  from  being  seen  or  reached  by  tools. 

3.  A  strip  of  leather  which  overlaj)s  tne  parting 
of  a  trunk. 

4.  A  dependent  cloth  serving  as  a  screen. 
Cur'taln-pa'per.    A  heavy  ^laper,  printed  and 

otherwise  ornamented,  for  window -shades. 

Cur'tal-axe.  A  short  sword  with  a  curvetl 
blade.  The  name  has  been  modified  from  time  to 
time  :  Coutal-hachc  ;  couUd-axe  ;  curtle-axe  ;  cur- 
tal-axe  ;  coiUe-laoe  ;  curte-lasse  ;  ciUlasa. 

Curve.  1.  A  draftsman's  instrument  having  one 
or  a  variety  of  curves  of  various  characters  other 
than  arcs,  which  may  be^  struck  by  a  compaas. 
Some  are  constructed  for  specitic  purposes,  sucn  as 
shipwright's  curves,  radii-curves,  etc. 

2.  A  bend  in  road,  canal,  or  railway ;  especially 
in  the  track  of  the  latter. 

Curved  Pump.  One  in  which  the  piston  re- 
ciprocates in  an  are. 

Rg.  1662. 


Cur'vi-lin'e-ar.  A  drafting  -  instrument  used 
in  describing  irregular  curves.  The  various  shapes 
of  its  mai^nal  outline  enable  it  to  be  fitted  into 
position  so  as  to  project  or  transcribe  the  curve  re- 
f[uired.  M.  Desalier,  of  Paris,  iuveuted  a  machine 
for  generating  the  curves  and  marking  out  the  pat- 
terns. It  is  capable  of  making  1,200  varieties  of 
curves. 

The  illustration  shows  one  adjustable  instrument. 
The  flexible  bar  ^  is  set  to  any  given  curve  by  the 
adjustment  of  the  ordinal  rods  S  in  the  bar  C.     It 


Fig.  1568. 


Curved  Pump. 


has  a  greater  range  of  capacity  than  the  arcograph, 
being  adapted  for  double,  irregular,  and  mixed 
curves. 

Curv'o-graph.  An  instrument  for  drawing  a 
curve  without  reference  to  the  center.  It  is  usually 
an  elastic  strip,  which  is  adjustable  to  a  given  curve, 
and  serves  to  transfer  the  latter  to  another  plat  or 
another  place  on  the  plat. 

Cushion.  1.  A  padded  seat,  back,  or  arm  of  a 
Kofa,  lounge,  or  chair. 

An  ancient  £g}'ptian  cushion,  made  of  linen  and 
stuffed  with  the 

feathers  of  water-  Fi«  1564. 

fowl,  is  preserved 
in     the     British 
Museum.      See  ^ 
Chair. 

2.  The  padded 
edge  of  a  billiard- 
table,  which  re- 
bounds the  balls. 

3.  {Engraving.) 
A  flat  leathern 
bag  filled  with 
pounce  and  sup- 

|)orting  the  plate.  BOUwrd^CuskUm. 

4.  (Gilding.) 

i  on  which  the  gilder  spreads  his  guld-leaf, 
»m  which  he  takes  it  by  a  camers-hair  tool 
k  tip. 

he  pillow  of  the  bone-lace  maker.  Pillow- 
made  by  hand,  and  is  of  several  kinds,  known 
nciennes,  Mechlin,  Honiton,  etc.  See  Lace. 
Electricity.)  The  rubber  smeared  with  amal- 
and  whose  friction  against  the  glass  cylinder 
sk  causes  the  electrical  excitation. 
irchitecture.)  a.  The  im[>ost-8toneon  a  pier. 
let. 

capital  of  a  column  so  sculptured  as  to  re- 
a  cushion  pressed  down  by  tne  weight  of  its 
ture. 

^team-engine.)    A  body  of  steam  at  the  end 

^^inder  to  receive  the  impact  of  the  piston. 

!  This  is  accomplished  by  closing  the  eduction-port  a 
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little  before  the  end  of  the  stroke,  or  by  opening  the 
induction -]K)rt  on  the  same  side  of  the  piston,  a  little 
before  the  end  of  the  stroke. 

Cush'ion-^aft'er.  (Carpentry.)  An  auxiliary 
rafter  beneath  a  principal  one,  to  sustain  a  great 
strain. 

Cusp.  (Architecture.)  An  ornament  in. stone- 
work of  the  Gothic  order.  It  consists  of  projecting 
points,  formed  by  the  meeting  of  curves,  and  is  the 
foundation  of  the  peculiar  foliation,  feathering,  tra- 
cery, archery,  and  panels  of  the  order. 

Cut.    1.  A  term  for  a  certain  quantity  of  yam. 

2.  The  style  of  the  notches  of  a  tile  ;  as,  — 


Rough  cut. 
Bastard  cut. 
Second  cut. 


Smooth  cut. 
Dead-smooth  cut. 


3.  Cut  of  a  letter  ;  its  size  and  shape. 

4.  Cut  of  a  ponton-bridge  ;  the  water-way  be- 
tween the  pontons. 

Cut-glass.  Flint-glass  ornamented  by  cutting 
avray  portions. 

The  decanter,  tumbler,  or  other  object,  is  held 
against  a  revolving  wheel,  whose  surface  is  provided 
with  a  grinding  material ;  and  afterwards  to  another 
wheel  with  a  polishing  powder. 

The  first,  or  cutting-wheelj  is  of  iron,  furnished 
with  sand  and  water. 

The  second,  or  smoothing-v^Yieel^  is  of  stone,  with 
clear  water,  to  work  out  the  scratches  of  the  grinder. 

The  third,  or  polishiiig-whee],  is  of  wood,  with 
rottenstone  or  putty-powder  for  polishing. 

Cut-in  Notes.  (Printing.)  Notes  which  occu- 
py spacer  taken  out  of  the  text,  whose  lines  are 
shortened  to  give  room  therefor. 

Cu'ti-seo'tor.     A  knife  consisting  of  a  pair  of 


Tifmann"*!  CiUiseetor. 


parallel  blades,  adjustable  as  to  relative  distance, 
and  used  in  making  thin  sections  for  microscopy. 

Cutlass.  Abbreviated  from  curtal-aax.  A  short, 
heavy,  curving  swoi-d  ;  especially  used  by  seamen  in 
boarding  or  repelling  boaitlers.  Rosalind  calls  it  a 
curt'e-ajT^. 

Cutler-y.  Knives,  swonls,  chisels,  and  axes 
were  originally  made  of  material  found  ready  to  the 
hand,  and  this  varied  with  the  place.  Among  the 
Caribs  they  were  made  of  shells  of  the  Strombus 
giyasy  which  is  still  fished  for  o(f  the  island  of  Bar- 
badoes.  Flint  knives  and  tools  were  used  in  almost 
all  parts  of  Europe  and  America ;  they  are  fonnd 
under  circumstances  which  indicate  that  man  was 
contemporaneous  with  a  number  of  extinct  animals, 
such  as  the  Bos  longifrotis,  the  Irish  elk,  the  EUphas 
primigeniuSf  and  others.  The  stone  knives  and 
nAtchets  of  this  prehistoric  period  are  found  in 
great  variety  and  number,  and  m  some  cases  a  blade 
or  edge  of  obsidian  was  secured  to  a  handle,  or  a  row 
of  arrow-heads  or  blades  fastened  in  the  grooved 
e<lge  of  a  stock,  forming  a  jagged  knife  or  saw.  This 
has  been  found  among  the  sepulchral  mounds  of  the 
Iroquois,  and  was  also  among  the  weapons  of  the 
people  met  by  Herrera,  who  says  :  "  The  Indians 
had  swords  made  of  wood,  having  a  gutter  in  the 
forepart,  in  which  were  sharp-edged  ffinta  strongly 
fixed  with  a  sort  of  bitumen  and  thread."  Among 
the  Mexicans  this  toothed  blade  was  armed  with 
obsidian,  and  the  Spaniards  found  it  a  very  destruc- 
tive wea(K)n.  Stephens  found  the  same  weapon 
represented  in  sculpture   in    the  ruins  of  Central  | 


America  and  Yucatan.  In  process  of  time  copper, 
then  bronze,  and  then  iron  and  steel,  were  intro- 
duced. For  analyses  of  the  ancient  bronzes,  see 
Alloys. 

In  the  Egyptian  mode  of  embalming  dead  bodies, 
and  in  practicing  the  rite  of  circumcision,  a  knife  of 
flint,  obsidian,  or  other  sharp  stone,  was  used.  We 
read  of  it  in  Exodus  where  Zipporah  took  a  sharp 
stone  and  used  it  for  the  latter  purpose.  Herodotus 
and  Diodorus  Siculus  also  refer  to-** sharp  Ethiopic 
stone  "  as  used  in  disemboweling  coipses  m  the  pro- 
cess of  embalming,  no  knife  of  metal  being  allowed 
to  be  used  upon  tne  body.  The  custom  of  using  a 
shard  of  flint  has  descended  to  our  day  among  some 
of  the  nations  who  retain  the  practice  of  circu'^n- 
cision. 

Under  the  head  of  cutlery  are  included  knives  of 
all  kinds,  scissors,  sheara,  razoi*s,  and  forks.  It  is 
only  by  a  stretch  of  the  terai  that  it  can  be  made  to 
include  edge-tools,  such  nsaxeB,  adzes,  chisels,  gouges, 
plane-bits,  etc.  These  ai-e  not  cutlery.  See  Knife  ; 
Scissors;  Shears;  Fork  ;  Razor;  Surgical  In- 
struments; Damaskeening;  Forging  ;  Temper- 
ing ;  Sword,  etc. 

Cut-mark.  A  mark  made  upon  a  set  of  wm*i)- 
thi-eails  befon?  placing  on  the  warp-l>eam  of  the 
loom,  to  mark  oil'  a  ceitain  definite  length,  the  mark 
defining  the  end  of  which  .shall  ap|H»ar  in  the  woven 
piece  and  aflbixi  a  measure  to  cut  by. 

Cut-naiL  A  nail  cut  from  a  nail-plate,  in  con- 
tradistinction to  one  forged  from  a  nail-rod,  as  a 
clasp,  horse-shoe,  or  fiat-head  nail. 

Mr.  Odion,  of  Massachusetts,  invented  a  machine 
for  making  cut-nails  in  1816.  Mr.  Reed,  of  the  same 
State,  followed  with  another  machine  for  the  same 
puipose. 

Walter  Hunt's  double-reciprocating  nail-machine 
was  introduced  in  1841.     See  Nail. 

Cut-off.  The  tei-m  is  applied  to  that  mode  of 
using  st<^am  or  other  elastic  fluid  in  which  it  is  ad- 
mitted to  the  cylinder  during  a  portion  only  of  the 
stroke  of  the  piston  ;  the  steam,  after  the  induction 
ceases,  working  expansively  in  the  (cylinder  during 
the  remainder  of  the  stroke  of  the  piston. 


Coriiss  Cut- Off. 


Digitized  by 


Google 


CUT-OFF. 


666 


CUT-OFF. 


vnnt^''s  Cut-Off. 


The  cut-off  in  locomotive-ongines  is  eflected  by  a 
certain  adjustinont  of  the  Link-motiox  (wliich  see). 
The  ciU'Offy  ill  many  steam-engines,  is  etfected  by 
the  governor,  which  is  so  connectnd  to  the  valve- 
gear  as  to  vary  the  throw  of  the  valve- rod,  modify- 
ing it  according  to  the  speed  of  the  engine  ;  the 
effect  being  that  an  accelemtion  of  spee«i  works  a 
diminution  of  stt^m  inducted  and  conversely,  the 
object  being  to  secure  uniformity  of  sjieed. 

The  CoRLiHS  cut-off,  1851  (Fig.  1566),  has  an 
oscillating  disk  a,  placed  centrally  on  the  cylinder 
with  four  pins,  to  which  rods  are  attached,  imparting 

motion  to  the 
valves.  Two 
of  the  rods 
b  b  connect 
l»ormanently 
with  the  ex- 
haust, and 
two  c  c  de- 
tachably  by 
springs  d 
and  hooks  c 
with  the  in- 
let -  valves. 
Cranks  /  on 
the  ends  of 
the  valve-stems  fit  into  the  hooks,  and,  l^ecoming 
detached,  close  the  valve  by  a  weight  g.  A  liftin:^- 
rod  hf  with  rack  operated  by  a  wonn-wheel  i,  and 
having  inclines  k  bearing  against  stops,  makes  the 
valves  adjustable. 

Winter's  cut-off,  1859  (Fig.  1567),  has  a  crank  on 
the  main  shaft,  which  imparts  motion  to  a  revolving 
sliaft,  arranged  between  the  upper  and  lower  steam- 
chests  ;  a  cam  a  on  the  shaft  operates  the  swinging 
toe  6,   which    is  pivoted  in  a 
Fig.  15ff4.  sliding,  adjustable   box  c  in  a 

guide.  A  recess  in  lower  side 
of  said  toe  allows  the  cam  to 
clear  the  toe  wiicm  working  full 
stroke,  and  the  comer  of  the 
recess  has  a  friction-roller  which 
is  stnick  by  the  cam,  causing 
the  lifters  d  to  ojierate  the 
valves.  Tlie  swinging  toes  drop 
when  the  cam  passes  them. 

In    Stevens's    cut-off,    1841 
(Fig.  1668),  a  rotary  shaft  a  is 

{)laced  between  the  upper  and 
ower  steam-chests  b  6,  and  has 
)    two  lifters  c  d  placed  on  oppo- 
a  site  sides  of  its  center,  which 
alternately  raise    and    depress 
the  valves  by  the  toes  e  on  the 
^  i-ock -shaft.     To  adjust  the  toes, 
~  a  .slot  and  pin  are  provided  in 
the  rock -shaft  arm.     To  cut  off 
shorter,     the     toes    must    be 
dropjHjd,  the  pin  raised,  and  the 
ec(rentric  set  ahead.     To  cut  off 
longer,  reverse  the  opt>ration. 

Allen  and  Wrlls'h  cut-off, 
1853  (Fig.  1569).  Upon  the 
rock-shaft  M  are  arranged  the 
loose  steam-toes  B  B,  with 
jiawls  E  K  pivote<l  to  their 
outer  ends,  which  are  raised  by  rollers  a  a  on  a 
cross-arm  (}  of  the  rock-shaft  arm  Fy  and  when  they 
clear  the  rollers  they  drop  inward,  thus  opening  and 
closing  the  valves.  To  adjust  them,  two  arms  H  H 
are  provided  with  a  right  and  left  hand  screw.  The 
arms,  having  motion  nearly  coincident  with  the 
piston,  start  downwards  at  the  same  time  the  rock- 


shaft  rises.  The  exhaust-toes  A  A  vlth  permanently 
attached. 

In  the  gridiron  valve  (A,  Fig.  1570)  the  steam- 
chest  Is  divided  by 

a  longitudinal  par-  Fig.  13C3. 

tition  b  provided 
with  suitable  ports, 
over  which  is  ai-- 
ranged  the  cut-olf 
valve  a,  and  in  the 
lower  part  of  the 
chest  is  the  usual 
slide-valve  c. 

In  the  MfiRUicK 
cut-off  (J?,  Fig.  < 
1570)  the  steam - 
valve  a  is  provided 
with  ports  through 
its  lower  part,  over 
which  the  cut-olf 
valves   b    b   slide. 

They  are  made  ad-  AUeiCs  Qa-Qff'' 

justable  by  a  right 

and  left  hand  screw  on  the  valve-st<mi  d,  by  which 
they  may  be  drawn  together  or  forced  apart.  In  the 
steam-chest  cover  are  arrangeil  adjustaole  lings  c  c, 
that  bear  on  the  back  of  the  valve  a  to  make  it  a 
balanced  valve.  The  space  inclosed  iu  the  rings 
connects  with  tlie  condenser. 

Sickrl's  cut-off  (Fig.  1571).  A  rock-shaft  a  oper- 
ated by  the  rod  b  from  the  eccentric  is  placed  mid- 
way of  the  steam-chests,  and  provided  with  the  usu- 
al toes,  by  which  the  lifters  c  and  rods  d  d  oi  the 
valves  are  operated.  To  seat  them  without  slam- 
ming, the  valve-stems  are  provided  with  dash-pots 
e  e  ;  and  to  seat  them  suddenly,  a  spring-catch  is  se- 
cured on  the  steins,  against  which  a  vibratory  wiper 

Fig.  1670. 


S-evens's  Cut- Off. 


Cut- Off  Slide-  Voice. 

g  passes,  and,  when  released,  the  valves  are  seated 
instantaneously. 

A  dra^j  aU-off  is  one  actuated  directly  by  the  main 
valve. 

2.  A  valve  or  gate  in  a  spout,  to  stop  dischaiT^o ; 
as  in  grain-spout  when  the  required  weight  or  quan- 
tity has  been  dischaiged  or  the  receiving  vessel  is 
full. 
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Fig.  1571. 


8.  A  device  in 
a  rain-water  spout 
to  send  the  falling 
water  in  either  of 
two  directions,  as, 
for  instance,  to  the 
glitter  until  the 
roof  is  clean,  and 
then  to  the  cis- 
tern. 

4.  A  rod  on  a 
i-eai^er,  to  hold  up 
the  falling  grain 
during  the  clear- 
ing ot  the  fallen 
^rain  from  the 
platfonii. 


Fig.  1572. 


The  spars  are  a  viast,  boom,  gaff. 


Kain-Waier  Cut- Off. 


Cut-off  Valve. 

A.  valve  airanged 
X)  close  the  induc- 

-  vion-ports     of    a 

Siektrs  CM' Off.  steam -cylinder  at 

any  given  period 
before  the  close  of  the  stroke  of  the  piston,  in  order 
that  the  stwra  may  he  used  expansively  in  the  inter- 
val.    See  Cut-off. 

Cut-out  (Telegraphy.)  A  specieJi  of  switch 
ii.Hetl  in  telei^raph-offiL-es  to  connect  the  wires  pass- 
ing through  the  office,  and  **  cut  out  '*  the  instrument 
from  the  circuit.  Usually  a  mere  lever,  unvoted 
between  the  wires  leading  to  and  from  the  instru- 
ment, 80  that,  on  being  turned  in  the  proper  <liix»c- 
tion,  it  will  connect  the  wires. 

Cut-pile.  (Fabric.)  A  fabric  woven  in  loops, 
which  arc  subsequently  cut  so  as  to  give  a  pile 
(hairy)  surface,  such  as  velvet,  plush,  Wilton  car- 
pet, etc. 

Cut-splay.  The  oblique  cutting  of  the  edges  of 
bri'ks  in  certain  kinds  of  fancy  brick-work. 

Cut-stone.  A  heian  stone.  Ashlars  reduced  to 
foi'  11  by  chisel  and  mallet. 

Cut'tee.  The  box  to  hold  the  quills  in  a  weaver's 
loom. 

Cut'ter.  1.  (Husbandry.)  That  portion  of  a 
mower  or  reaper  which  actually  severs  the  stalk. 
The  varieties  ai-e  numerous,  but  the  general  verdict 
of  approval  has  been  given  to  what  may  lie  called 
the  saw, —  a  term  which  describes  genemlly  a  device 
consisting  of  projecting  teeth  or  sections  affixed  to  a 
hir  and  reciprocated  longitudinally  of  the  latter. 
See  Harvester-cutter. 

2.  {Nautical.)    a.  A  vessel  with  one  mast,  hnnng 


fore  and  aft  sails, 
and  bowsprit. 

Cutters  are  usually  small,  but  the  fancy  has  some- 
times been  to  make  them  as  large  as  460  tons  and 
28  guns  (the  Viper),  They  are  either  clincher  or 
carvel  build  ;  have  no  jib-stay,  tlie  jib  hoisting  and 
hanging  by  the  halliards  alone. 

A  cutter  carries  a  fore  and  aft  main-sail,  gaff-top- 
sail, stay,  foresail,  and  jib. 

b.  A  boat  smaller  than  a  liarge,  and  pulling  from 
four  to  eight  oars.  It  is  from  22  to  80  feet  long,  and 
has  a  beam  equal  to .  29  to  . 25  of  its  length.  A  num- 
ber are  required  for  tlie  miscellaneous  purposes  of  a 
large  ship,  and  are  known  as  the  first,  second,  etc., 
cutters.  • 

3.  A  one-horse  sleigh. 

4.  A  soft  brick  adapted  to  be  nibbed  down  to  the 
required  shape  for  ornamental  brick-work  or  arehes. 

6.  A  wad-punch. 

6.  A  revolving  cutting-tool  of  a  gear-cutter,  a 
plauing-machine,  etc.     See  Cutteh-head. 

7.  An  upright  chisel  on  an  anvil.     A  hack-irmi. 

8.  The  roiUei'  or  scorper  portion  of  the  center- 
bit,  which  removes  the  portion  circumscribed  by  the 
nicker, 

9.  A  burin,  an  engraver's  tool ;  as  a  ^tTt^-cutter 
or  tirU'tooK 

10.  A  file-chisel. 

11.  A  peg-cutler,  or  float, 

_^  12.  {Agriculture.)  An  implement  or  machine  for 
cutting  feed .  See  Straw-cutter  ;  Root-cutter,  etc. 

Cutter-bar.  1.  (Boring-machinery.)  A  bar  sup- 
ported between  lathe-centers  or  otherwise  in  the  axis 
of  the  cylinder  to  be  bored,  and  carrying  the  cutting- 
tool.  Hy  various  modifications  having  the  same  ob- 
ject in  view,  the  tool-stock,  cutter-bar,  or  cylinder 
may  be  moved,  so  as  to  cause  the  tool  to  pass  areund 
inside  the  cylinder  or  conversely,  and  also  cause  it 
to  traverse  from  end  to  end.    See  Borinu-macuine. 

2.  (Harvester.)  A  bar,  usually  reciprocating  lon- 
gitudinally, and  having  attached  to  it  the  triangular 
knives  or  sickles,  which  slip  to  and  fro  in  the  slots 
of  the  fingers,  and  cut  the  grain  or  grass  as  the  ma- 
chine progresses. 

The  bar  carrjing  the  fingers  is  the  finger-bar, 

Cufter-^grind'er.  A  grindstone  or  emery-wheel 
specially  constructed  for  grinding  the  sections  of  the 
cutter-bars  of  reaping  and  mowing  machines. 

Cut'ter-head.    A  rotating  head,  either  dressed 

Pig.  1678.  «~  '^'^ 


Rotary  Cutttr. 

and    ground   to 

form  a  cutter,  or 

having  means  for  «-,,..  .--^.^ 

the  attaching  of 

bits  or  blades  thereto,  as  in  the  iUuatmtions. 

Cut'ter-stook.  A  head  or  holder  in  which  a 
cutting  blade  or  tool  is  fastened  for  use. 

Cut'ting.  1.  (Railroading.)  An  excavation  for 
the  purpose  of  a  road,  railroad,  or  canal.  When  the 
earth  is  not  requireil  for  Kfill  or  embankment,  it  is 
called  waste. 

When  the  sides  are  not  secure,  sufficient  slo|>e 
must  be   allowed  or  retaining- walls  constnicted. 
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CUTTING-PRESS. 


Fig.  1675. 


CtOting. 

These  walls  batter  towanis  the  bank  in  order  to 
withstand  the  thrast.  See  Battek  ;  Breast-wall; 
Retaining-Wall. 

•  2.  {Mining.)     A  poor  quality  of  ore  mixed  with 
that  which  is  better. 

Cut'ting-board.  A  boaid  for  the  bench  or  lap, 
in  cutting  out  leather  or  cloth  for  clothing. 

Cut'ting-box.  A  machine  for  cutting  hay,  straw, 
or  corn-stalk  into  short  feed.     See  Straw-cutter. 

Cut'tiiig-oom'pass.  A  compass,  one  of  whose 
legs  is  a  cutter,  to  make  washers,  wads,  and  circular 
disks  of  paper  for  other  uses. 

Cut'tmg-down  Line.  {Shipbuilding.)  A  curved 
line  on  the  sheer-plan,  which  touches  the  lowest  part 
of  the  inner  surface  of  each  of  the  frames.  It  deter- 
mines the  depth  of  the  floor-timbers  and  the  hight 
of  the  dead-wood  fore  and  aft. 

Cut'ting-dowii  StaA  {Shipbuilding.)  A  rod 
having  marked  upon  it  the  hight  of  the  ctUting-dovm 
lin'i  above  the  keel  at  the  several  fi*ames. 

Cat'ting-eii'gine.  {Silk-machinery.)  A  machine 
in  which  refuse  or  floss  silk  —  the  fibers  having  been 
previously  disentangled,  straightened,  and  laid  par- 
allel by  the  Hackle,  Fillino-enginr,  and  Duaw- 
1NO-FRAME  (which  see)— are  cut  into  lengths  of 
about  1^  inches,  so  as  to  enable  them  to  be  ti-eated 
as  a  staple  by  the  carding-machine  and  the  machines 
which  follow  in  the  cotton  process,  bringing  the 
fiber  to  a  sliver^  a  roving^  a  thready  suitable  for 
weaving. 

The  cutting-engine  has  feed-rollers,  and  an  inter- 
mittingly  acting  knife,  somewhat  similar  to  a  chafl' 
or  tobacco  cutter. 

Cut'ting-file.  The  toothed  cutter  of  a  gear-cut- 
ting engine. 

Cut'ting-gage.  A  tool  having  a  Inncet-shaped 
knife  (one  or  two)  and  a  movable /wu*  by  which  the 
distance  of  the  knife  from  the  edge  of  the  board  is 

Fig.  1576. 
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which  suppoi-ts  the  pile  of  cloth  to  be  cut.  The 
cloth  is  fed  by  the  attendant  so  as  to  bring  the 
line  marked  on  the  upper  layer  in  line  with  the 
knife. 

Cut'ting-nlp'perB.  A  pair  of  pliers  whose  jaws 
are  sharp  and  come  in  exact  auposition.  The  cutters 
are  sometimes  on  the  face  of  the  jaws  and  sometimes 
on  the  side. 

Cut'tiiig-out  Ma-ohine'.  One  by  which  plan- 
chets  for  coin,  or  blanks  for  other  purposes,  are  cut 
from  ribbons  of  metal.     See  Cirm no- press. 

Cuf  ting-plane.  A  carpenter's  smoothing-plane. 

Cut'ting-presB.  1.  A  scrt^w-press  for  cutting 
planchets  of  metal  from  strips.  The  ciUling-press  of 
the  coining-apparatus  (1,  Fig.  1677)  has  a  cast-iron 
frame  a,  wnich  is  fixed  on  a  stone  basement ;  b  is 
the  screw,  which  is  fitted  through  the  top  of  the 
frame,  and  actuates  a  slider  c.  At  the  lower  end  of 
the  slider  a  steel  punch  d  is  fixed.  Its  diameter  is 
exactly  equal  to  that  of  the  pieces  which  are  to  Ije 
cut  out. 

Beneath  is  the  steel  die,  which  has  a  hole  in  it  of 
proper  size  to  fit  the  steel  punch.  On  the  other 
side  is  a  box  with  screws  for  adjusting  the  die,  so 
that  the  hole  in  it  will  be  exactly  beneath  the  punch. 


Cutting-  Oage 

ailjusted.  It  is  used  for  cutting  veneers  and  thin 
wood.  In  the  West,  linn-wood,  sawed  through  and 
through  the  width  of  the  log,  i  to  |  inch  thick,  is 
ripped  into  plaste ring-lath  by  the  cutting-gage,  after 
a  straight  edge  has  been  once  established. 

Cnt'ting-line.  {Printing.)  A  line  made  bv 
printers  on  a  sheet  to  mark  the  oJT-cut ;  that  which 
18  cut  off  the  printed  sheet,  folded  separately,  and 
set  into  the  other  folded  portion. 

Cufting-ina-chine'.  1.  A  machine  for  reducing 
the  length  of  stajde  of  flax.  See  Breaking-machine. 

2.  A  machine  for  cutting  out  garments.  A  recip- 
rocating vertical  knife  works  in  a  slot  of  the  table 


Fig.  1577 


Fig.  1678. 
3 


Th 
inl 

Ku 
del 

the  hole  in  the  die  ; 

a  piece  of  iron  is  fixed  a  small  distance  above 
the  die,  and  has  a  hole  through  it  to  admit  the 
punch.  Its  use  is  to  hold  down  the  piece  of  met- 
al when  the  punch  rises,  otherwise  the  piece  would 
stick  to  the  punch. 

On  the  upper  end  of  the  screw,  a  piece  /  is  fixed, 
and  an  arm  projects  from  it,  with  a  weight  g  at  the 
end  ;  and  it  is  this  weight  which  gives  the  necessari* 
momentum  to  punch  out  the  piece ;  A  is  a  spindle 
fixed  upon  the  piece/,  in  the  line  of  the  screw  ;  it 
is  supported  in  a  collar  p  at  the  upper  end,  and  above 
the  collar  a  lever  t  m  A;  is  fixed,  and  at  one  extrem- 
ity of  this  lever  a  roller  k  is  placed ;  this  is  acte<l 
upon  by  projecting  teeth,  which  are  fixed  in  the  rim 
of  a  lai^  horizontal  wheel,  which  is  turned  round 
by  the  prime  mover  of  the  mill,  and  thus  produces 
the  remiisite  motion  in  the  whole  ap^^aratua. 

2  (Fiff.  1578)  is  a  modified  form  m  which  a  is  the 
tail  of  tne  weighted  swinging-lever/,  which  is  moved 
by  hand,  to  move  the  slider  n  and  the  punch.  The 
lower  die  d  is  adjusted  in  position  by  the  system  of 
set  screws  «,  on  the  bed -piece ;  p  is  the  holding-down 
plate. 

2.  A  bookbinder's  press  (3,  Fig.  1578)  for  hold- 
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CYLINDER  BORING-MACHINE. 


ing  a  pack  of  folded  sheets  while  the  book  is  sawed 
previous  to  sewing,  or  for  holding  the  sewed  book 
for  edge-cutting.  The  screws  s  s  pass  through  the 
side-pieces  c  c,  which  are  steadied  by  sliding-guides. 
The  pack  may  now  be  plowed  or  saw-cut  on  the 
back  ibr  the  twines  to  which  the  sheets  are  sewed. 

Cut' tings.  {Metallurgy,)  The  larger  and  light- 
er refuse  which  is  detained  by  the  sieve  in  the 
hotcking-luby  or  hutch. 

Cut'tiiig-Bhoe.  A  horseshoe  with  nails  on  only 
one  side,  for  horses  that  cut  or  interfere.  A  feather- 
edge  shoe. 

Cuftiiig-thruBt  A  tool  like  a  aUting-gage^  em- 
ployed in  grooving  the  sides  of  boxes,  etc.  It  has  a 
rotking-cxxtieT  in  a  stock,  and  an  adjustable  sliding- 
head  which  forms  a  gage  for  distance  from  the  guide- 
edM  of  the  board. 

Cut'too-plate.  A  hood  above  the  nave  or  hub 
of  a  vehicle,  to  prevent  the  street  mud  from  falling 
npon  the  axle  and  becoming  ground  in  between  the 
axle-box  and  spindle.  Otherwise  called  a  dirt-board^ 
or  round  robbin.     It  is  attached  to  the  axle  or  bol- 


ster. 

Cut-veFvet. 
the  loops  are  cut. 

Cat-'wa'ter. 


{Fabric.)     Piled  goods  in  which 


1.  {Shipwrlgktiiig.)  The  forward 
edge  of  the  st4im  or  prow  of  a  vessel  ;  that  which  <li- 
vides  the  water  right  and  left.  It  is  fayed  to  the 
forepart  of  the  stem. 

2.  {Bridge.)  The  edge  of  a  starling  presented  up 
stream,  to  divide  the  waters  on  each  side  of  the 
pier. 

Cu-vette'.    1.  {Glass.)     A  basin    for  receiving 
the  melted  glass  after  it  is 
Hg.  1679.  refined,  and  decanting  it  on 

to  the  table  to  be  rolled  into 
a  plate. 

The cttw</^«  stand  in  open- 
ings in  the  sides  of  the  fur- 
nace, and  are  filled  with 
melted  glass  from  the  pots 
by  means  of  iron  ladles.  The 
material  remains  sixte-jn 
hours  in  the  pots  and  six- 
teen in  the  cuvettes.  In 
casting,  the  cuvette  is  lifted 
Octette.  by    means    of   a  gripping- 

tongs,  chains,  and  a  crane, 
and  the  contents  are  jwured  upon  the  casting-table. 
2.  {Fortification.)     A  ditch  in  the  main  ditch. 
Cy'a-nom'e-ter.      Invented   by    Saussure,   for 
determining  the  depth  of  the  tint  of  the  atmos- 
phere. 

A  circular  band  of  thick  paper  is  divided  into 
fifty-one  parts,  each  of  which  is  painted  with  a  dif- 
ferent shade  of  blue ;  the  extremities  of  the  scale 
being  respectively  deep  blue  and  nearly  white.  The 
colored  band  is  held  in  the  hand  of  the  observer, 
who  observes  the  particular  tint  coiTesponding 
to  the  color  of  the  sky.  The  number  of  this  tint, 
reckoning  from  the  light  end,  indicates  the  intensity 
of  the  blue. 

Cr-an'o-type.  {Photography.)  A  process  by 
Sir  John  Herschel  in  which  cyanogen  is  employed. 
One  form  of  the  process  is  as  follows :  — 

A  paper  is  washed  with  ferridcyanide  of  potassium 
and  dried  ;  placed  under  a  frame,  the  parts  ex])osed 
to  light  are  changed  from  yellow  to  blue  (Prus.sian 
blue).  The  picture  is  washed,  then  fixed  by  car- 
bonate of  soda,  and  dried.  The  picture  before  wash- 
ing is  lavender  on  a  yellow  ground,  but  washes  out 
to  a  blue  on  a  white  ground.  It  Is  rather  curious 
than  really  useful.  The  process  has  several  vari- 
ations. 


Py'clo-graph.  More  properly  Arcookaph 
(which  see). 

Cy-oloid'al  En'gine.  An  instrument  made  u.se 
of  by  engravers  in  making  what  is  called  ■machhic- 
vjork  upon  the  plates  for  bank-notes,  checks, 
etc. 

The  lines  have  a  general  cydoidal  form,  being 
genemted  by  a  point  revolving  around  a  moving 
center,  or,  what  amounts  to  the  same,  are  cut  by  a 
graver-point  to  which  a  revolution  is  imparted,  the 
plate  traversing  below  in  a  straight  line,  a  waved 
line,  a  circle,  ellipse,  or  other  figure.  The  line  is 
thus  compounded  of  two  movements,  ami  a  wavy  or 
complex  interlacing  figure  of  absolute  regularity  is 
produced  as  a  guard  against  counterfeiting  ;  it  being 
impossible  to  produce  such  work  by  any  means  other 
than  such  a  tool.  Ck)unt«rfeiting,  being  an  under- 
hand proceeding  and  seeking  secrecy,  is  followed  by 
skillful  men,  but  without  the  expensive  and  compli- 
cated mechanical  at^juncts. 

Cy-olold'al  Pad'dle.  The  name  is  a  misnoraer, 
but  is  applied  to  a  iwddle-wheel  in  which  the  board 
is  divided  longitudinally  into  several  strips  in  a 
slightly  retreating  order,  en  ecJvelon.  The  object  of 
the  division  of  the  float  is  to  bring  the  sections  in 
succession  into  the  water,  lessi^ning  the  concussion  ; 
and  by  a  more  complete  distribution  of  floats  around 
the  circumference  of  the  wheel  to  make  the  resistance 
more  uniform. 

Cyl'in-der.  1.  {Steam-engine.)  That  chamber  of 
a  steam-engine  in  which  the  force  of  steam  is  utilized 
upon  the  piston. 

For  more  than  ten  years  Watt's  conception  of  the 
steam-engine  could  not  be  realized  in  practice,  owing 
to  the  impossibility,  with  the  appliances  then  at 
hand,  of  constructing  a  piston  and  cylinder  air-tight. 
Mr.  Boulton  of  Soho  came  to  his  relief  with  capital 
and  mechanical  skill. 

2.  {Fneurnatics. )  The  barrel  of  an  air-pump,  such 
as  used  by  Hero  of  Alexandria  (see  the  Spirilalia)^ 
and  that  of  Otto  Guericke  of  Magdeboui^.  See  Air- 
pump. 

Perhaps  the  earliest  use  of  the  cylinder  and  piston 
is  found  in  the  blowing-machines  of  native  metal- 
lui^sts  in  portions  of  Asia  and  Africa. 

8.  The  cylinder  of  the  Jacquard  loom  is  really  a 
square  prism  revolving  on  a  horizontal  axis  and  re- 
ceiving the  cards. 

4.  A  clothed  barrel  in  a  carding-machine. 
Urchins  and  doffers  are  clothed  cylinders  of  smaller 
size. 

6.  The  glass  barrel  of  an  electrifying-machine. 

J5.  (Printing.)  a.  An  inking-roller  of  a  printing- 
machine. 

b.  The  cylinder  of  some  forms  of  printing-machines 
carries  the  type  in  turtles, 

7.  The  Ijore  of  a  gun.  The  charge  cylinder  is  that 
occupied  by  the  charge  ;  the  vacant  cylinder  is  the 
remaining  portion. 

8.  A  wooden  bucket  in  which  a  cartridge  is  car- 
ried from  the  magazine  to  the  gun. 

9.  The  body  of  a  pump. 

10.  A  garden  or  held  roller. 
CyPin-der-blow'er.    A    blowin^^-machine   for 

bla.Ht  and  cupola  furnaces,  which  consists  of  a  piston 
working  in  a  cylinder.     See  Blower. 

Cyl'ln-der  Bor'lng-ma-ohine'.  {Metal-work- 
ing. )  A  machine  having  face-plates  on  which  the 
cylinder  is  do^ed  concentrically  with  the  axial 
boring-bar  on  i^ich  a  tool-holder  has  longitudinal 
feed,  to  move  from  end  to  end  of  the  cylinders.  The 
bar  draws  entirely  out,  to  allow  the  work  to  be  shift- 
ed, and  independent  slide-rests  face  off  the  ends  df 
the  cylinder. 
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Fig.  1680 


Setters\n  Cylinder  Boring' Machine. 

Cyl'ln-der-cook.  {Steain-eiigine. )  A  faucet  in 
the  end  of  a  cyUnUer  to  allow  water  of  condensa- 
tion to  e.sca|)e  when  the  jiiHton  approaches  the  said 
end  of  the  cylinder.  Owin^  to  the  incompre.s.sibility 
of  water,  the  end  of  the  cylinder  may  be  driven  ou^ 
if  the  water  be  allowed  no  means  of  e8ca|>e.  It  is 
also  U!H'a\  to  allow  the  pas.'^age  of  steam  in  blowing 
through  the  cylinder,  etc.,  in  warming  up.  It  is 
then,  functionally,  a  blow-through  cock. 

When  the  cylinder-cock  is  made  automatic,  it  has 
a  spring  to  keep  it  closed  against  the  normal  pressure 
of  steam,  but  which  yields  to  the  excessive  pressure 
in  the  cylinder  incident  to  the  striking  of  the  piston 
against  a  body  of  water,  the  result  of  the  condensa- 
tion of  steam  in  the  cylinder. 

Cyl'in-der-cov'er.  (Steam-engine.)  The  lid 
Iwlted  to  a  flange  round  the  top  of  a  cylinder,  so  as 
to  be  perfectly  steam-tight.  The  piston-ixxi  pa-sses 
througn  a  stuffing-box  in  the  center. 

The  term  is  also  applied  to  the  Jacket^  lagging,  or 
cleadiitg,  which  prevents  to  some  extent  the  radiation 
of  heat. 

Cyl'in-der-en'giiie.  A  paper-machine  in  which 
the  pulp  is  taken  up  on  a  cylinder  and  delivered  in  a 
continuous  sheet  to  the  dryei-s. 

Cyrin-der  Es-oape'ment.  Another  name  for 
the  horizontal  escapement  invented  by  Graham. 
See  Horizontal  Escapement. 

CyFln-der  EB-cape'-valve.  A  valve  in  the 
end  of  a  cylinder  to  let  off  water  of  condensation. 

Cyl'in-der-glaBS.  A  mode  of  making  window- 
glass,  in  which  the  material  is  brought,  by  a  succes- 
sion of  operations,  to  the  shape  of  an  open-ended  cyl- 
inder, which  is  split  by  a  diamond  and  flatted  in  a 
furnace. 

Although  this  plan  had  long  been  practiced  in  Ger- 
many and  Belgium,  it  was  not  imported  into  Eng- 
land until  about  1846,  owing  to  tne  vexatious  ex- 
cise-regulations, all  improvements  in  gla.ss-working 
being  hampered  and  well  nigh  prevented.  The  im- 
position, However,  was  taken  off  in  time  for  xthe 
manufacture  of  cylinder-glass  for  the  World's  Ex- 
position building  in  London,  1858. 

We  are  not  aware  that  it  has  yet  been  introduced 
into  the  United  States. 

As  remarked,  this  mode  of  making  flatted  gWs 
was  no  new  thing,  but  is  described  in  the  Diversa- 
rum  Artium  Schedula,  written  probably  in  the  thir- 
teenth century. 

While  crown-glass  is  blown  into  a  globe,  then 
whirled  and  blown  into  an  oblate  spheroid,  pierced 
and  eventually  expanded  into  a  disk,  cjffindcr-glass 
or  hrnad-ghiss,  as  it  is  often  called,  is  made  into  a 
hollow  bulb,  which  is  made  gradually  to  assume  the 
cylindrical  form ;  the  ends  are  opened  by  means  to 
be  described,  Anally  the  cylinder  is  split  and  flat- 
tened. 

The  process  is  as  follows  :  — 

*The  workman  collects  a  mass  of  the  glass  a  araund 
the  end  of  his  blowing-tulie,  and  then  distends  and 


rounds  it  by  blowing  and  roli- 
;««  ^«  ♦k^  ^^arver,  or  flat,  ca.st- 
The  subsequent 
tnsist  in  reheating, 
sw^iuging  until  the 
id  then  the  length 
ler  required,  are  at- 
lass  successively  a.H- 
brms  h  e  repreaent- 
are.  In  the  fourth 
!  it  has  assumeil  a 

\dj  the  ijoint  is  very 

thin,  and  the  blower,  having 
tilled  the  shell  with  air  at  a  pres- 
sure, places  it  in  the  furnace,  when  the  ex|)ansion  of 
the  air  bv  heat  causes  the  conoid  to  burst  at  the 
apex  e.  the  edge  of  the  hole  is  then  trimmed  with 
shears,  and  enlarged  by  the  ptuxllas,  a  peculiai'hand- 
tool  which  resembles  a  pair  of  spring  sugar-tongs 
with  flat  jaws.  The  cylindrical  form  /  l^ing  then  \\er- 
fected,the  cylinder  is  readjr  to  be  removed  from  the 
blowing-tube,  a  circular  piece  of  glass  coming  away 
with  the  tube  so  as  to  make  an  opening  in  the  other 
end  of  the  cylinder. 

This  separation  is  effected  by  a  red-hot  bent  ii*on, 
in  which  the  cylinder  is  turned  round  a  few  times. 


Fig.  16S1 


Successive  Stages  of  Cylinder- Glass. 

so  as  to  expand  the  glass  at  that  point  g.  A  drop  of 
water  on  the  heati^d  line  make^  an  instant  fracture. 

The  cylinder  is  then  split  by  a  diamond  or  by 
means  similar  to  that  which  removed  the  disk  froiii 
the  end  h. 

Flatting  and  annealing  flnish  the  process.  These 
are  accomplished  in  separate  furnacen,  or  apartments 
heatc^d  by  the  same  furnace.  (See  Flatting-fur- 
NACK.)  In  the  combined  form  it  consists  of  consec- 
utive chambei-s  heated  by  a  furnace  beneatli.  Tlie 
cylinder  is  placed  on  the  heated  floor  of  the  flatting- 
funiace,  with  the  cracked  side  upi>ennost ;  the  heat 
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of  the  furnace  causes  it  to  soften  and  spread  out, 
when  all  cui'ves  and  lumjis  are  removed  by  a  straight 
piece  of  wood,  fastened  crosswise  at  the  end  o(  an 
iron  handle  and  wetted  before  applying.  The  flat- 
ting-stone is  made  very  smooth,  as  any  inequalities 
are  transferred  to  the  glass.  The  sheet  of  glass  is 
then  pushed  into  the  annealing-chamber,  where  it  is 
set  upon  edge  an<l  left  to  cool  gradually. 

The  operations  of  making  crown  and  cylinder  glass 
are  exceedingly  interesting,  and  have  some  marked 
peculiarities.  Wonderful  is  the  command  attained 
by  skill  over  the  plastic  stuff,  and  in  no  other  art 
except  pottery  is  there  such  a  growth  beneath  the 
hana  of  the  operator. 

The  illustration  shows  the  men,  each  on  his  plat- 
form, one  swinging  his  prolonged  bulb  above  his 
head,  another  blowing  and  swinging  it  below  his 
feet,  while  a  third  is  observing  the  operation  of 
heating  the  glass,  which  he  kee^  constantly  turning 
round  by  means  of  the  rod  in  his  hand,  to  which  it 
is  attached. 

Cyl'in-der  Qrind'ing-ma-ohine'.  A  machine 
for  trueing  and  polishing  the  insides  of  cylinders. 
The  cylinder  is  secured  to  the  slide -rest,  and  moves 
along  on  the  ways  longitudinally  of  the  mandrel  A, 


Fig.  1682. 


OgHnder-  Grinder. 


which  is  mounted  on  centers,  and  rotated  by  the 
band-wheel  C.  The  inside  is  fixed,  and,  as  the  man- 
drel A  and  head  D  rotate  on  their  axis,  the  rod  (7, 
carrying  the  grinding-disks,  is  caused  to  revolve 
around  the  said  axis,  and  at  the  same  time  rotat-c  on 
its  own  axis,  carrying  the  disks. 

Cyrin-der-milL  One  form  of  mill  for  pulver- 
izing the  ingredients  of  gunpowder,  having  a  cylin- 
drical runner  traversing  on  a  bedstone. 

Cyrin-der-po-w'der.  That  of  which  the  char- 
coal is  made  in  iron  cylinders. 

Cyl'in-der-prefls.  {PHiUmg.)  a.  A  form  of 
press  in  which  the  type  ia  secured  on  a  cylinder 
which  revolves  and  presents  the  form  successively 
to  the  inking-roUers  and  to  the  paper.  The  type- 
rtvolmiig  printiHg-machine  of  Hoe  is  of  this  class, 
and  is  sJdown  in  the  full-page  cut  opposite.  These 
machines  are  made  with  two,  four,  six,  or  ten  print- 
ing-cylinders arranged  in  planetary  form  around  the 
periphery  of  the  larger  type-carrying  cylinder.  The 
type  is  secured  in  turtles,  or  the  stereotype  is  bent 
to  the  curve  of  the  cylinder.  The  circumference  of 
the  latter  has  a  series  of  binary  systems,  the  elements 
of  which  are  an  inking  appai-atus  and  an  impression 
apparatus,  the  paper  being  fed  to  the  latter,  and  the 
pnnted  sheet  carried  away  therefrom  by  tapes  to  a 
flyer,  which  delivers  it  on  to  the  table. 

6.  One  in  which  the  form  is  placed  upon  a  bed 
and  the  impression  taken  by  a  cylinder,  which  takes 
a  sheet  and  receives  an  impression  from  the  form 
while  it  is  passing  under  them.  These  are  known 
as  double,  single,  mnall,  large,  stop,  cylinder-presses. 

In  the  dauble  cylinder-press  two  cylinders  are  u.sed, 
which  take  sheets  alternately.  TJfie  single  has  but 
one,  and  needs  but  one  attendant  feeder ;  the  printed 
sheets  are  thrown  down  by  a  fly-frame. 

The  accompanying  full-page  illustration  is  of  a 


press  known  distinctively  as  a  single  large  cylinder 
pHnting-inackine,  in  which  the  form  runs  beneath 
four  rollers.  The  feed  is  by  fingers  on  the  cylinder, 
taking  sheets  from  the  inclined  feed-boaixi  above,  and 
passing  them  between  the  cylinder  blanket  and  the 
form,  the  cylinder  and  bed-rack  gearing  together 
during  this  portion  of  the  motion  of  each.  The 
printed  sheet  is  delivei-ed  by  a  flyer. 

The  stop-cylinder  press  is  one  in  which,  after  a 
sheet  is  printed,  the  cylinder  remains  stationary- 
while  the  bed  is  running  back,  during  which  time  a 
fresh  sheet  is  placed  in  position. 

In  the  stop-cylinder  pi-ess,  designed  for  woodcut 
piinting,  special  arrangements  are  made  for  inking, 
—  by  a  vibrating  cylinder  or  inkiiig-table,  as  may 
be  desired,  — and  the  number  of  fonn-rolleremay  be 
proportioned  to  the  character  and  size  of  the  work, 
being'usually  adapted  to  the  size  of  the  bed.  The 
impression-cylinder  is  stationary  during  the  re- 
turn of  the  bed,  and  the  fingers  close  on  the  sheet 
before  the  register- [win ts  are  withdrawn  ;  the  cylin- 
der then  revolves,  and  it  gears  dii'octly  into  the  bed, 
and  i^erfect  register  is  obtained.  The  bed  is  arranged 
to  run  once,  twice,  or  thrice  beneath  the  inking- 
rollers  to  each  impression,  so  as  to  secure  a  more 
peifect  distribution  of  the  ink. 

CyFin-der-prinfing.  1.  {Printing.)  A  mode 
of  printing  in  which  the  type  is  secured  to  the  cyl- 
inder, or  the  paper  on  a  cylinder  which  acts  in  con- 
nection with  a  rolling-bed.  See  Cylinder-press. 
2.  A  system  of  printing  calicoes  by  engraved  cop- 
per cylinders,  invented  in  Scotland  and  perfectetl 
in  England.  These  are  engraved  on  the  Perkins 
principle,  by  which  a  small  roller  with  the  design  in 
cameo  is  impressed  against  the  surface  of  the  revolv- 
ing cylinder,  delivering  upon  the  latter  the  design 
in  intaglio  as  many  times  repeated  as  the  circum- 
ference of  the  small  steel  cylinder  (the  mill)  is  con- 
tained in  the  circumference  of  the  copper  cylinder. 

This  is  the  principle  of  the  American  system  of 
bank-note  engraving.    See  Transperri no-machine. 

C7rin-der-ti^>e.  {Printing),  A  tape  running 
on  the  impression-ijylinder  beneath  the  edge  of  the 
papr,  to  remove  the  sheet  from  the  cylinder  aftei* 
printing. 

Cyrm-der-inrheeL  A  form  of  scape-wheel,  used 
in  the  horizmUal  or  cylinder  e.scapement. 

CyFin-der-'WTench.  A  form  of  wi-ench  adapted 
to  grasp  round  rods  or  tubes.     See  Pfpe-wrench. 

Cy-lln'drl-cal-arch.(  Architecture.)  One  which 
is  a  prolongation  of  the  same  curve  throughout  its 
length. 

Cy-lin'dri-oal  Boil'er.  A  boiler  of  a  cylindri- 
cal shape,  in  contradistinction  to  the  other  and  earlier 
forms. 

The  cj'lindrical  boiler  was  introduced  into  Corn- 
wall, England,  in  consetiuence  of  the  use  of  a  higher 
pressure  of  steam,  which  rendered  the  Jiaystaek, 
hemispherical,  and  icagon  boilere  unsafe.  (See  Cor- 
nish-boiler). Smeaton  introduced  the  flue  into  the 
boiler.  The  cylindrical  return-flue  boiler  was 
patented  by  Wilkinson  in  1799. 

Cy-lin'drl-oal  Lens.  A  reading-glass  whose  back 
and  front  faces  are  formed  by  cy- 
lindrical surfaces,  the  diameters  of 
which  are  at  right  angles  to  each 
other  :  the  form  being  that  of  , 
two  segments  of  cylinders  united 
at  their  bases. 

A  lens  having  a  cylindrical  body    CyHndrieal  Lens, 
and  convex  ends.  A  Stanhope  lens. 

The  term  may  also  include  a  lens  consisting  of  a 
true  cylinder  which  gives  a  line  of  light ;  or  of  cy- 
lindrical segments  parallel  to  each  other,  which  corn- 
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rig.  1584.  bination    also 

gives  a  line  of 

Bght. 

Cy-lln'dri- 

1  oal  Saw.    A 

-I  saw  having  a 

cylindrical 

form     and 

sharpened    at 

one  end.  Used 

in      sawing 

staves      from 

Cylindrieal  Saw.  theblock, 

giving  them  a 
transversely  rounded  form  ;  for  sawing  felloes,  chair- 
backs,  etc.  It  Is  on  the  principle  of  the  crown - 
saw,  and  is  variously  called  a  ttib-saw,  drum-mWy 
ffarrelsaWt  etc. 

Cy-lin'dri-cal  Valve.    {Steam-engine.)   A  valve 
in  a  tnmuiou  or  elsewhere  having  a  cylindrical  shape 

Fig.  1685 


Cylindrical  Valve. 

and  oscillating  on  its  axis,  to  open  and  close  ports 
in  the  cylindrical  case  which  forms  its  seat. 

Cy'ma  Rec'ta.  A  form  of  waved  or  ogee  mold- 
ing hollow  in  its  u])per  part  and  swelling  below. 
Cij)ncUium.     See  Molding. 

The  member  below  the  abacus  or  corona. 

Cy'ma  Re-ver'sa.  An  ogee  in  which  the  hollow 
member  of  the  mtilding  is  below.     See  Molding. 

Cym'bals.  Disks  of  bronze,  more  or  less  basin- 
shaped,  clashed  together  or  lightly  touched  in  accord 
witn  the  music.  They  are  very  ancient,  being 
represented  in  different  forms  u]K)n  the  sepulchral 
monuments.  They  were  used  by  the  Levites  in  the 
temple  ordinances,  and  the  sons  of  Asaph  excelled 
in  tiieir  use.  They  are  mentioned  among  other  in- 
struments, 1043  B.  c,  when  David  brought  the  ark 
home,  —  harps^  psalteries^  timbrels^  comets,  ci/mbals 
{2  Sam.  vi.  6). 

The  loud'Sounding  and  high-sounding  C3rmbals 
mentioned  in  Psalms  cl.  5,  were  probably  the  clash- 
ing cymbals  and  rattling  castanets. 


Egyptian  Cymbals {SaU^s  CotUetion) 


The  accompanying  illustration  shows  the  cymbab 
of  ancient 

Egypt.     They  Fig.  1688. 

have  been 
found  in  the 
tombs  of 
Thebes,  and 
those  shown 
are  now  in  the 
collection  of 
Mr.  Salt. 
They  are  about 
7  inches  in  diameter,  and  are  of  an  alloy  which  does 
not  seem  to  have  been  determined  analytically. 
Quite  likely  they  are  of  bronze,  with  a  possible  aa- 
dition  of  some  silver. 

A  .small  variety  of  cymbals  |jlayed  with  the  finger 
and  thumb  resemble  o^istanets  in  the  mode  of  using 
to  beat  the  measure  of.  the  dance.  They  are  shown 
in  the  paintings  of  Herculaneum,  and  were  some- 
times attached  to  the  ankles  of  the  flute-players. 
See  Castanets. 

Cymbals  are  also  represented  in  the  sculptures  of 
Nimroud. 

The  cymbals  were  used  in  religious  and  patriotic 
observances  by  the  Egyptians,  Aasyrians,  Jew^ 
Etrurians,  Greeks,  and  Romans ;  by  the  Greeks  in 
the  worship  of  Cybele,  Bacchus,  and  Juno  ;  indeed, 
Xenophon  says  that  the  cymlml  was  invented  bv 
Cybele,  and  used  at  her  feasts,  ut  a  i)eriod  correspond- 
ing to  our  date  of  1580  B.  c. 

The  origin  of  the  cymbal  was  evidently  heroic  ; 
swords  and  shields  being  clashed  in  the  warlike 
dances  of  the  semi-barbarous  people  of  the  countries 
bordering  on  the  Mediterranean. 

In  a  Persian  dance  of  the  times  of  Cyrus  and 
Cambyses,  the  movements  were  performed  to  the 
music  of  the  flute^  the  jierfomiers  dashing  their 
crescent-shaped  shields  together,  falling  on  one 
knee,  and  rising. 

The  corybantian  dance  of  Crete  and  Phrygia  was 
a  wild,  warlike  performance,  with  the  same  rattling 
accompaniment.  The  Pyrrhic  dance,  as  describea 
by  Plato,  was  a  frantic  exhibition  of  evolutions  and 
tumblings,  repi-esenting  the  modes  of  dodging  and 
warding  off  the  blows  of  swords,  daggers,  and  spears, 
and  was  yn^rformed  to  the  jarring  music  of  clashing 
weapons.     The  modem  Greeks,  who 

"  . .  .  .  haye  the  Pyrrhic  dance  as  yet," 

have  ema-Hculated  the  performance,  which  threw  in- 
to the  shade  anything  else  on  record,  inclu<liug  the 
ferocious  and  disgusting  dances  of  the  redskins  of 
the  West. 

"  My  lord  called  for  the  lieutenant's  cittern,  and 
with  two  candlesticks  with  money  in  them  for 
symbols  (sic),  we  made  barber's  music."  —  Pepts, 
1660. 

Cys'to-tome.  (Surgical.)  An  instniment  for 
cutting  into  a  cyst,  natural  or  morbid,  such  as  open- 
ing the  bladder  for  the  extraction  of  urinary  calculi, 
opening  the  capsule  of  the  crystalline  lens,  etc. 
Cyatitome. 
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Dab-    An  impression  in  type-metal  of  a  die  io 
coarse  of  sinking. 
Dab'ber.  1.  {Priniing. )  The  original  inkin^-ap- 
paratns  for  a  form  of  type.     It  consisted 
of  a  ball  of  cloth  stuffed  with  an  elastic 
!naterial.     Two  of  them  were  used,  one 
in  each  hand.    One  of  them  being  dabl)ed 
upon  the  inking- table  to  gather  a  quan- 
tity of  ink,  the  balls  were  then  nibbed 
together  so  as  to  spread  it  uniformly. 
This  was  done  while  the  piUl  was  being 
I  made,  and  when  the  bed  was  withdrawn 
'  from  below  the  platen,  and  the  printed 
sheet  remoTed,  the  assistant,   working 
actively  with  both  hands/  inked  the  sur- 
face of  the  form. 

Another  fonn  of  dabber  is  a  roll  of  cloth,  the  end 
of  which  is  used  for  inking  the  engraved  copper- 
plate. 

2.  {EtiJfravinff.)  A  silk  ball,  stuffed  with  wool, 
for  spreading  the  ground  upon  the  hot  plates. 

8.  (StereotypUig.)  In  the  paper  process,  the  in- 
sinuation of  the  damp  paper  into  the  interstices  of 
the  letters  by  dabbing  tne  back  of  the  paper  with  a 
hair  brush. 

The  term  has  also  been  applied  to  the  cliche  pro- 
cess, in  which  the  form  is  oabbed  down  into  a  shal- 
low cistern  of  type-metal  which  is  just  setting. 

Dab'bing-ma-ohine'.  {Type-founding.)  The 
machine  employed  in  casting  large  metal  type. 

Dao-tyri-ozL  {Music.)  {Ikutyl^  Gr.,  a  joint.) 
An  instrument  invented  by  Henry  Herz  for  training 
the  fingers  and  suppling  the  joints.  See  Moore's 
"  Encyclopedia  of  Music?*     Se;;  also  Chiroplast. 

Da'do.     {Architecture.)    A  plain  flat  surface  be- 
tween a  base  and  a  cap  or  corona  of  a  plinth.    A  die. 
The  space  between  the  base  and  surlmse  of  a  room. 
Dag'ger.    1.  A  weapon  with  a  pointed  blade, 
adapted  for  stabbing. 
Fig.  1688.      *      Tne  words  dag  and  dagger  came 
into  use  about  the  twelfth  century, 
but  the  knife  is  as  old  as  Cain,  or 
Abel  it  might  be  said,  as  he  butch- 
ered sheep,  and  brought  them  and 
the  fat  thereof  as  a  sacrifice. 

The  Romans  carried  secreted 
daggers  {dolo)  hidden  in  the  han- 
dles of  whips  and  canes. 

The    Venetians    had    dai^rs 
of  glass  with  three-edged  bhwies 
Daggers.  .        and  a  tube  to  secrete  poison.     By 
a  sudden  wrench  the  blade  was 
broken  off  and  remained  in  the  wound,  like  the  ar- 
row-head of  an  Apache.     Nice  people  Iwth  ! 

The  dagger  was  a  part  of  the  equipment  of  the 
Frank  warrior,  who  probably  called  it  a  coiUd,  or 
something  like  that.  It  does  not  differ  materially 
from  the  dirk  (durk^  duirc)  of  the  Gadhelic  branches 
of  the  Celts,  or  the  poraiard  of  those  nations  who  ac- 
knowledge Latin  {p^ingerCf  Lat.,  to  prick)  as  the  base 
of  their  mother  tongues. 

In  the  fourteenth  century  it  was  carried  by  citi- 
zens, yeomen,  sailors,  and  ladies.  It  survives  in 
England  in  the  midshipman's  dirk,  and  in  other 
places  as  a  stiletto,  a  boune-knifCf  etc. 

The  dagger  seems  to  have  been  a  favoiite  instru- 
ment as  an  accessory  to  the  soldier's  equipment  for 
close  combat.  The  Highlander,  Western  desperado, 
and  Chilian,  all  seem  to  approve  of  the  mode  of  car- 


rying it  recorded  of  Ehud  1386  b.  c.  :  **  Ehud  made 
mm  a  da^er  which  had  two  edges,  of  a  cubit  length, 
and  he  dm  gird  it  upon  his  right  thi^h  "  (Judges  iik 
16).  The  modem  plan  seems  to  be  m  the  garter  or 
the  boot,  unless  it  be  worn  in  the  belt,  bosom,  or 
down  the  back ;  mirabilc  dictu,  such  was  known  on 
the  Mississippi  and  by  '*  Arkansaw  travelers." 

Some  ingenuity  has  been  expended  on  this  weapon 
in  the  mode  of  attaching  it  to  the  handle  and  pro- 
viding the  latter  with  a  pistol. 

2.  {Printing.)  A  character  (+)  to  call  attention 
in  the  text  to  notes  on  the  foot  or  margin  of  the 
page.  As  a  reference-mark  it  comes  next  after  the 
star  (•). 

A  double  dagger  (t)  is  another  sign  for  a  simi- 
larpurpose  when  references  are  numerous. 

liag'ger-piece.  (SJiipbuilding.)  A  diagomil 
piece  in  a  ship's  frame  ;  as,  dagger-knee,  dagger- 
tovody  etc. 

Dag'ger-plank.  {Shipbuilding.)  One  of  the 
planks  which  unite  the  poppets  and  stepping-np  pieces 
of  the  cradle  on  which  the  vessel  rests  in  launching. 

Da-gaerre'o-type.  The  photographic  process 
invented  by  Daguerre  during  the  years  1824-89,  re- 
sulting in  the  use  of  the  camera  for  the  exjK)sure  of 
a  silver  or  silvered  plate,  sensitized  by  exposure  to 
fumes  of  iodine  in  a  dark  chamber.  The  latent 
image  was  developed  by  fiimes  of  mercury  and  fixed 
by  hyiwsulphite  of  soda.  In  1829,  Daguerre  was 
joined  in  his  experiments  by  Niepce,  who  had  been 
experimenting  for  fifteen  years  with  an  allied  process 
in  which  a  plate  coated  with  asphaltum  was  exposed 
in  a  camera,  the  image  developed  by  dissolving  away 
the  unalloyed  portions  by  oil  of  lavender.  The 
French  government  granted  a  pension  of  6,000  francs 
to  Daguerre,  one  half  to  i-evert  to  his  widow  ;  4,000 
francs  to  Niepce's  son,  with  reversion  of  one  half  to 
his  widow.     Niepce  died  in  1833,  Daguerre  in  1851. 

Da-guerre'o-tyi>e  XStoh'ing.  A  mode  of  etch- 
ing by  means  of  the  influence  of  light  on  a  prepared 
plate.  The  plate  becomes  exposed  where  the  dark 
lines  of  the  image  fall,  and  the  plate  is  corroded  at 
those  places  by  a  subseouent  operation. 

Dam'gren  Gtin.  Named  from  the  late  rear-ad- 
miral John  A.  Dahlgren,  of  the  United  States  navy. 
A  gun  in  which  the  front  portion  is  materially 
lightened  and  the  metal  transferred  to  the  rear, 
giving  the  "bottle-shape,"  which  caused  some  sur- 
prise on  their  first  appearance  in  Europe. 

Colonel  Bomford,  chief  of  ordnance  of  the  United 
States  army,  commenced  making  this  experiment 
previous  to  the  war  of  1812,  and  gave  the  name  of 
"  Columbidd"  to  the  piece. 

Da'is.  A  raised  platform  at  the  upper  end  of  a 
room,  of  a  dlning-hall,  or  room  of  ceremony.  On  it 
tl^e  dining-table  of  celebrities  was  placed.  Its 
present  use  is  for  a  throne  or  rostrum. 

Dale.  A  spout  or  trough  to  carry  off  water ;  as 
a  pump-dale. 

Dam.  1.  A  bank  or  structure  across  the  current 
of  a  stream. 

Dams  for  reservoirs  are  among  the  most  import 
tant  of  all  embankments,  as  their  failure  entails  such 
extensive  disasters. 

The  dam  of  the  Estrecho  de  Rientes,  in  Spain,  was 
situated  in  a  valley  a  little  above  the  town  of  Lorca, 
and  was  designed  to  hold  the  water  to  a  hight  of 
167  feet.  After  eleven  years'  use  the  weight  of  wa- 
ter, which  had  attained  a  hight  of  156  feet,  April 
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30,  1802,  burst  the  wall,  making  a  tunnel  100  feet 
high  and  70  feet  broad,  discharging  the  whole  con- 
tents in  less  .than  an  hour. 

The  catastrophe  was  caused  by  the  water  finding 
its  way  through  the  sand  and  gravel  at  the  bottom 
of  the  valley. 

608  persons  were  drowned,  809  houses  destroyed, 
and  the  damage  to  property  was  estimated  at 
$700,000. 

The  thickness  of  the  crown  was  86  feet,  and  the 
sloTKi  of  the  surface  away  from  the  water  was  2  feet 
in  night  to  1  base. 

The  dam  of  the  reservoir  of  Alicante  is  circular,  the 
(!onvex  side  up  sti-eam.  It  is  stnn;k  with  a  radius 
of  850  feet,  is  67  feet  thick  at  the  top  ;  the  masonry 
batters  up  stream  10  feet.  The  thickness  at  the 
bottom  is  112  feet. 

It  is  executed  of  a  hard  primary  limestone  rock, 
and  the  ovei-flow  is  made  in  two  streams,  each  6  feet 
wide  and  7  feet  below  the  crown  of  the  dam,  which 
has  an  inclination  from  the  surface  of  the  dam  of  8 
feet  4  inches.  Notwithstanding  the  capacity  of  the 
overflow  water-way,  the  reservoir  has  been  several 
times  filled  to  the  level  of  the  top,  the  water  wash- 
ing over. 

On  September  8,  1792,  after  a  protracted  stoi-m, 
the  water  rose  to  a'  hight  of  8  feet  3  inches  above 
the  top  of  the  dam,  pouring  over  it  in  a  magnificent 
cascade.  Such  confidence  was  given  by  its  stability 
on  that  and  other  occasions  that  the  overflows  were 
closed,  the  waste  water  tumbling  over  the  wall. 

Herrera,  the  architect  of  the  Escurial,  was  the 
author  of  this  magnificent  project,  which  was  exe- 
cuted between  1579  and  1594.  The  depth  of  water, 
when  full,  is  134  feet  6  inches,  and  the  storage  capa- 
city 131,000,000  cubic  feet. 

The  Tanks  of  Ceylon  are  among  the  wonders  of 
hydraulic  engineering ;  as,  for  instance,  the  chain 
of  tanks  which  unite  the  ancient  capital  Pollinarua 
with  Tamblegam  Bay  and  Trincoraalee.  Some  of 
these  are  artificial  lakes  twenty  miles  in  circumfer- 
ence, formed  by  embankments  of  massive  masonry 
that  seem  to  defy  the  hand  of  time.  They  form  part 
of  a  vai?t  system  of  irrigation. 

Similar  structures  are  found  in  Southern  India 
and  Arabia,  and  point  to  the  occupation  of  those 
countries  by  the  same  race  ;  a  civilized  people,  older 
than  the  Arabs  and  Hindoos. 

In  England  the  dams  of  reservoirs  are  usually 
earthworks,  the  dependence  for  tightness  being  a  core 
or  wall  of  puddle,  commencing  in  a  trench  below  the 
foundations  and  carried  up  to  within  a  few  feet  of 
the  top.  The  jmddle  forms  a  water-tight  wall  in  the 
bank,  and  averages  in  thickness  about  one  third  the 
hight  of  the  embankment. 

The  embankment  has  an  internal  slope  of  1  hight 
to  3  base  ;  the  external  slope,  1  hight  to  2  base  ;  the 
width  on  top,  20  feet. 

The  earthwork  is  carried  up  in  layers  of  from  4  to 
6  inches,  carefully  rammed. 

In  France  the  main  dependence  for  tightness  has 
been  work  in  hydraulic  lime,  in  the  use  of  which 
the  French  workmen  are  peculiarlj'  skillful. 

The  French  practice  has  been  to  carry  up  the  dam 
in  homogeneous  layers,  not  over  nine  incites  thick 
and  rammed  to  six  inches,  being  watered  with  lime- 
water.  The  pierref  or  stone  pitching  of  the  face,  is 
carried  up  in  independent  walls,  so  that  injury  to 
one  does  not  entail  the  ruin  of  the  rest.  The  French 
dispense  with  the  puddle-wall. 

The  dam  across  the  Schuylkill  River  at  the  Fair- 
mount  Water- Works,  Philadelphia,  measures  1,600 
feet  from  bank  to  bank,  forming  an  angle  of  about 
45®  with  the  direction  of  the  stream.     By  this  ex- 


tension of  length  the  perpendicular  rise  above  the 
top  of  the  dam  is  lessened  during  high  water.     The 

Fig.  1589. 


OverfaU  Dam  aeross  the  SehmfUtm^  Philaddptda. 

slack  water  above  the  dam  extends  about  six  miles, 
and  a  canal  and  locks  are  provided  for  overcoming 
the  lise.  A  part  of  the  bottom  consisted  of  mud, 
and  upon  this  portion,  270  feet  in  length,  a  founda- 
tion of  rubble  was  laid,  and  covered  with  earth. 
This  portion  is  150  feet  broad  at  the  ba.se  and  12 
feet  on  top,  being  encased  with  lai^  stones.  The 
overfall  dam  is- 1,204  feet  in  length,  founded  on  the 
Imre  rock,  the  deepest  portion  having  a  depth  of  24 
feet  below  low  tides. 

While  on  the  subject  of  dams  we  must  not  foi^t 
that  constructed  by  Lieutenant-Colonel  Bailey  to 
rescue  the  fleet  of  gunboats  on  Red  River  after  the 
disastrous  defeat  of  the  ai-my  under  (Jeneral  Banks 
in  his  ill-staiTed  and  woi*se-managed  expedition. 
As  the  fleet  arrived  in  the  ncighbomood  of^  Alexan- 
dria it  was  detained  by  the  low  stage  of  water  on 
the  falls  at*  that  point.  It  seemed  impossible  to 
escape  from  the  trap,  hut  Colonel  Bailey  constructed 
a  wing-dam  600  feet  in  length,  which  concentrated 
the  flow  of  water  in  a  narrow  channel,  and  made  it 

{)08siblc  for  the  gunboats  to  float  down  to  the  lower 
evel,  whence  they  reached  the  Mississippi.  The 
operation  is  tenne<l  flashing, 

2.  Of  a  blast-furnace.  Sec  Dam- plate  ;  Dam- 
stone. 

Da-maa'cus-l'rozL  Damascus-iron  is  produced 
by  the  following  method  :  — 

*  Unite  by  welding  twenty-five  bars  of  iron  and 
mild  steel  alternately,  each  about  2  feet  long,  2 
inches  wide,  and  |  inch  thick,  and  having  drawn 
the  fagot  into  a  Imr  |  inch  square,  cut  it  into 
lengths  of  5  or  6  feet.  One  of  these  pieces  is  heated 
to  redness,  and  one  end  is  held  firmly  in  a  vice, 
while  the  other  is  twisted  by  a  \iTench  or  tongs, 
which  shortens  the  rod  to  half  its  length  and  makes 
it  cylindrical.  If  two  of  these  twisteii  pieces  are  to 
be  welded  together,  they  are  turned  in  diverse  di- 
rections, one  to  the  right  and  the  other  to  the  left ; 
these  are  laid  parallel  to  each  other,  welded  and 
flattened.  If  three  rods  b«i  used,  the  outside  ones 
turn  in  a  direction  the  opposite  of  the  middle  one, 
and  this  produc&s  the  handsomest  figure.  By  these 
operations  the  alternations  of  iron  and  steel  change 
places  at  each  half-revolution  of  the  square  ro3, 
composed  of  twenty-five  laminsB,  the  external  layers 
winaing  round  the  interior  ones  ;  thus  forming,  when 
flatten^  into  a  ribbon,  irregular  concentric  ovals  or 
circles.  The  fineness  of  the  Damascus  depends  upon 
the  number  and  thickness  of  the  alternations  ;  and 
the  figure  of  the  ribbon,  when  brought  out  by  acids, 
resembles  that  of  a  curled  ostiich  feather,  but  when 
wound  into  a  spiral  form  and  united  on  its  edge  by 
jumping,  the  edges  bend  around,  and  the  figure  is 
complete.  Other  modes  might  be  mention^,  but 
all  involve  the  same  principles.     See  WooTZ. 

Da-maB'cus-twiflt  A  kind  of  gun-ban-el  made 
of  a  ribbon  of  Damascus-iron  coiled  around  a  man- 
drel and  welded.     See  Damascus-iron. 

Dam'aBk.  1.  {Fdbric.)  a.  A  rich  silk  stuff 
originally  made  at  Damascus  and  thence  deriving  its 
name.    It  had  raised  figures  in  various  patterns,  and 
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flowers  iu  their  natnml  colors  embossed  upon  a  white 
or  colored  ground.  The  wodi  was  probably  of  the 
nature  of  embroidery  in  the  first  -pkice,  but  the  fig- 
ures were  afterwards  exhibited  on  the  muface  by  a 
pccaliar  arrangement  of  the  loom,  which  brought  up 
certain  of  the  colors  and  depressed  others,  according 
to  the  requirements  of  the  patteni. 

We  read  of  similar  goods  in  the  year  1805  b.  c, 
when  Deborah  celebrated  the  victory  over  Sisera :  — 

**  Divers  colors  of  needlework  on  both  sides,  meet 
for  the  necks  of  them  that  take  the  spoil.'* 

The  events  of  the  bloody  battle  of  Mt.  Tabor  took 
place  but  four  davs'  march  from  Damascus,  and  it  is 
probable  that  this  ancient  city  was,  as  early  as  the 
times  of  Abraham  (1996-1822  b.  c),  the  workshop 
of  articles  in  metal,  silk,  wool,  and  flax,  -as  well  as 
the  depot  of  an  extensive  trade  between  the  Orien- 
tals on  the  east  and  the  Phoenicians,  the  carriers  of 
antiquity,  on  the  west. 

Abraham's  steward  was  .a  man  of  Damascus,  and, 
in  default  of  issue,  would  have  been  heir  to  his  prop- 
erty. Through  all  the  uproar  of  antiquity  Damascus 
has  maintained  a  prominent  position,  being  geograph- 
ically well  situated  and  rich  in  the  great  necessity  of 
a  warm  climate,  water. 

"  Are  not  Abana  and  Pharpar,  rivers  of  Damascus, 
better  than  all  the  waters  of  Israel  /"  said  the  haughty 
Syrian. 

Mohammed  refused  io  enter  the  city,  as  it  was 
decreed  that  a  man  could  enter  Paradise  but  once, 
and  he  did  not  wish  to  exhaust  his  chances  by  an 
entrance  on  a  paradise  ujjon  earth. 

The  steel,  the  roses,  and  the  fabrics  of  DanuLscus 
survivjB  in  most  modem  languages. 

The  rich  work  of  the  looms  of  Damascus  opened 
the  eyes  of  tlje  rugged  men  of  the  West,  who  alter- 
nately won  and  lost  the  rocky  mountain-road  which 
led  to  Jerusalem,  and  the  fabric  has  retained  its 
name  and  substantially  its  character  ever  since. 

Silk  and  worsted  damasks  were  favorite  materials 
with  our  grandmothers  for  bed-hangings,  curtains, 
and  the  upliolstering  of  furniture. 

**  A  bed  of  andent  damask.'' 

b.  A  woven  fabric  of  linen,  extensively  made  in 
Scotland  and  Ireland,  and  used  for  table-cloths,  fine 
toweling,  napkius,  etc.  By  a  particular  management 
of  the  warp-threkds  in  the  loom,  figures,  fruits,  and 
flowers  are  exhibited  on  the  surface,  as  in  the  ancient 
damask.  It  is  known  as  washing  damask,  or,  when 
unbleached,  as  brouni  damask. 

A  small  patterned  toweling,  known  as  diaper,  has 
a  figure  produced  in  the  same  manner. 

e.  Stun  Avithawavy  or  watered  appearance.   Moire. 

2.  (AfelaUurgy.)  A  wavy  pattern  shown  in  ar- 
ticles forged  from  a  combined  iron  and  steel  blank. 
The  two  metals  are  mechanically  associated,  and  the 
her  is  then  twisted,  doubled,  welded,  or  otherwise 
treated,  so  as  to  convolve  the  fibers  of  the  respective 
metals.  When  the  foiging  and  grinding  (and  temper- 
ing if  a  sword)  are  completed,  the  article  is  dipped 
in  acidulated  water,  which  corrodes  the  steel  and 
does  not  afl^ect  the  iron.  The  steel  waves  thus  ap- 
pear black,  and  the  iron  remains  white. 

The  damask  is  produced  by  the  unequal  tendency 
to  oxidation  of  the  two  metais. 

It  must  not,  however,  be  supposed  that  mere 
ornamentation  is  the  principal  object  of  the  me- 
chanical combination  of  the  metals.  The  main  ob- 
ject is  quality  of  the  blade  or  the  barrel,  as  the  case 
may  be,  and  the  figure  demonstrates  visibly  the  de- 
gree and  completeness  of  the  a-ssociation  ;  not  inter- 
mixture, as  the  lines  of  demarcation  are  well  marked, 
though  the  lamime  are  indissolubly  welded.    • 


If  the  steel  be  drawn  lengthwise,  the  veins  of  the 
pattern  will  be  longitudinal ;  if  the  metal  be  ex- 
tended eaually  in  different  directions,  the  veins  will 
be  crystalline  ;  if  it  be  made  wavv  in  two  directions, 
there  will  be  various  shades  and  gradations,  as  in 
the  Oriental  damask.  The  orbicmar  veins  or  any 
oth«r  pattern  is  pro<luced  by  peculiar  turns  and 
manipulations,  and  de{>ends  upon  the  skill  of  the 
workman. 

Dam'ask-cajypet.  Also  known  as  British,  a 
damask  Venetian.  A  variety  of  carpet  resembling 
the  Kidderminstfer  in  the  mode  of  weaving,  but  ex- 
posing the  vHirp  instead  of  the  toefi. 

Dam'ask-eeii.  The  name  is  derived  from 
Damascus,  where  the  art  is  held  to  have  originated. 

It  means  to  ornament  one  metal  by  another  by 
inlaying  or  incrustation,  as,  for  instance,  aswora- 
blade  of  steel,  by  figures  of  gold.  The  metal  to  be 
ornamented  is  carvwi  or  etched,  and  the  hollows  or 
lines  filled  in  with  the  gold  or  silver,  and  united  by 
hammering  or  by  solder.  It  was  practiced  as  early 
as  617  B.  c.  bv  Glaucus  of  Chit>s.  The  analogous 
oneration  of  inlaying  bronze  and  stones  with  gold  or 
suver  was  practic^  at  remote  periods  by  the 
Egyptians,  as  the  statues  and  scarabasi  witness. 
This  mode  of  decoration  of  metal  is  principally  ap- 
plied to  the  ornamentation  of  swoixls  and  other 
weapons,  and  has  three  forms  among  the  Persians, 
where  the  art  is  prhicipally  practiced. 

a.  The  design  is  drawn  by  a  brush,  engraved, 
wires  laid  in  so  as  to  project,  and  fastened  at  points 
by  golden  nails.  The  surface  of  the  gold  inlay  is 
then  engraved. 

6.  The  engraved  blade  is  filled  even  to  the  surface 
with  gold,  which  is  pressed  in  and  ]>olished  by  a 
bumislier  of  nephrite. 

c.  The  design  consists  of  a  great  number  of  minute 
holes,  which  are  filled  with  gold-wire  burnished  in. 

Dam'aBk-loom.  A  loom  for  weaving  figured 
fabrics.     See  Jacquakd. 

Dam'aBk-steeL  The  steel  of  Damascus  origi- 
nally ;  the  pi-ocess  traveled  into  Khorassan  and  Per- 
sia, where  it  prospered  long,  but  decayed  as  the  hordes 
swept  over  tne  countr3\  It  is  a  laminated  metal  of 
pure  iron  and  steel,  of  peculiar  quality,  produced  by 
careful  heating,  labonous  forging,  doubling,  and 
twisting.  See  Damascus- iron. 
'  Da-maase'.  (Fabric.)  A  Flan-  Flg.l6ea 
ders  linen,  woven  with  flowers  and 
figures,  and  resembling  damask. 

Dam'aa-ain.  (Fabric.)  A  silk 
damask  containing  gold  or  silver 
flowers  in  the  fabric. 

Damp'er.  1.  A  plate 
in  an  air-duct,  whether 
air  draft  or  flue,  for  the 
purpose  of  regulating 
the  enei^  of  the  fire 
by  regulating  the  area 
of  the  passage  of  ingress 
or  egress,  as  the  case  may  be, 

Dampers  are  of  various  forms:  like 
butterfly- valves,  as  in  the  illustra- 
tion ;  hinged  flaps,  like  clack-valves ; 
sliding  or  rotating  grates,  like  reg- 
isters, etc.  The  damper  is  to  the 
air-pipe  or  flue  what  the  valve  or 
faucet  is  to  the  duct  for  steam  or 
liquids. 

The  register  or  damper- valve  for 
chimneys  is  an  old  English  inven-       stove- Pipe 
tion,  and  is  referred  to  as  such  by        Damper. 
Savot,  in  his  book,  1624. 

The  Laconicum,  or  stove  of  Laoonia,  used  in  heat- 


Digitized  by 


Google 


DAMPER-REGULATOR. 


676 


DAM-PLATE. 


ing  the  itir  of  the  8ti'e4itiii^-apartment  of  the  Roman 
baths,  wa9  heated  by  the  flames  of  the  hypoodttstum 
beneath  the  floor.  The  heat  of  the  stove  was  regii- 
kted  by  means  of  a  brazen  shield  saspended  by  a 
chain  so  as  to  close  entirely  or  {>artially  the  opening 
of  communication  between  the  stove  and  the  base- 
ment furnace.  In  the  Baths  of  Titus  a  globe  at- 
tached to  a  chain  acted  as  a  ball-valve  in  the  same 
manner  as  a  damper. 

The  dampers  of  furnaces  are  either  in  the  door  of 
the  ash-pit,  to  regulate  the  ingress  of  air,  or  in  the 
course  of  or  on  top  of  the  chimney,  to  close  the 
egress  of  the  volatile  results  of  combustion.  In  the 
latter  form  they  are  used  in  almost  nil  metallui^c 
furnaces. 

In  Fig.  1591,  the  furnace-door  and  flue-door  are 
respectively  furnished  with  dampers,  so  connected 

Hg.  Ifiei. 


Damper  for  Hot'Air  Furnaces. 

that  when  one  is  opened  the  other  is  closed,  and 
vice  versa. 

2»  {Afiisic.)  A  padded  finger  in  a  piano  move- 
ment which  comes  against  the  strings  and  limits  the 
period  of  the  vibrations.  Its  normal  position  is 
upon  the  string,  from  whence  it  is  lifted  by  a  wire 
as  the  key  is  depressed  by  the  player. 

The  damper  has  assumed  vanous  forms  :  the  single 
action,  in  which  the  damper- wire  a  rests  on  the  key  ^ 
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the  double  action,  in  which  the  damper- wire  b  rests 
on  a  separate  lever  below. 

Bacon  says  :  **  In  spinets,  as  soon  as  the  spine 
is  let  fall  to  touch  the  string,  the  sound  ceases. 

Damp'er-reg^-la'tor.    A  device,  by  which  the 


heat  of  a  furnace  or  the  pressure  of  steam  is  made  to 
vary  the  ?irea  of  the  air-supply  opening  of  the  fur- 
nace, or  of  the  flue  which  carries  from  the  furnace 
the  volatile  resulta  of  combustion. 

In  the  former  case  the  device  is  thermostatic, 
usually  consisting  of  a  rod  or  combination  of  rods, 
which  lengthen  or  shorten  as  the  heat  increases  or 
diminishes  above  a  determinate  point ;  the  said 
variation  in  length  acting  mechanically  bv  suitable 
connections  to  open  or  close  a  damper  in  the  ash-pit 
door  or  the  flue. 

The  damper-regulators  which  act  by  the  pressure 
of  steam  are  of  three  or  more  kinds. 

a.  A  tube  is  inserted  in  the  top  of  the  boiler,  and 
its  open  end  descends  below  the  water-level.  The 
pressure  of  the  steam  supports  a  column  of  water  in 
this  tube,  and.  the  bight  of  the  column  varies  with 
the  pressure  of  steam.  A  float  in  the  tube  is  sup- 
ported upon  the  water ;  a  chain  from  the  float 
passes'over  one  or  more  pulleys,  and  is  carried  to  the 
damper  which  is  suspended  to  it.  When  the  pres- 
sure of  steam  is  de- 
creased by  its  with-  71g.  1588. 

drawal  for  the  use 
of  the  engine  or  by 
the  slackness  of  the 
fire,  the  column  of 
water  descends, 
bearing  the  float 
with  it.  The  float 
draws  upon  the 
chain  and  raises 
the  damper,  so  as 
to  allow  a  greater 
draft  and  urge  the 
fire. 

b,  A  device  act- 
ing by  the  direct, 
pressure  of  steam 
ajB;ainst  a  piston  or 
diaphragm,  to  ac- 
tuate a  lever  whicli 
will  open  or  clasc 
the    draft     as     a  ' 

greater      or      less  Domper'ReguUuor, 

amount  of  heat  is 

required.  The  base  A  is  fitted  on  the  boiler,  and 
the  steam  through  B  acts  within  the  expansible  hol- 
low disks  C  a  to  raise  the  rod  ff,  which  lifts  the 
lever  Z,  or,  when  the  pressure  slacks,  by  the  col- 
la})se  of  the  disks  to  let  the  lever  fall. 

c  An  electro-magnetic  device  in  which  a  column 
of  mercury  is  lifted  by  the  pressure  of  steam,  and 
when  above  or  below  its  normal  or  detenninate  level 
closes  a  circuit  and  brings  into  action  an  armature 
which  o{>ens  or  closes  the  furnace-door. 

Damp^ing-ma-ohine'.  1.  { Printing.)  A  ma- 
chine for  damping  sheets  of  paper  previous  to  print- 
ing. A  certain  amount  of  tne  paper  may  be  thor- 
oughly ivetted  and  built  up  between  dry  quires  into 
a  pile,  by  their  own  weight  or  pressure  causing  an 
equal  distribution  ;  or  a  quire  may  be  quickly  passed 
under  water  an<l  out  again  and  then  Duilt  up  with 
others  into  a  pile  ;  or  a  spaiger  may  be  used,  as  in 
the  perfecting  presses  which  print  from  a  roll,  which 
sencls  a  fine  spray  upon  the  |iaper  as  it  is  rolled  off 
from  one  rod  and  rolled  on  to  another. 

2.  A  macliiue  in  which  starched  goods  are  mois- 
tened previous  to  running  them  through  the  calen- 
dering-machine,  to  give  them  a  finished  and  lustrous 
surface. 

Dam-plate.  A  plate  in  front  of  the  dam-sUme 
which  fom|B  the  bottom  of  the  hearth  in  a  blast-fur- 
nace. •  See  Blast-furnacb. 
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Fig.  1594. 

J 


l'''ll 


Dftmping'MadUne. 

Dam'seL  A  projection  ou  a  mill-stone  spindle 
for  shaking  the  snoe. 

Dam-«tone.  The  stone  at  the  bottom  of  the 
hearth  of  a  blast-furnace.   >  See  Blast-fuunaoe. 

Dan.  {Mining.)  A  truck  or  sled  used  in  coal-mines. 

Da'na-ide.  A  water-wheel  having  a  vertical 
axis  and  inner  and  outer  diums  between  which  radi- 
al floats  are  attached.  The  water  acts  tangentially 
upon  the  spirallv  arranged  radia)  floats,  passes  down 
between  the  said  inner  and  outer  cases,  and  is  dis- 
charged at  the  bottom.  The  water  dashes  upon  the 
wheel  from  a  chute,  and,  the  floats  being  spiral,  the 
wheel  may  be  said  to  act  by  percussion  and  recoil. 
A  tiUhwfuel, 

Dan'dy.  1.  {Nautical.)  A  sloop  or  cutter  with 
a  jigger-mast  abaft,  on  which  a  mizzen  lug-sail  is  set. 

2.  {Paper-making,)  A  perforated  roller  employed 
to  press  out  the  surplus  water  and  set  the  paper. 
Patented  in  England  by  Wilks,  in  1880.  A  partial 
vacuum  is  obtained  in  that  part  of  the  roller  on 
which  the  paper  rests. 

Dan'dy-bmah.  A  hard,  whalebone-bristle  brush. 

Dan'dy-hone.    A  velocipede. 

Dan'dy-rig  Catter.  A  peculiarly  ligg^d  sloop. 
See  Dandy. 

Dan'dy-roU'er.  {Paper.)  A  sieve-roller  be- 
neath which  the  web  of  paper-pulp  passes,  and  by 
which  it  is  compacted  and  pariially  drained  of  its 
water.  It  may  be  made  the  means  for  water-mark- 
ing the  paper.  The  paper  passes  thence  to  the  first 
pair  of  pressing-rollers.     A  daiidy. 

Dan'lell'B  Bat'ter-v.  The  double-fluid  battery 
invented  by  John  Frederick  Daniell,  F.  R.  S.,  who 
received  the  Copley  medal  from  the  Royal  Society  in 
1837  for  this  invention  ;  he  died  in  1845. 

Ajar  of  glass  or  earthenware,  in  which  fits  a  plate 
of  copper  bent  into  cylindrical  form.  Within  the 
copper  is  a  porous  cup  containing  the  zinc.  The 
liquids  used  are  a  saturated  solution  of  sulphate  of 
copper  in  the  outer  cell,  and  of  sulphuric  acid  in 
the  inner  cell  or  porous  cup. 

To  the  copper  a  perforated  shelf  or  jacket  is  often 
attached  for  holding  crystals  of  sulphate  of  copper, 
so  that  the  solution  nuvy  be  kept  at  the  point  of 
saturation.    See  Galvanic  Battery. 


Danish  Bal'anoe.  A  form  of  the  steelyard, 
the  inverse  of  the  Roman  or  Chinese.  The 
weight  and  load  are  suspended  at  the  respective 
ends,  and  the  suspension-loop  is  shifted  along 
the  beam  till  equilibrium  is  attained.  The 
weight  of  the  goods  is  thus  to  the  weight  of 
the  bob  reciprocally  as  their  respective  distance 
from  the  loop.     (See  Fig.  680.) 

Dara>y.  {Plasterinrj.)  A  float-tool  used  by 
plasterei-s  in  working  on  ceilings  especially.  It 
IS  3A  feet  long  and  7  inches  wide,  witK  two 
handles  ou  the  back  by  which  it  is  manipulated. 
Dark-boz.  A  closed  chamber  in  wnich  an 
electric  light  is  placed  in  order  that  experiments 
may  be  deprive<l  of  all  light  except  tlie  beams 
issuing  at  the  lens.     See  Electhic  Light. 

Dark-f^Laaa'es.    Shades  fitted  to  optical  re- 

llecting-instruments  to  intercept  the  sun's  rays. 

'  Dark-lan'tem.  A  lantern  iiaving  a  circular 

shade  which  may  be  use<l  to  clowe  the  aperture 

and  hide  the  light.     (See  Fig.  972.) 

•*  My  father  and  I  with  a  dark  lanthorn,  it  be- 
'  ingnow  night. "  —  Pepys's  Diary,  1667. 

DarkHmde.  {PItutography.)  The  holder 
for  the  sensitized  plate.    See  Plate-uouieb. 

Dark-'vrell.   A  cell  elevated  beneath  a  trans- 
parent object  in  a  microscope,  to  form  an  oimque 
background  when  the  said  object  is  to  be  viewed 
as  illuminated  by  light  from  above. 
Dam'ing-last    A  iwtato,  an  egg,  an  apple,  or 
a  small  gourd,  to  stretch  a  yiortion  of  a  stocking  while 
being  darned. 

Daxn'ins-iiee'dle.  One  of  laip}  size  for  cann- 
ing a  woolen  yarn  in  stopping  holes  in  knitted  or 
woven  fabrics. 

Dart.  A  missile  si>ear  or  javelin  much  in  use 
among  the  ancients,  and  yet  seen  among  many  of  the 
nioi-e  barbarous  nutious.  The  Caff^res  of  South  Africa 
and  the  aboriginal  inhabitants  of  Australia  are  very 
ex[)ert  in  the  use  of  the  assegai.  The  darts  in  use 
among  the  ancients  were  of  two  kinds,  namely,  sjiear- 
licadcS  (that  is,  without  barbs),  or  bearded.  The 
former  were  often  attached  to  a  long  cord,  enabling 
the  thrower  to  recover  his  weapon  after  having 
thrown  it.  Dart- heads  are  usually  made  of  iron, 
but  among  savage  nations  flints,  sca-shclls,  fish- 
bones, and  other  hard  substances,  have  lieen  em- 
ployed ;  and  among  sonic  of  the  aboriginal  inhabi- 
tants of  Africa  and  America  the  dart  was  merely  a, 
sharp- pointed  stick,  the  end  of  which  was  carbon- 
ized by  fire.  The  weapon  is  al^-ays  veiy  simple  in 
its  construction,  and  is  usually  from  3  to  5  feet  long. 
Dash.  1.  {Printing.)  A  short  line  ( — )  occur- 
ring in  a  sentence  to  mark  a  significant  pause  of 
more  moment  than  that  indicated  by  a  comma. 

Also  used  to  indicate  a  consecutive  series,  as, 
John  xiv.  1-8.     Also  used  as  a  "ditto  "  mark. 

The  ejii-dflw/us  the  length  of  the  "em"  of  its  font ; 
the  en-dash  one  half  the  former.  The  (louble-da,s?i 
has  the  length  of  two  em's. 

2.   {Vehicle.)     Formerly  splash-board.     A   boanl 
or  fender  erected  on  the  forepart  of  the  bed,  and 
standing  in  front  of  the  driver.     A  dash-board. 
Dash-board.     1.  The  float  of  a  paddle-wheel. 
2.  The  splash-board  of  a  vehicle. 
Daah-pot.    A  contrivance  for  easing  the  fall  of 
a  weight.     The  falliug-rod  is  connected  to  the  pis- 
ton, and  the  latter  plunges  into  the  water  contained 
in  the  cylinder.     See  Cttt-off  (Fig.  1571). 

Daah-role.  ( Printing. )  A  rule  between  articles 
across  a  column  or  page,  and  shorter  than  the  width- 
mea.sure.  • 

Daah-<wheeL    (Bleaching. )    A  wheel  with  com-  . 
partmeut  revolving  partially  in  a  cistern,  to  wash 
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and  liuse  calico  in  the  piece,  by  alternately  dipping 
it  in  the  water  and  t^en  dashing  it  from  aide  to  side 
of  the  compartments  as  the  wheel  rotates. 

Da-aym'e-ter.  An  instrument  for  weighing  gases. 
It  consists  of  a  thin  glass  globe,  which  is  weighed  in 
the  gas  and  then  in  an  atmosphere  of  known  density. 

Da'taxn-line.  {Engineeriiig,)  The  horizontal 
line  of  a  section  from  which  all  bights  and  depths 
are  calculated. 

Daub'ing.  1.  (Cun-yiiig.)  Or  dubbing.  A  mix- 
ture of  fish-oil  and  tallow  which  is  worked  into 
leather  after  the  latter  has  been  shaved  by  the  knife 
at  the  currier's  beam. 

2.  (Plastering,)  a.  A  rough  coat  of  mortar 
thrown  upon  a  wall,  and  supposed  to  give  it  the 
appearance  of  stone.     Rouffh-caat. 

b.  The  chinking  or  closing  of  tlie  apertures  be- 
tween the  logs  of  a  cabin.  The  daubing  is  usually 
mud.  The  chimneys,  made  of  sticks,  are  also 
daubed  inside  and  out. 

Davit.  {Nautical.)  a.  A  beam  projecting  from 
a  ship's  bow,  for  the  attachment  of  the  tackle 
whereby  the  anchor-tluke  is  lifted  without  dragging 
against  the  side  of  the  vesseL  The  operation  is 
termed  fishing  tlie  anchor, 

b.  One  of  a  pair  of  cranes  on  the  gunwale  of  a 
ship,  from  which  are  suspended  the  qtiarUr  or  othex 


Fig.  150& 


Fig.  1687. 


Ship\%  Davit, 

boats.  The  boat-tackles  are  attached  to  rings  in  the 
bow  and  stem  of  the  boat  respectively,  and  the  fall 
is  belayed  on  deck.  When  the  boat  is  lowered  the 
hooks  of  the  fall-blocks  are  cast  off  simultaneously, 
or  great  danger  results,  when 
the  ship  is  under  way.  See 
Boat- LOWERING  Apparatus, 
p.  314. 

DaVit-faU   Hook.     A 
hook  having  a  means  for  in- 
stant unclutching  or  releast^, 
and   used  at  the  end  of 
davit-fall  to  engage  a  ring-bolt 

Fig.  1586. 


Davit-Vhtt  Hook. 


Fali^Boek  Hook. 


at  the  stem  or  stem  of  a  boat.  See  Boat-detachino 
Apparatus;  Davit. 

In  Fig.  1596,  the  hooked  ends  are  kept  together 
by  the  suspending-chain,  and  are  opened  by  their 
weighted  arms  as  the  boat  touches  the  water. 

In  Fig.  .1597,  the  hook  is  capsized  by  a  lever  and 
a  cord. 

Da'vy-lamp.  (Mining.)  The  safety-lamp  of 
Sir  Humphry  Davy,  in  which  a  wii^e-gauze  en- 
velo]»e  covers  the  flame-chamber  and  prevents  the 
l^s^e  of  liame  outwai-d  to  the  explosive  atmos- 
phere of  the  mine,  while  it  allows  circulation  of  air. 
See  Safety-lamp. 

Day.  The  light  of  a  window  in  a  bay ;  the  dis- 
tance between  mullions. 

Day-lev'eL  (Mining.)  An  aditt  or  sottgh,  A 
drift  whose  outer  end  is  at  the  natural  surface,  open 
to  the  day. 

D-block.  (Nautical.)  A  block  bolted  to  the 
ship's  side  in  the  channels,  to  reeve  the  lifts  through. 

Dead.  1.  Lustci'less  ;  as  of  some  kinds  of  unpol- 
ished or  unbumished  metallic  surfaces-.  McUt.  Also 
of  color  ^-ithout  brilliancy,  as  dead  color.   Destemper. 

2.  False  ;  as  of  imitation  doors  and  windows,  put 
in  as  architectural  devices  to  balance  narts.  • 

3.  Motionless;  as  the  dead  spindle  of  a  lathe, 
which  does  not  rotate.  A  rf<jarf-lcck.  Dead-center 
of  a  crank. 

4.  Opaque;  as  a  (2ca<I- light  or  shutter  over  a  cabin 
window. 

6.  Solid,  wUhotU  light  or  opening  ;  as  a  dead-wall^ 
a  dead-pkUe,  or  unperforated  portion  of  a  furnace- 
grate  ;  the  dead-wood  of  a  ship. 

6.  Useless;  as  dead  steam,   that  is,   exhausted.  • 
Dead-head,  a  feeding-head  or  sullage-piece.     Dead- 
weigJU,    Deads  in  mining,  the  useless  substances 
which  enclose  the  ore. 

7.  Soundless ;  as  a  dead-floor,  which  absorbs  the 
sound. 

8.  Flat ;  as  a  dead-smooth  file  ;  having  the  least 
possible  bight  of  teeth.     Dead-level. 

Dead-an'gle.  (Fortificati4m.)  The  space  in  front 
of  a  parai>et  which  is  out  of  view  of  the  soldiers  in 
the  work,  and  which  they  cannot  fire  upon. 

Daad-azle.  An  axle  which  runs,  out  does  not 
communicate  motion,  as  distinguished  from  a  driv- 
iiu/-ax1e,  which  is  a  /tue-axle. 

Dead-beat  ZSB-oape'ment.  This,  which  is  also 
known  as  the  escapement  of  repose,  was  invented  by 
Graham  about  1700,  and  was  intended  to  Isolate  the 
going  works  more  completely  from  the  pendulum. 
The  seconds-hand  in.  the  dead-beat  stands  still  after 
each  drop,  whereas  in  the  recoil-escapement  there  is 
a  back-lash  to  the  train. 

The  working  surfaces  of  the 
pallets  of  the  anchor  in  this 
escapement  are  curved  con- 
centrically with  the  axis  of 
oscillation  of  the  anchor. 
When  a  pallet  escapes  from 
one  tooth  and  allows  a  partial 
rotation  of  the  scape-wneel,  a 
tooth  on  the  opposite  side  is  ( 
arrested  by  the  other  pallet, 
but  without  giving  any  back- 
lash to  the  wheel,  which  wouhl 
cause  a  recoil  to  the  train  of 
gearing. 

The  term  dead-beat  is  to 
contradistinguish  it  from  the 
reonV-escapement  (see  Fig.  198),  in  which  the  work- 
ing faces  are  curved  eccentrically  in  relation  to  their 
nxis  of  oscillation  so  as  to  ofier  a  slight  impediment 
to  the  motion  of  the  wiieel.     This  impediment 


Fig.  1586. 
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canscs  a  slight  recoil  of  the  scape-wheel,  which  is 
communicatni  to  the  train.  The  pallets  in  the  re- 
o^escapement  are  both  check  ana  impulse,  but  in 
the  deaa-beeU  one  is  simply  check  and  the  other  gives 
a  tdight  hnpulse  at  the  moment  of  escaping.  The 
impulse  given  to  the  pallet  is  communicated  to  the 
pendulum,  to  overcome  the  friction  on  the  pendulum 
bearing  and  the  resistance  of  the  air,  and  thereby 
keep  the  beats  of  the  pendulum  isochronous.  The 
cylinder  or  horizontal  escapement  is  a  dead-beat  es- 
capement for  watches,  and  was  also  invented  by 
Graham. 

Dead-oen'ter.  One  of  the  two  points  in  the 
orbit  of  a  crank  in  which  it  is  in  line  with  the  con- 
nectiug-rod.  •  The  dead-point, 

Deiul-ooror-ing.  {Painting.)  A  tirst  layer  of 
color  forming  a  basis  for  that  which  succeeds  it.  It 
is  called  dead  because  it  has  no  gloss,  and  is  to  be 
hidden  by  the  finishing  coats.     Dealemper. 

Dead'-door.  {Shipbuilding. )  One  fitted  in  ex- 
terior rabbets,  to  protect  a  cabin  window  or  cover 
an  opening  when  the  lights  are  carried  away. 

l>ead'en-ing.  1.  {Carpentry.)  Packing  in  a 
floor,  ceiling,  or  wall,,  to  prevent  conduction  of 
sound.  Such  provision  constitutes  it  a  dead-floor, 
or , dead-wall.     Pttgging. 

2.  {Oildutg.)  A  thin  coat  of  glue,  slightly  warmed, 
smeared  over  a  surface  that  is  gilded  m  destemper, 
and  is  not  to  be  burnished. 

3.  Roughening  a  surface  to  diminish  the  flitter. 
Dead-eya.    {NaiUical.)    a.  A  block  without  a 

sheave,  probably  so  nametl  from  a  grotesque 
?!g.  1599.  resemblance  to  a  death's-head  or  skull. 
Such  are  those  flat,  round  blocks  fixed  in 
the  channels,  and  having  eyes  for  the  lanyards 
by  which  the  shrouds  are  set  up.  The  cir- 
cumferential groove  for  the  shroud  is  called 
the  aeore.  The  dead-eye  is  also  known  as  a 
ram-block. 

b.     The  crow-fed  dead-eyes  are  cylinders 
with  a  number  of  holes  for  the  linea  com- 
posing the  crow's-foot.    A  euphroe  or  uvrow. 
\     c.  The  eye-bolt  or  staple  on  the  gunwale 
of  a  canal-boat  to  which  the  towing-line  is 
1)ent.  The  line  is  retained  by  a  key  of  wood, 
which  passes  through  the  eye  and  is  cast 
loose  by  pulling  out  or  bi*eaking  the  key. 
I     Dead-falL    {Machinery.)     1.  A   dump- 
f  ing-platform  at  the  mouth  of  a  mine. 

2.  A  trap  in  which  a  falling  gate,  board, 
or  log  drops  upon  the  game  and  kills  it. 
Used  especially  for  vermin. 
Dead-file.  One  whose  cuts  are  so  fine 
Dftffi.  and  close  that  its  operations  are  practically 
Eyt.    noiseless.      See  Dead-smooth  File. 

Dead-flat.    The  midship  bend  or  frame 
having  the  greatest  breadth. 

Dead-fine.  One  which  is  bricked  up  at  bottom 
and  discontinued. 

Dead-gold.  The  unbnrnished  surface  of  gold  or 
gold-leaf,  from  the  electro  bath  or  the  hands  of  the 
gilder.  Parts  of  objects  are  frequently  left  unbur- 
nished  as  a  foil  to  the  brilliant  and  lustrous  burnished 
portions.     Gilders  call  it  matt.    See  Gilding. 

Dead-ground,  {^fining.)  A  body  of  non- 
metalliferous  rock  dividing  a  vein,  which  passes  on 
each  side  of  it.  The  vein  is  said  to  taJce  horse,  in 
allusion  to  its  straddling  the  intervening  rock. 

Dead'-head.  1.  {Ordnance.)  An  extra  length 
of  metal  cast  on  the  muzzle  end  of  a  gun  in  order  to 
contain  the  dross  and  porous  metal  which  floats  on 
the  sounder  metal  beneath.  When  cooled  and  solid 
the  dead-head  is  cut  off. 

2.  {Fownding.)  That  piece  on  a  casting  which  fills 


the  ingate  at  which  the  metal  entered  the  mold.     A 
feeding-head  or  sulluge-picce. 

3.  {Lathe.)  The  tail-stock  of  a  lathe  containing  the 
dead-spindle  and  back-center ;  in  contradistinction 
to  the  live-head  or  head-stock  at  the  other  end  of  the 
sheers,  which  contains  the  lire- spindle, 

4.  (Nautical. )  A  block  of  wcod  used  as  an  anchor- 
buoy. 

Dead'ingi  {Ste^m -engine.)  The  clothing  or 
jacket  around  a  steam  boiler  or  cylinder  to  prevent 
radiation  of  heat.      Cleading  ;  lagging. 

Dead-latch.  A  kind  of  latch  wnose  bolt  may 
be  so  locked  by  a  detent  that  it  cannot  be  opened 
from  the  inside  by  the  handle  or  from  the  outride  by 
the  latch-key.  Tlie  detent  is  usually  eajwble  of 
locking  the  bolt  in  or  out,  so  that  the  device  fbims 
a  latch,  a  dead-lock,  or  is  made  inoperative,  as  de- 
sired. 

'Dead-Defter.  (Printing.)  Type  which  has  been 
used  for  printing,  and  is  ready  for  distribution. 
Dead  matter. 

Dead-li^^t.  {Nautical.)  A  shutter  placed  over 
a  cabin  window  in  stormy  weather,  to  defend  the 
glass  against  the  blows  of  the  waves. 

Dead— lock.  {Locksmithing.)  A  lock  operated 
on  one  side  by  a  handle  and  on  the  other  side  by  a 
key. 

Dead  Met'aL  Metal,  such  as  gold  or  silver,  left 
with  dead  or  lusteriess,  that  is,  unbumished  or 
unpolished,  surface.     Mail. 

Dead-plate.  (Furnace.)  An  ungrated  portion 
of  a  furnace  floor,  on  which  coal  is  coked  previously 
to  pushing  into  the  fire  above  the  grates.  It  was 
introduced  by  Watt  in  his  patent  of  1785. 

Dead-point.  One  of  the  ])oints  at  which  the 
crank  assumes  a  position  in  line  with  the  pitman  or 
the  rod  which  impels  it.  In  steam-engines  with 
vertical  cylinders,  the  dead-points  are  the  highest 
and  lowest  positions  of  the  crank.     A  dead-center. 

Dead-ris'in^  The  portion  of  the  ship's  bottom 
formed  by  the  floor  timbers. 

Deads.  (Mining.)  Non-metalliferous  rock  ex- 
cavated around  a  vein  or  in  forming  drifts,  levels, 
shafts,  cross-courses,  etc.  Many  veins  are  too  nar- 
row for  working,  and  the  walls  have  then  to  be  cut 
into  to  afford  space.  Such  work,  as  yielding  nothing, 
is  called  dead-work  or  ttU-work,  and  the  proceeds  are 
(leads  or  atHe,  to  be  got  rid  of  as  economically  as 
possible,  by  sending  up  to  the  surface,  or  filling  up 
the  gunnies  and  goofs  of  old  workings. 

Dead-sbeave.  {Nautical.)  A  scored  channel 
for  the  run  of  a  rojw  ;  destitute  of  a  sheave. 

Dead-ehore.  A  timber  strut  worked  up  in  brick- 
work to  support  a  8uperincuml>ent  mass,  till  the 
brick-work  which  is  to  carry  it  has  set  or  become 
hanl. 

Dead-emootfa  File.  A  file  whose  teeth  are  of 
the  finest  and  closest  quality.  The  grades  are  as 
follows  :  — 


Kough. 

Second-cut. 

Middle-cut. 

Smooth. 

Bastard. 

Dead-smooth 

The  number  of  the  teeth  to  the  inch  of  a  decul- 
smooth  file  varies  with  its  length  in  inches. 

Inches    .4  6  8  12        16        20 

Cuts       .     216        144        112        88        76        64 

The  angle  of  the  chisel  in  cutting  is  about  4°  from 
the  perpendicular. 

Dead-spin'dle.  (Lathe.)  The  non -rotating  spin- 
dle ill  the  tail-stock  or  dead-head  of  a  lathe. 

Dead-steam.  Steam  destitute  of  ener(^%  in- 
active from  want  of  heat,  from  having  attained  its 
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ultimate  expansion,  or  from  being  so  placed  as  to 
have  no  effective  value  in  any  given  case. 


Dead-stroke   Ham'mer. 

Fig.  leoo 


A     power-hammer 
which  delivers  its 


blow  without 
lieing  affected  'by 
the  recoil  of  the 
shaft  on  which 
the  ram  or  ham- 
mer is  stocked. 
The  frame  A  has 
a  crank-wheel  C 
connected  by  a 
ro<l  D  to  the 
spring  Ef  from 
which  the  ham- 
mer is  suspended. 
The  latter  moves 
in  guides  F, 

Dead-wall. 
A  w^all  unrelieved 
by  w^indows  or 
other  openings. 

Dead-weight. 
The  weight  of  the 
vehicle  of  any 
kind ;  that  which 
must  be  trans- 
jK)rted  in  addition 
Dead-Stroke  Hammer.  to  the  load.      The 

extent  of  dead- 
weight In  railway  traffic  may  be  judged  from  the 
following  estimate :  — 

PoundB. 


Weight  of  locomotive  and  tender 
One  baggago-car    . 
Three  66-seat  passenger-cars 
One  sleeping-car    . 


104,000 
25,000 
84,000 
40,000 


253,000 

These  cars,  if  filled,  will  carry  about  194  jwissen- 
gers,  which  will  give  1,304  pounds  of  dead- weight 
for  eairh  person  carried. 

Dead-welL  A  well  dug  through  a  stratum  im- 
pervious to  water  and  penetrating  a  porous  strata ; 
used  to  allow  surface-water  to  pass  away,  or  to  carry 
off  by  infiltration  refuse  water  of  factories,  dye- 
houses,  etc.    An  ah9orhing-yr^\.     See  Drain- well. 

Dead-woond.  {ShipbuUding.)  The  solid  mass 
of  built-up  timbers  at  the  narrow  portions  of  the 
extremities  of  a  ship's  frame,  fore  and  aft,  above  the 
keel,  and  continued  as  high  as  tlie  cutting -douni- 
line.  In  arctic  vessels  the  dead-wood  is  in  unusual 
quantit}%  to  give  solidity  to  a  structure  liable  to  con- 
tact with  ice-tioes  and  drifts. 

Dead-works.  The  parts  of  a  vess<*l  above  th(> 
load  water-line. 

Deal.  A  plank  12  feet  long,  11  inches  wide,  and 
2J  inches  thick.  Deals  are  sawed  of  other  sizes,  but 
are  reduced  to  that  cubic  dimension  in  computing 
them. 

Pmctice  may  differ  in  different  countries.  The 
above  is  the  Ottawa  rule.  In  England,  lumber  not 
exceeding  3  inches  in  thickness  and  9  inches  wide. 

Deal-frame.  A  gang-saw  for  slitting  deals  or 
balks  of  nine-timber. 

The  illustration  shows  the  English  form  of  the 
machine,  which  has  two  separate  saw-gates  a  a, 
worked  fi'om  diametrically  opposite  cranks  on  one 
shaft  h.  The  feed  is  continuous,  and  the  rate  of 
advance  adjustable  from  18  inches  to  72  inches  per 
minute.  The  feed-motion  is  by  a  friction-disk  c, 
rod  A,  worm  c,  and  wheel/,  and  the  rate  is  adjusted 


»g.  1601. 
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by  a  lever  which  raises  or  lowers  the  frictioD-wheel  d 
on  the  disk. 

Dean.    {Mining,)    The  end  of  a  level  or  gallery. 

Dear'bom.  A  light  four-wheeled  family  car- 
riage of  moderate  pretensions  and  named  after  the 
designer. 

De-bage'.  {Fabric,)  A  dress-coods  like  alpaca, 
having  a  cotton  warp  and  a  woolen  filling,  which 
is  dyed  in  the  wool  and  mixed  in  the  thread. 

De-blai'.  {FoH\1icnJbum,)  The  excavated  earth 
which  forms  the  rtmhlai  or  elevated  work. 

De-bran'ning-ma-ohine'.  A  machine  or  pro- 
cess for  decorticating  gi-ain.  It  is  accomplished  by 
steaming  and  rubbing,  by  a  partial  fjinding,  or  by 
a  process  equivalent  to  rasping.  See  Deoorticator. 

De'boa-oope.  A  modification  of  the  kaleido- 
scope, invented  by  M.  Debus,  a  French  optician. 
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It  consiats  of  two  highly  i)olished  silvered  plates,  set 
at  an  angle  of  70°  with  each  other.  When  placed  be- 
fore a  picture  or  design,  an  assemblage  of  flower 
petals,  or  other  small  coloi'ed  objects,  beautiful  de- 
signs are  fonued  by  their  reflected  images.  The  in- 
strument is  held  stationary  while  these  are  copied, 
and  by  successively  moving  it  over  the  object,  dif- 
ferent combinations  of  figui-es  are  shown,  which  may 
be  added  to  the  first.  It  is  particularlv  intended 
for  the  use  of  draftsmen  who  are  requiiied  to  design 
ornamental  pattegis  for  fabrics. 

Deo'a-onord'on.  An  ancient  form  of  harp 
having  ten  strings. 

De-oan-ta'tlon.  The  pouring  of  a  clear  lic^uid 
from  the  sediment.  In  starch-making  and  operations 
on  a  similar  scale  it  is  performed  by  siphons. 

De-oar'bon-is'iiig-ftir'xiaoe.  A  furnace  in 
which  superfluous  carbon  is  burned  out  of  a  metal. 
The  term  is  a  very  general  one,  and  may  include  the 
boiling  and  puddling  furnaces  in  which  cast-iron  is 
heated  to  make  the  metal  malleable. 

Fig.  1602  shows  a  decarbonizing  and  desulphiuiz- 
ing  furnace  in  which  the  air  from  the  blast-wneel  is 
conducted  by  chamber  A  and  tuyeres  B  to  the  fuel- 
chamber,  wnence  the  flame  procee<ls  to  the  dome  N, 

Fig.  IJKKi. 


Decarbonizing  and  DesulphvHzing  Fttmaee. 

and  acts  upon  the  pig-iron  F,  which  is  piled  upon 
the  hearth  E,  As  tlie  iron  melts  it  runs  through 
the  throat  G,  and  falls. down  the  shaft  K,  upon  the 
platform  ff,  where  it  rebounds  in  fine  particles,  and 
IS  exposed  to  the  air  from  the  blast-pipe  L  and  its 
tuyeres,  collecting  in  the  hearth  /.  N  is  the  char- 
gin^-hole  ;  J/,  damper  ;  J,  exit-flue. 

Deck.  (Shipbuildmg. )  A  floor  in  a  ship  above 
the  boftom  of  thfe  hold.  Boats  have  no  ])ermaneiit 
decks,  but  are  sometimes  temporarily  covered  with 
a  preventer-deck. 

The  deck  is  said  to  have  been  a  Thasian  invention  ; 
flrst,  as  a  protection  to  the  rowers  beneath.  In  its 
primary  form  it  was  a  scaflbld,  one  at  the  prow  and 
another  at  the  stem,  for  the  combatants. 

Decks  may  run  from  stem  to  stem,  or  be  but  par- 


tial. Some  fishing-craft  have  a  partial  deck  forming 
a  cuddy. 

Vessels  are  classed,  for  some  purposes,  by  the  num- 
ber of  their  decks  ;  as,  singU-dcckcdf  two-decked, 
Uiree-decked. 

In  three-decked  ships  the  decks  above  the  water- 
line  are  known  as  the  upper  or  spar^  main,  middle, 
gun  or  lower  deck.  In  two-decked  ships,  the  upper 
or  spar,  main,  and  gun  deck. 

In  frigates  and  merchant- vessels,  the  upper  and 
main  decks. 

The  deck  next  below  the  water-line  is  the  orlop- 
deck  in  two  or  three  deckers,  but  is  known  as  tne 
lower  deck  in  ve-ssels  of  the  lower  giudes.  The  after- 
part  of  the  orlop-deck  is  the  cock-pit. 

A  passage  round  the  orZop-d'eck,  to  get  at  the  ship's 
side  for  repairs  during  action,  is  called  the  wing- 
passage.  On  this  deck  are  the  cabins  and  berths  of 
officers  and  men. 

A  complete  deck  over  the  main-deck  is  the  spar 
or  Jlush  deck. 

The  forecastle  is  the  foremost  part,  and  the  quarter- 
deck the  aftermost  part,  of  the  ^jpar-deck  ;  the  waist 
is  the  space  amidships. 

A  small  deck  at  the  after  end  is  the  poop  or  round- 
Ihouse,  and  usually  extends  to  the  mizzen.  Above  it 
is  the  poop-deck. 

A  similar  deck  at  the  forward  end 'is  called  the 
topgallaitt-forecadle. 

A  transverse  deck  extending  across  the  middle  of 
the  vessel  is  called  a  AwrricaTitf-deck,  hridge-dei:V,  or 
bridge.  It  is  common  in  steam- vessels,  coveiiiig 
the  space  between  the  paddle-boxes. 

Detached  buildings  on  a  deck  are  dcck-hoiises. 

The  openings  in  a  deck  ai-e  ladder^ways  or  haich- 
ways.      Ttceen-decks  is  the  space  l>elow  the  spar-deck. 

The  former  is  by  a  hood  or  covering  called  a  com- 
panian.    The  coveiings  of  a  hatcJiioay  are  liatches. 

The  raised  ledges  around  the  hatchway  ai-e  coam- 
ings in  the  fore  and  aft  direction  ;  head-ledges  in  the 
parts  athwartships. 

Glasses  inserted  in  holes  made  in  a  deck  are 
called  deck-lights,  and  serve  to  light  cabins  below. 

Deok-bridge.  1.  One  in  which  the  track  oc- 
cupies the  up])er  stringer,  as  distinguished  from  one 
in  which  the  track,  whether  for  cars  or  carriages, 
rests  on  the  lower  stringer  and  forms  a  through 
bridge. 

2.  A  platfomi  connecting  the  paddle-boxes  of  a 
side- wheel  steamer,  or  above  ana  across  the  deck 
amidships  of  a  propeller. 

Deok'el.  {Paper-making.)  A  curb,  which  by 
confining  the  pulp  determines  the  width  of  the  sheet 
or  roll  of  paper.  In  hand-inachines  it  is  a  loose 
I'ectangular  frame  of  wood. 

In  machine  work  it  is  continuous ;  usually  of 
linen  and  caoutchouc  along  the  two  margins  of  the 
apron.  The  uncut  edge  of  paper  is  known  as  the 
deckel  edge. 

Deck^eed  Piunp.  (Nautical.)  A  hand-pump 
used  for  wa.shing  decKs,  feeding  the  boiler,  etc. 

Deok-hook.  (Shipbuilding.)  A  thwartship- 
fitune  crossing  the  apron  in  a  nearly  horizontal  posi- 
tion, to  strengthen  the  bow  and  sup|K)rt  the  forward 
end  of  the  deck.     See  Stem. 

Deok-light.  A  bulFs-eye  or  thick  glass  wijidow 
let  into  an  upper  deck  to  li^ht  a  cabin  or  stateroom. 
Side-\ig]\t3  are  made  in  a  similar  manner,  and  light 
the  staterooms  through  windows  in  the  side  of  the 
vessel. 

A  has  a  bull's-eye  g  and  a  screw-ring  which  is 
forced  into  an  elastic  packing  in  the  face  of  the  glass, 
whose  frame  is  rotatea  by  rack  /  as  it  moves  to  and 
from  the  opening. 
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Fig.  1008. 


Deck  and  Side  Lights. 

Bt  a  light  c  is  held  in  a  frame  6,  which  is  secnred 
to  the  post  by  screws  g. 

C  has  a  light  c  in  a  boshing  b,  secui-ed  in  the  post- 
frame  d. 

D  has  a  frame  B  hinged  to  frame  A,  and  securiMl 
3y  a  screw. 

In  E  the  light  frame  a  is  secured  to  h  by  hinges 
and  a  swinging  ann  c. 

F  is  secuivd  in  a  somewhat  similar  manner. 

Deok-naiL  A  diamond-shapeil  spike  for  nailing 
down  the  deck-plankH. 

Deok-plate.  {Steam-ovjim.)  A  plate  around 
the  chimney  of  a  marine-engine  furnace,  to  keep 
the  same  from  contact  with  the  wood  of  the  deck. 

Deok-stop'per.  A  c4ible-stop])er  on  deck,  to 
secure  the  cable'  forward  of  the  windlass  while  it  is 
being  overhauled ;  or  one  abaft  the  bitts  to  keep 
more  cable  from  ninning  out.. 

Deok-tran'som.  {Shiphui'din^f.)  A  horizontal 
timber  under  a  ship's  counter. 

Deoli-na'tioxL  {Com})ass.)  The  horizontal  angle 
which  a  needle  makes  with  the  meridian.  Faria- 
lion. 

Deoli-na'tor.  An  instrument  used  in  dialing, 
for  takin.i;  the  declination  and  inclination  of  a  plane. 

De-olin'ing-di'al.  One  which  cuts  either  the 
plane  of  the  prime  vertical  circle  or  plane  of  the 
horizon  obliquely. 

Deoli-nom'e-ter.  An  apparatus  for  measuring 
the  declination  of  the  magnetic  needle  ;  its  variation 
from  the  true  meridian. 

De-ooo'tion.  An  aqueous  solution  of  the  active 
principles  of  any  substance,  obtained  by  boiling. 

De-olor-im'e-ter.  A  measurer  of  the  effects  of 
bleaching-powder. 

An  instrument  to  test  the  power  of  charcoal  in  its 
divided  state  in  decolorizing  solutions.  It  is  a 
graduated  tube  charged  with  a  t«st  solution  of  indigo 
or  mola.««ses. 

De-ool'or-ing-A^le.  A  method  of  calico-print- 
ing in  which  the  piece  of  goods  is  colored,  and  a 
part  of  it  —  forming  a  given  pattern  —  Is  subse- 
quently discharged.  Also  known  as  the  discharge- 
style.  It  may  be  done  by  printing  a  dyed  piece 
with  something  which  cancels  a  portion  of  the  color, 
or  by  printing  an  uncolored  piece  with  a  substance 
which  keeps   the  color  from   jienetrating   certain 


parts.  This  is  called  the  resist-style.  By  printing 
certain  parts  with  a  mordant,  then  coloring,  a  sub- 
sequent' washing  may  remove  all  trace  of  dye 
except  at  the  mordanted  parts.     See  Calico-peint- 

INO. 

De-cor'ti-ca'tor.  A  process  or  a  machine  for 
removing  the  hull  from  grain.  In  the  hominy-mill 
the  fibrous  envelope  is  taken  from  the  com,  which 
may  be  left  nearly  intact  otherwise,  if  desired.  The 
process  is  sometimes  peifomied  by  a  preliminary 
steaming,  followed  by  iiibbing  or  ^-asping.  Decorti- 
cating was  nracticed  by  the  Boraans,  the  whole  grain 
being  pounded  in  mortars  with  some  abradant  which 
rasp^otf  the  cuticle  or  bran.  Mills  for  decorticat- 
ing are  known  in  England  as  barley -mills,  that  grain 
being  principally  used  as  human  food  in  the  condi- 
tion Known  as  /xjrtW  barley.  The  Iwrley-mill  has  a 
roughened  exterior,  and  revolves  in  a  wooden  casing. 
The  middle  portion  of  the  latter  is  lined  with  sheet- 
iron  pierced  like  a  grater  with  holes,  the  sharp  edges 
of  which  turn  upward.  In  Germany  grain  is  decor- 
ticated between  stones  set  at  such  a  distance  apart 
as  to  rasp  the  bran  off  the  grain  vidthout  mashing 
the  latter. 

Com  is  sometimes  decorticated  by  steeping  in  lye 
of  wood  ashes.  The  wfioh  hominy  thus  obtained  is 
then  repeatedly  washed  to  extric-ate  the  pota.sh. 

A  Prassian  process  is  a  modification  of  the  cen- 
trifu^l  machine,  in  which  the  bran  is  removed  by 
friction  of  its  kernels  iri-espcctive  of  any  artificially 
prepared  abrading  suifaces.  A  vertical  casing  has  a 
number  of  hoiizontal  annular  shelves,  arranged  con- 
centrically with  an  internal  cylindrical  dram.  This 
latter  has  radial  vanes,  which  sweep  in  tlie  spaces 
between  the  shelves.  A  portion  of  the  casing  is 
made  of  sheet-metal,  and  perforated  in  such  manner 
that  currents  of  air,  induced  in  the  operation  of  the 
machine,  pass  out  from  the  casing  and  thence  into 
a  dust  or  bran  chamber,  and  cairy  with  them  the 
dust  and  bran  as  fast  as  they  are  liberated  from  the 
grain.  The  grain  being  placed  upon  the  shelves, 
the  rotation  of  the  dram  causes  its  vanes  to  carry  the 
grain  ai-ound  at  the  rate  of  about  three  thousand  feet 
per  minute.  The  time  required  to  wholly  remove 
the  useless  envelopes  from  the  kernels  is  very  short, 
only  from  three  to  four  minutes,  and  by  yentilating- 
^Missages  any  undue  heating  is  prevent4*d. 

Decus-so'ri-nm.  An  instramont  for  depressing 
the  dura  mater  after  trephining.  —  Thomas. 

Deeps.  {Nautical.)  The  estimated  fathoms  be- 
tween the  murks  on  the  hand  lead-line.  Sec  Marks 
AND  Dkeps. 

Deep-sea  Une.    (Nautical.)    a.  A  water-laid 
line  of  200  fathoms,   and  used  with  a  28-pound 
weight  in  sounding.     It  is  usually  marked  as  fol- 
lows in  the  British  service :  — 
2  and  8  fathoms,  black  leather. 
5  fathoms,  white  bunting. 
7        "        red  bunting. 

10        **        leather  with  a  perforation. 

13         **        bkck  leather. 

16  **        white  bunting. 

17  "        red  bunting. 
20        **        two  knots. 
30        **        three  knots. 

40        **        four  knots,  etc. 

A  single  knot  marks  the  intermediate  five  fathoms 
over  twenty  fathoms. 

h.  A  line  for  deep-sea  fishing.     A  ewf-line. 

Deep-well  Pomp.  A  pump  specifically  adapted 
for  oil  and  brine  wells  wnich  are  bored  of  small 
diametera  and  to  great  depths.  From  the  necessities 
of  the  case,  the  working  parts  must  b^  contained 
within  a  single  tube,  which  has  the  lower  valves 
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ng.  leoi.  and  generally  a  strainer  at  the  foot.     Such 


the  crarilied  juice  to  another  I'eservoir  or 
to  the  filtura. 

In  other  forms,  the  juice  is  exposed  in  a  shower 
to  the  fumes  of  sulphurous  acid  g&s,  which  tends  to 
arrest  the  fermentation  incident  to  the  presence  of 
nitrogeneous  matters  in  the  juice.  Defecators  for 
sorghum  partake  of  the  character  of  filters,  the 
action  being  principally  mechanical  in  arresting  the 
floating  matters  that  render  the  liquid  turbid. 

De-file'xnent.  (Forti/ication.)  Tlie  arrangement 
of  a  fortification  in  regard  to  the  hight  of  its 
parapet  and  direction  of  its  faces,  so  as  to  secure  it 
firora  an  enfilading  or  reverse  fire. 

Defla-^ra'tion.  Thesud- 
Vlg.  1006.  den  combustion   of   a    sub- 

stance   for  the    purpose    of 
producing  some  change  in  its 
composition     by    the    joint 
.action  of  heat  and  oxygen. 
It  is   usimlly  performed  by 
ry.  projecting      in      a     red-hot 
crucible,  in  small  f>ortions  at 
V   a  time,  a  mixture  of  about 
equal  parts  of  the  body  to  be 
oxidized,     and     nitrate     or 
chlorate  of  potash   or  other 
energetic  oxydizer. 

Defla-^ra'tor.     An    in- 
strument  for  producing  in- 
tense heat.     Tt  is  jijenerally  a 
D^agnuor,  form  of  the  voltaic  battery. 


Such  was  used  by  Davv  in  1807-8,  when  he  de- 
composed soda,  potash,  borax,  and  lime. 

In  the  form  invented  by  Dr.  Hare  of  Philadelphia, 
it  is  composed  of  a  single  sheet  each  of  copper  and 
zinc  rolled  helically  upon  a  central  cylinder  of  wood. 
The  two  metals  are  prevented  from  touching  each 
other  by  intervening  pieces  of  cloth  or  twine.  It  is 
dipped  in  a  tub  of  acululated  water,  and  derives  its 
name  from  its  powerful  heating  effects. 

De'fleo-tom'e-ter.  An  instrument  for  measur- 
ing the  deflection  of  a  rail  by  a  weight  in  rapid  mo- 
tion. 

De-fleof  or.  A  plate,  diaphragm,  or  cone  in  a 
lamp,  furnace,  or  stove,  to  bring  the  flame  and  gases 
into  intimate  contact  and  improve  the  combustion. 

Deg'ging-ma-ohlne'.  {CoUon.)  One  for  damp- 
ingthe  fabric  in  the  process  of  calendering. 

Dekle.  A  curb  which  determines  the  margin  of 
the  sheet  of  pulp  in  hand-made  paper. 

A  strip,  sometimes  of  caouttmouc,  lying  on  the 
edge  of  the  traveling  cloth  in  a  Fourdrinier  machine, 
and  forming  the  edge  of  the  sheet.     A  deckle. 

De-laine'.  {Fabric.)  A  lady's  dress-goods  with 
a  cotton  chain,  woolen  filling,  untwilled.  It  is  dyed, 
figured  in  the  loom,  or  printed. 

All-wool  delaines  are  similar,  excepting  that  the 
chain  is  of  wool. 

**  The  Gauls  have  a  coarse,  long-wooled  sheep,  from 
which  they  weave  the  thick  saga  called  laines." 

DeQtt.  {Printing.)  The  expunging  term  of  the 
proof-reader,  marked  on  the  margin. 

Delft-blne.  {Calieo-printing.)  A  mode  of  print- 
ing, also  known  as  China  blue.     See  Calico-print- 

Deltt^ware.  A  kind  of  pottery  originally  man- 
ufactured at  Delft,  in  Holland,  in  the  fourteenth 
century.  It  is  now  considered  coarse,  but  was  among 
the  best  of  its  day,  being  considei-ed  enual  to  the 
Italian  in  quality,  but  som^^what  inferior  in  its  orna- 
mentation. 

The  glaze  of  the  Delft-ware  is  made  as  follows : 
Kelp  and  "Woolwich  aand  are  calcined  together,  to 
form  a  vitreous  mass  called  frit.  Lead  and  tin  are 
calcined  to  form  a  gray,  powdery  oxide.  The  frit  is 
])owdered  and  mixed  with  the  oxide,  zaffre  being 
added  to  confer  blue  color,  arsenic  for  dead-white. 
This  is  fused,  making  an  opaque  enamel ;  ground 
and  mixed  to  the  consistence  of  cream. 

Delft-ware  is  made  of  a  calcareous  clay  of  varying 
color,  which  is  ground  in  water,  strained,  and 
evaporated  to  a  plastic  consistence  ;  it  is  then  tem- 
pered, and  stolid  in  cellars  to  ripen.  Prolonged 
storage  increases  its  tenacity  and  plasticity.  It  is 
then  kneaded,  without  sand  ;  formed  on  the  wheel, 
dried,  and  partially  burned,  reaching  the  biscuit 
condition.  The  bibulous  ware  is  then  glazed,  dried, 
imcked  in  aaggars,  which  are  piled  in  the  kiln  and 
[)aked. 

De-lin'e-a'tor.  1.  (Tailoring.)  A  pattern  formed 
by  rule ;  being  expansible  in  the  directions  where 
the  sizes  vary,  as  indicated  by  the  varying  lengtlis 
obtained  by  measurement. 

2.  (Surveying.)  A  perambulator,  or  geodetical 
instrument  on  wheels,  with  registering  devices  for 
recording  distances  between  points;  a  pendulum 
arrangement  by  which  a  profile  line  is  inscribed  on 
a  traveling  strip  ;  and  certain  other  data,  according 
to  constniction. 

De-llv'er-ing-rolL    See  Delivery-roller. 

De-llv'e-ry.  (Foundiruf.)  The  draft  or  allow- 
ance by  which  a  pattern  is  made  to  free  itself  from 
close  lateral  contact  with  the  sand  of  the  mold  as  it 
is  lifted.     Also  called  draw-taper. 

De-liv'er-y-roU'er.    That  roller  in  a  carding, 
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paper,  calendering,  or  other  machine,  which  conducts 
the  object  finally  from  the  operative  portions  of  the 
appamtus. 

be-liv'er-y-valve.  That  valve  through  which 
the  discharge  of  a  pumped  fluid  occurs,  as  the  upper 
valve  of  the  air-pump  in  the  condensing;  steam ^n- 
gine,  through  which  water  is  lifted  into  the  hot-well. 
Delph.  (Hydraulic  Engineering. )  The  drain  on 
the  land  side  of  a  sea  embankment.  It  should  be 
at  sufficient  distance  not  to  encourage  the  percolation 
of  water  from  the  outside  of  the  bank,  or  the  slip- 
ping of  the  bank  from  outside  pressure.  Thirty-six 
feet  from  the  foot  of  the  bank,  12  feet  width  at 
top,  6  feet  at  bottom,  and  a  depth  of  4  or  5  feet,  arc 
appi'ove<l  proportionate  dimensions. 

De  Luc's  CoVumn.  A  dry  galvanic  pile  made 
by  alternating  plates  or  sheets,  such  as  silver,  zinc, 
and  paper. 

Deml-bas'tlOil.  (Fortification. )  A  single  face 
and  Hank,, resembling  the  half  of  a  bastion. 

Dem'i-oan'non.  An  old  33-pounder  of  6^  inches 
bore  and  a  length  of  10  or  12  feet.  "  What 's  this  ? 
a  sleeve  ?  't  is  like  a  demi-cannon." —  Petrughio. 

Dem'i-cap^on-niere.  (Fortijication.)  A  con- 
struction across  the  ditch  having  but  one  parapet 
and  glacis. 

Deml-cir'cle.    An   instrument    for  measuring 

and  indicating  angles.     It  resembles  a  protractor, 

and  has  sights  at  each 

Fi^.  1007.  end  of  its  diameter, 

also  sights  at  each  end 

of  a   rule  or  alidade 

fg,  which  has  an  axis 

at  e  over  the  center  of 

the  circle,   so^  as    to 

<  sweep   the   graduated 

arc  c  a  rf.     A  given 

object  being  observed 

from  a  station,  through 

the    sights    c  d,   the 

alidade  is  adjusted  so 

that  the  other  object 

i<  observable  through 

the  sights  on  /  g.   The 

DemimCircU.  i>oint  of  the  rule  then 

indicates    the    angle. 

In  the  middle  of  the  instrument  is  a  compass  to  show 

the  magnetic  bearings. 

By  providing  the  instrument  with  telescopes,  a 
considerable  degree  of  accuracy  may  be  attaineo,  and 
more  distant  points  conveniently  observed. 

It  is  a  modest  substitute  for  the  theodolite.  The 
plane  of  the  instniment  is  placed  horizontally  for 
taking  distances,  and  vertiatUy  for  hights. 

Dem'i-cni'ver-ixL  An  old  9-pounder,  with  4- 
inch  bore  and  a  length  of  9  feet. 

Deml-gorge.  (Fortijicaiion.)  The  line  formed 
by  the  prolongation  of  the  curtain  to  the  center  of  a 
bastion. 

Deml-lune.  (Fortification..)  An  outwork  of  the 
nature  of  a  ravelin. 

Deml-par'al-leL    (Fortificatimi.)    Shorter  en- 
ti*enchments  thrown  up  between  the  main  parallels 
of  attack,  for  the  protection  of  guards  of  the  trenches. 
Deml-re-lier.    Or  demi-rilievo.     A  term  ap- 
plied to  sculpture  projecting  moderately  from  the 
face  of  a  wall ;  half  raised,  as  if  cut  in  two,  and  half 
only  fixed  to  the  plane.      Mezzo-rilievo.     A  degi'ee 
between  alto  and  hassto  rilievo. 
Dem'i-ri^-e'vo.    See  Demi-krlief. 
Dem'i-re-vet'ment.    (Fortification.)    A  retain- 
ing wall  for  a  scarp,  covering  it  as  high  as  protected 
by  the  crest  of  the  glacis. 
Dexn'i-tint.    A  half-tint  or  medium  shade  of  col- 


Dendromatr. 


or.  In  studying  architectural  effects  it  is  observable 
that  the  demi-tint  is  the  shade  seen  when  the  sun's 
rays  strike  the  side  of  a  house  at  a  certain  angle,  say 
45**,  with  the  ground  plane. 

De-my'.  A  size  of  drawing  and  flat  writing  paper, 
varying  with  ditterent  makers  unfortunately,  out 
quoted  by  Ringwalt  as  10  x  20  or  16  x  21  inches. 

Square  demy  is  17  x  17  inches. 

Dem'y-os'tage.  A  woolen  stuff  used  in  Scot- 
land. 

Den-drom'e-ter.  An  instrument  for  measuring 
the  hight  and  diameter  of  trees,  to  estimate  the  cubic 
feet  of  timber  therein.  It  has  means  for  taking 
vertical  and  horizontal  angles,  and  is  mounted  on  a 
tripod  stand.    An 

upright  stem  rises  **«•  1608. 

from  the  top- 
plate,  at  the  end 
of  which  is  a  ball, 
with  a  hole  per- 
forated through 
it  to  receive  the 
horizontal  stem  of 
the  instrument ; 
b  c  may  be  called 
the  base  limb  of 
the  instiiiment, 
which  is  brought 
to  an  exact  hori- 
zontal position  by 
means  of  the  level 

d.  The  limb  e 
lises  on  a  joint  at 

e,  and  slides  upon 
a  vertical,  gradu- 
ated arc/.  At  the  joint  c  is  an  eye-piece  through 
which  the  surveyor  looks  along  the  side  of  the  bar 
6,  to  a  small  point  or  rising  ed^  at  the  end  of  the 
biar  ;  the  part  of  the  tree  cut  by  this  line  of  obser- 
vation will,  if  the  tree  is  properly  adjusted,  be  per- 
fectly horizontal  with  the  eye-piece.  Another  eye- 
piece is  also  placed  on  the  upper  side  of  ihc 
rising  limb,  for  the  purpose  of  looking  along  this 
limb  to  a  point  or  rising  edge  e  in  its  extremity. 
The  surveyor  elevates  this  limb  until  that  part  of 
the  tree  to  which  the  mea.snrement  is  designed  to 
extend  is  exactly  cut  by  the  line  of  observation, 
and  the  angle  subtended  between  that  and  the 
horizontal  is  shown  upon  the  vertical  arc  /.  The 
graduations  of  the  arc  /  are  not  angles  of  altitude, 
but  marks  or  graduations  answering  to  feet  and 
inches  of  a  tangent  line,  extending  from  the  hori- 
zontal point  upward,  taken  at  a  given  distance  from 
the  tree  ;  consequently  there  are  two  or  more  rows 
of  divisions,  answering  to  the  several  distances  at 
which  the  instrument  may  be  planted.  These  may 
be  25  feet  and  50  feet,  and  the  graduations  made 
accordingly ;  the  longer  distance  for  lai^r  trees, 
an.d  the  smaller  for  those  of  lower  stature. 

The  horizontal  angles  which  are  to  determine  the 
diameter  of  the  truhk,  at  the  several  points  of  ob- 
servation, are  ascertained  by  the  limb  y,  which  slides 
laterally  upon  an  arc  or  graduated  plate  A,  divided 
upon  the  same  principles  as  the  arc  /.  The  limbs 
hot  e  being  fixed,  so  as  to  coincide  with  one  side  of 
the  trunk,  the  limb  g  is  then  moved  until  it  coin- 
cides with  the  other  side  of  the  trunk,  and  the 
angle  subtended  between  the  two  shows  by  the 
graduated  plate  h  the  diameter  in  feet  and  inches  of 
the  trunk  at  the  point  of  observation. 

The  length  of  tne  trunk,  and  its  diameter  at  the 
several  imrts,  being  thus  ascertained  by  the  instru- 
ment, recourse  must  then  be  had  to  tables,  calcula- 
tions, or  the  oi*dinary  sliding  rule,  for  the  purpose 
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of  obtaining  from  these  measurements  the  solid  con- 
tents of  the  timber  in  the  tree.  Adjusting  screws, 
circular  racks,  and  pinions  afford  means  for  adjust- 
ing the  limbs  of  the  instrument,  and  altering  their 
position,  as  circumstances  may  require ;  and  when 
crooked  arms  or  bent  portions  of  the  tnmk  present 
themselves,  the  instrument  may  be  turned  upon  its 
pin,  in  the  ball  at  the  top  of  the  stem  a,  and  used  in 
an  inclined  position. 

Den'im.  {Fabric,)  A  colored,  twilled  cotton 
cloth  used  for  overalls. 

Den^markHMit'ixL  A  narrow  worsted  stutf, 
woven  with  a  satin  twill  and  used  for  ladies'  shoes. 

Den'net.  A  light,  open,  two-wheeled  carriage 
like  a  gig,  hung  by  a  commnation  of  three  springs  ; 
two  of  which  are  placed  across  the  axle,  at  right 
angles  with  it,  the  third  being  suspended  from  them 
behind  by  shackles. 

Den-^m'e-ter.  An  instrument  contrived  bv 
Colonel  Mallet,  of  the  French  army,  and  M.  Bianchi, 
for  ascertaining  the  specific  gravity  of  gunpowder. 

It  consists  of  a  glass  globe  having  a  tube  which 
communicates  with  a  quantity  of  mercury  in  an  open 


The  globe  is  joined  at  top  to  a  graduated 
glass  tube,  which  may,  by  means  of  a  flexible  tube, 
be  connected  with  an  air-pump.  A  diaphragm  of 
chamois  skin  fits  over  the  lower,  and  one  of  wire- 
cloth  over  the  upper  orifice  of  the  globe,  and  the 
tubes  above  and  below  these  orifices  are  provided 
with  stop-cocks. 

For  ascertaining  the  density  of  the  gunpowder,  the 
air  is  exhausted  from  the  globe  by  means  of  the  air- 
pump,  until  the  mercury  rises  to  a  certain  mark  on 
the  graduated  tube,  when  the  globe  is  detached  from 
its  support  and  weighed  ;  it  is  then  emptied  and 
cleaned,  and  a  given  weight  of  gimpowner  intro- 
duced, when  it  is  again  attached  to  tne  tubes  and 
the  air  exhausted  as  be(ore,  filling  with  mercury  all 
the  space  in  the  globe  not  occupied  by  the  powder, 
up  to  the  mark  before  indicated  ;  the  stop-cocks  are 
now  closed,  and  the  globe  once  more  detached  and 
we^hed. 

The  absolute  specific  gravity  of  the  powder  is  ob- 
tained by  multiplying  the  weight  of  the  [>owder  con- 
tained in  the  globe  by  the  known  specific  gravity  of 
mercury,  and  dividing  the  product  by  the  product 
resulting  from  multiplying  the  difference  between 
the  weight  of  the  globe  \vnen  filled  with  mercury 
alone,  and  its  weight  when  filled  with  mercury  and 
powder,  into  the  weight  of  the  powder  employed  in 
the  experiment. 

Dent  1.  {Weaving.)  One  of  t\iQ  sidits  of  the 
reed,  which  is  fixed  in  the  swinging  lathe,  and  whose 
office  it  is  to  beat  the  ice/Z-thread  up  to  the  web. 

2.  A  tooth  of  a  gear-wheel. 

3.  (Carding,)  The  wire  staple  that  fonus  the 
tooth  of  a  card.     See  Card. 

4.  A  salient  knob  or  tooth  in  the  works  of  a  lock. 
Den'tal   Ap'pa-ra'tns    and    Ap-pli'an-oes. 

See  under  the  following  heads  :  — 


Alveolar  forceps. 

Amalgam  manipulator. 

Anaesthetic  refrigerator. 

Annealing  lamp. 

Articulator. 

Atomizer. 

Automatic  lamp. 

Automatic  mallet. 

Blow-pipe. 

Broach. 

Bur. 

Bur-drill. 

Bur-gage.    ■ 


Burnisher. 
Cow-horn  forceps. 
Creosote-apparatus. 
Dental  chair. 
Dental  chisel. 
Dental  drill. 
Dental  file^. 
Dental  hammer. 
Dental  plugger. 
Dental  pump. 
Dentiscalp. 
Dentist's  flask. 
Denture. 


Scaler. 

Screw-forceps. 

Soldering-lamp. 

Spicula-mrceps. 

Spring  for  artificial  teeth. 

Stopping. 

Stump-extractor. 

Suction-plate. 

Tape-carrier. 

Thimble. 

Tongue-compressor. 

Tool-holder. 

Tooth.     Artificial 

Tooth-plugger. 

Tooth-saw. 

Trephine. 

Turnkey. 

Vulcanizer. 

y  ulcanizing-flask . 

Wedge-cutter. 


Excavator. 

File-carrier. 

Filling. 

Forceps. 

Fulcrum-forceps. 

Hoe. 

Impression-cup. 

Inhaler. 

Mallet. 

Month-glass. 

Nerve-instruments. 

Nerve-needle. 

Nipixjrs. 

Nitrous-oxide  apparatus 

Pivot-tooth. 

Plugger. 

Plugging-forceps. 

Porte-polisher. 

Rubber-gage. 

Saliva-pump. 

Herodotus  says  that,  in  the  practice  of  medicine 
and  surgery,  the  teeth  are  committed  to  one  set  of 
physicians. 

Den'tal  Ar-tio'u-la'tor.  An  instrument  for 
matching  the  dentures  of  upper  and  lower  jaw.  Sec 
Articulator. 

Den'tal  Chis'eL  For  excavating  cavities  in  the. 
teeth  or  cutting  the  natural  teeth  preparatory  to 
filling.  They  have  straight  or  oblique  edges,  and 
are  used  by  a  pushing  action.  Tools  of  other  shapes 
used  by  a  lateral,  rotatory,  or  drawing  action,  are 
Excavators,  Drills,  Buks,  etc.  (which  see). 

Den'tal-cut  Dove'taiL  A  dovetail  having  a 
number  of  dents  on  each  part  fitting  within  the  in- 
terdental space  of  the  fellow-portions.  Drawers  and 
well-constructed  boxes  are  thus  secured  at  their 
comers. 

Den'tal  DrilL  An  instrument  for  cutting  out 
carious  portions  of  teeth  ;  for  opening  out  a  nerve- 

rig.  1609. 


Dental  DriUs. 

cavity,  for  plu^ng,  or  for  the  insertion  of  a  pivot. 
I  The  drills  are  sized  and  shaped  for  their  work. 

ff,  Scranton -drill.  d,  flat-drill. 

b,  square-drill.  «,  Forbes-drill. 

c,  auger-drill. 

^  is  a  drill-stock  having  a  nut  a,  traversing  on  a 
spiral  stem  b.  B  has  a  bow  c,  whose  string  operates 
tne  whorl  d  and  the  tool-socket.  C  has  a  separate 
handle  and  flexible  coupling  w. 
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Den'tal  File.  One  made  for  use  in  operative 
or  mechanical  dentistry.  Among  these  may  be 
enumerated  the  following.  Their  names  are  indica- 
tive of  their  purposes. 


Biscuspid  file. 
Feather-edged  file. 
Finishing  nle. 
liateral  file. 
Knife-edge  file. 


Molar  file. 
Plug- finishing  file. 
Separating  file. 
Stump  file. 
Vulcanite  file. 


Den'tal  For'oeps.  The  dentist  uses  a  variety 
of  operating-forceps.  Some  are  distinguished  hy  their 
objective  names^  as  — 


Upper 
Unaer 


Molar  forceps. 
Denies  sapient i/K  forceps. 
Root  forceps. 
Alveolar  forceps. 
Spicula  forcei»8. 


er  forceps. 
Under  forceps. 
Front  forceps. 
Back  forceps. 
Incisor  forceps. 
Bicuspid  forceps. 

By  shape  or  peculiar  con/omiation :  — 
Sti-aight  forceps.  Narrow-beak  forceps. 

Curved  forceps.    .  Cow-horn  forceps. 

Bayonet-slia{)e  forceps.       Fulcrum  forceps. 
Hawk's-bill  forceps.  Screw  forceps. 

By  the  kind  of  duty : — 
Excising  foixieps.  Nipping  forceps. 

Separating  forcejis.  Plugging  forceps. 

Den'tal   Ham'mer.    An  instrument  for  plug- 
Pig  1610.  ging    teeth  ;    operated    by    the    alternate 

pressure  and  relaxation  of  pressure  of  the 

stock  upon  the  point.     The  plugging-tool 
presses  against   the  filling  in  the  tooth ; 
pivssure  on  the  case  makes  the  tool-stock 
recede,   imparting    its    movement  to   the 
lifting-bar   and    nammer,    until    the    bar 
passes  the  incline  of  the  wedge,  releases 
its   hold  on  the  catcli,    and   releases  the 
hammer,  which  descends  under  the  influ- 
ence of  the  spring.     The  force  is  at^ust- 
cd   by  devices   operated    by  an    exterior 
band. 
Den'tal  Plug'ger.    An  instrument  for 
compacting  the  metallic  filling 
Fig.  1611.  of  teeth. 

The  point  of  the  pluffger  con- 
tinues to  press  upon  the  metal 
in  the  cavity  of  the  tooth,  being 
actuated  by  the  tension  of  the 
spring,  while  the  tube  is  recipro- 
cated and  acts  by  concussion  on 
the  end  of  the  stem. 

Den^tal  Pomp.  An  appa- 
ratus for  withdrawing  the 
saliva  from  the  mouth  during 
dental  oi)eration8.  See  Saliva- 
tump. 

Denoted  Chis'eL  {Sadp- 
tare.)  A  chisel  with  a  dentated 
edge,  useil  in  carving  stone. 

Den-telle'.  {Bookbinding. ) 
An  ornamental  tooling  resem- 
bling notching  or  lace. 

Den'ta  {Architecture,)  A 
small  projecting  block  in  a  cor- 
nice. Frequently  introduced  in 
a  row  beneath  the  corona.    . 

Den'tl-soalp.     An  instru- 
ment for  sciiling  teeth. 
Den'tiBf  8  Chair.    A  chair 
Dental   provided  with  numerous  adjust- 
Dfnttd         •"•W?*^-  ments  to  suit  the  exigencies  of 
Hammer,  surgical  dentistry.     The  chair  itself  is  piv- 


ere. 
ble, 
»d. 
and 


Dentist'*  Chair. 

Den'tiBf  B  Flask.  A  case  in  which  a  molded 
vulcanite  Itase  for  dentures  is  subjected  to  the  heat 
of  the  mufile.  A  clamp  holds  the  parts  of  the  flask 
in  perfect  apposition.  j.    j^j^ 

Ffg.  1618. 


Dentitt*$  Flask. 

Den'tiaf  B  Fnr'naoe.  A 

ftimace  for  baJciiig  and  bunv- 

ing  porcelnin   teeth.     It  is 

made  of  fire-clay,  and  hooped 

with  sheet-iron.    The  figure  S.  S.  Wkiu's  DentinVs  F^ 

shows  the  furnace  arranged  "*"**• 

for  two  muffles.    The  latter  are  chambers,  like  those 

in  an  assay-furnace,  except  that  they  are  destitute 

of  the  slots  which  admit  tne  flame  to  the  contents  of 

the  muffle.     The  lower  opening  in  the  furnace  is  for 

draft,  and  leads  to  the  ash-pit. 

The  opening  above,  with  a  door,  is  that  of  the 
principal  muffle  in  which  the  porcelain  teeth  are 
burned.  In  these  articles,  as  in  the  usual  porcelain 
work,  there  are  several  operations.  The  teeth  are 
molded  and  then  baked^  which  forms  them  into  bis- 
cuit. They  are  then  painted  with  enamel  compound, 
and  a  second  operation,  with  much  inci^eased  heat, 
vitrifies  the  enamel  and  completes  the  operation, 
which  is  termed  burning. 

The  upper  muffle  is  for  baking  and  also  for  an- 
lualhufj  the  teeth  burned  in  the  lower  muffle  being 
subjectwl  in  the  upper  one  to  a  lower  heat,  which  is 
alloweil  gradually  to  abate,  so  that  the  teeth  shall 
not  crack. 
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The  opening  in  the  dome  is  for  fuel,  and  that  in 
the  top  for  a  chimney. 

These  furnaces  are  oval  in  form,  with  hinged 
doors,  the  center  sections  cased  with  sheet-iron.  The 
muffles  are  12  inches  long  by  3 J  inches  wide,  inside 
measurement.  The  outside  measurement  of  the  fur- 
nace is  43  inches  high,  21  inches  wide,  and  lt$ 
inches  deep. 

Denature.  An  artificial  tooth,  block,  or  set  of 
teeth.  The  former  are  partial  dentures,  the  latter 
U  a/wW  denture. 

They  may  be  classified^  follows  :  — . 

A  pivot-tooth  is  an  artificial  crown  set  upon  a 
natural  root. 

Dentures  made  from  dentine  or  river-horse  teeth, 
plate  and  teeth  carved  from  a  solid  block. 

Plates  carved  from  dentine  to  fit  the  gums,  or  the 
gums  and  the  roof  of  the  mouth,  upon  which  are 
pivoted  natural  human  teeth. 

Plates  made  of  gold  or  silver  fitted  to  the  mouth 
and  mounted  with  porcelain  teeth. 

Continuoit8-gum  dentures.  Plates  made  of  platinum 
and  mounted  with  porcelain  teeth,  around  the  necks 
of  which,  and  upon  the  lingual  surface  of  the  plate, 
a  silicious  compound  or  enamel  is  fused. 

Mineral-plate  dentures.  Made  entirely  of  porce- 
lain ;  plate  and  teeth  molded  and  carved  from  porce- 
lain mixture,  enameled  and  burned. 

Plates  made  of  vulcanized  ruhber  with  porcelain 
teethf  secured  by  being  embedded  previous  to  the 
process  of  vulcanizing,  assisted  by  pins  and  staples 
of  platinum. 

Plates  made  by  casting  a  base  metal  alloy,  with 
porcelain  teeth  secured  by  being  partially  embedded 
in  the  casting. 

Under    the    date    of   March    11,    1664,    Pepys 

writes  :     **  My  wife    come 

Fig.  1615.  home,  and  she  had  got  her 

^^^  tooth    new    done    by    La 

^^^^^^^^.  Roche,  and  are  indeed  now 

^^^^^^S^^_  pretty  handsome,  and  1  was 
^^BBU^HH|^^  much  pleased  with  it." 
HpB^^^^MBMF  The  Japanese  Hadsik/san, 
^U^^^^^f^W^^  or  "tooth  carpenter,"  is  an 
^^^JaJJ^^^^^^  itinerant  artist  who  makes 
Denture.  his  teeth  of  ivory,  shark's 

teeth,  or  stone,  let  into  the 
wooden  base,  and  retained  in  position  by  being 
strung  on  a  thread,  which  is  secured  at  each  end  by 
a  peg  driven  into  the  hole  where  it  makes  its  exit 
from  the  base.  Iron  or  copper  tacks  are  driven  into 
the  ridge  to  serve  for  masticating  purposes,  the  un- 
equal wear  of  the  wood  and  metal  keeping  up  the 
desired  roughne^a  of  surface.  To  construct  a  full 
upper  and  Tower  denture  requires  about  two  days' 
constant  work,  which  becomes  five,  owing  to  the 
frequent  chats,  naps,  and  smokes.  An  impression  of 
the  mouth  is  taken  in  wax,  another  impression  had 
from  this  ;  the  latter  is  smeared  with  red  paint,  and 
a  wooden  block  fitted  to  it  by  gradual  trials  and 
approximations. 

Among  the  technical  t«rms  appertaining  to  den- 
tures are :  — 

Fivot-toothy  an  artificial  crown  secured  to  a  natural 
root  by  the  insertion  of  a  pivot,  or  pin. 

PUUe-toothy  one  fastened  to  a  plate. 

Plain-tooth.f  one  without  any  gum. 

Gum-toothy  one  made  with  a  portion  of  gum  at- 
tached. 

Block y  two  or  more  teeth  made  unitedly. 

Setj  a  full  furnishing  for  one  jaw. 

Basey  that  which  artificial  teeth  are  mounted  on 
^r  attached  to. 

Mauntivg,  attaching  teeth  to  a  base. 


De-o'dor-is'er.  A  drug  or  pastille  applied  to,  or 
burned  in  the  presence  of,  putrescent,  purulent,  in- 
fectious, or  fetid  matter. 

Deodorizers  are  a  sanitary  provision  for  the  defe- 
cation of  matter  having  noxious  effluvia  ;  acting  to 
render  the  matter  inert,  to  absorb  it  mechanically, 
or  only  to  disguise  it,  supplanting  the  fetor  by 
superior  eneigy,  as  in  the  use  of  aromatic  ])a.stilles. 

Sanatory  experts  (L.,  sanator,  a  healer  of  diseases, 
a  physician)  have  doised  these  sanitary  expedients 
(ll,  sanitas,  health)  to  isolate  infection  and  thus 
prevent  the  spread  of  disease.    See  also  Disinfector. 

De'phleg-ma'tor.  A  form  of  condensing  ap- 
paratus for  stills,  consisting  of  broad  sheets  of  tmned 
copper  soldered  together,  so  as  to  leave  narrow  spaces 
between  them. 

Depi-la'tlon.  A  very  cood  term  to  describe  the 
irroceas  which  is  usually  called  unhairing.  It  con- 
feists  in  the  loosening  and  removal  of  hair  from  hides 
and  skins,  and  U  usually  accomplished  by  lime. 
It  is  hence  called  limeing. 

Lime  being  injurious  to  leather,  other  processes 
have  been  suggested  and  to  some. extent  practiced. 
See  Unhairing. 

De-preas'or.  {Surgery.)  An  instrument  like 
a  curved  spatula,  used  for  inducing  or  pushing  into 
place  an  obtruding  part.  Such  are  used  in  opera- 
tions on  the  skull  involving  the  use  of  the  trephine, 
and  in  couching  a  cataract.  Also  u$ed  in  removing 
beyond  the  range  of  the  knife  or  the  ligature  needle 
a  portion  intruding  within  the  area  of  the  operation. 

I>ep're-ter.  Plastering  done  to  represent  tooled 
ashlar-work.  It  is  first  pricked  up  and  floated  as. 
for  set  or  stucco,  and  then  small  stones  are  forced  on 
dry  from  a  board. 

Deptfa'en-inc^teoL  1.  A  countersinker  for 
deepening  a  hole. 

2.  A  watchmaker's  tool  for  gaging  the  distances 
of  pivot-holes  in  movement-plates. 

Deptfa-xgage.  A  graduated  measuiing-tool,  or 
one  capable  of  being  set  to  a  measure  to  determine 
the  depth  of  a  hole. 

Dep'u-ra'tor.  An  apparatus  to  assist  the  expul- 
sion of  morbid  matter  by  means  of  the  excretoiy 
ducts  of  the  skin.  It  consists  of  an  apparatus,  tom- 
cal  or  general,  by  which  the  natural  pressure  of  tlie 
air  is  withdrawn  from  the  surface  of  the  body. 

The  depurator  is  described  in  Nathan  Smith's 
En^h  patent,  1802.  The  chamber  is  filled  with 
steam  ana  the  air  exhausted  to  the  extent  required 
by  the  patient,  "giving  aid  to  the  elastic  force  of 
the  internal  air  contained  within  the  human  body 
to  throw  out  the  offensive  matter." 

De-rail'ment  {Railway  Engineei-ing.)  The 
condition  of  a  locomotive  or  car  in  respect  of  being 
off  the  rails. 

Der'by.     (Ma.fonry.)    A  two-handed  float. 

Der'mal  In'stm-menta.  {Surgery.)  Instru- 
ments acting  upon  the  skin,  such  as  the  acupunctu- 
rator,  hypodermic  syringe,  scarificator,  artificial 
leech,  cupping-glass,  vacuum  apparatus,  depurator, 
etc. 

Der'mo-patfa'io  In'stru-ment  An  acicular 
instrument  used  to  introduce  a  vesicatory  beneath 
the  skin.  See  Acupuncturator  ;  Hypodermic 
Syringe,  etc. 

Der'rlok.  A  form  of  hoisting-machine.  The  pe- 
culiar feature  of  a  derrick,  which  distinguishes  it 
from  some  other  forms  of  hoisting-machines,  is  that 
it  has  a  boom  stayed  from  a  central  post,  which 
may  be  anchoi-ed,  but  is  usually  stayed  by  guys. 

A  derrick  has  one  leg,  a  shears  two,  and  a  gin 
three.  A  crane  has  a  post  and  jib.  A  whin  or  whim 
has  a  vertical  axis  on  which  a  rope  winds.  The  cap- 
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8tan  has  a  vertical  drum  for  the  rope,  and  is  rotated 
by  bars.  The  windlass  lias  a  horizontal  barrel,  and 
is  rotated  by  haiidspikes.  The  wiiich  has  a  horizon- 
tal barrel,  and  is  frequently  the  means  of  winding 
up  the  tackle-rope  of  the  derrick  ;  it  is  rotated 
by  cranks.  The  crab  is  a  portable  winch  and  has 
cranks. 

The  derrick  is  more  commonly  used  in  the  United 
States  than  in  Europe,  and  has  attained  what  ap- 
pears to  be  maximum  effectiveness  with  a  given 
weight.  Two  spars,  three  guys,  and  two  sets  of 
ta<;kle,  —  one  for  the  jib  and  one  for  the  load,  — com- 
plete the  apparatus,  except  the  winch,  crab,  or  cap- 
stan, for  hoisting. 

The  invention  is  nautical,  the  original  being  the 
sailor's  contrivance,  made  of  a  spare  topmast  or 
a  boom,  and  the  appropriate  tackle.  Such  are  used 
in  masting,  puttmg  m  boilei-s  and  engines,  and 
hoisting  heavy  merehandise  on  board  or  ashore. 

The  derrick-cra^ie  is  a  combinatiou  of  the  two 

Fig.  161& 


balance  any  weight  on  the  opposite  side.  From  the 
deck  of  this  vessel  rises  an  iron  tripod,  80  feet  high, 
on  the  top  of  which  revolves  a  gieantic  boom,  120 
feet  long,  and  above  the  boom  the  Kinff-post,  a  con- 
tinuation of  the  tripod,  rises  to  the  hi^t  of  50  feet. 

One  arm  of  the  boom  is  furnished  with  ten  four- 
fold blocks.  The  chains  attached  to  these  blocks 
are  passed  across  the  king-iK>st,  brought  over  the 
other  arm  of  the  boom,  and  thence  descend  to  the 
other  side  of  the  vessel,  where  they  are  connected 
to  cmbs  worked  by  two  powerful  steam-engines,  by 
means  of  which  the  weights  are  raised. 

This  floating-derrick  is  capable  of  self-propulsion 
by  means  of  paddle-wheels,  and  thus  removes  its 
suspended  load  to  a  position  of  safety  for  repair  or 
other  purpose. 

The  present  extensive  use  of  horse  hay-forks  for 
hoisting  hay  in  stacking  or  mowing  has  given  rise 
to  a  number  of  inventions  for  obtaining  an  elevated 
point  of  support  for  the  upper  pulley. 

Fig.  1617. 


VA*atu    TfAii\<ii    |i«»9.'i^a    v/vi:i    |fi*«ir:jrn   it%t 

a  winch  on  the  post,  so  that  thi* 
inclination  of  the  jib  may  be  ad- 
justed as  required.  The  fall  of  the  hoisting- tackle 
is  passed  over  a  sheave  on  the  summit  of  the  jib, 
ana  thence  down  the  jib  to  the  hoisting- winch. 
This  derrick -crane  commands  a  radius  of  from  10  to 
00  feet  without  being  moved  from  its  position. 

Bishop's  floating- derrick  was  used  in  1850  in 
raising  sunken  vessels,  and  consists  of  a  Hat-bot- 
tomed vessel,  270  feet  long  and  90  feet  beam.  It 
was  built  by  the  Tliames  Ii-on  Shipbuilding  Company 
at  Blackwall,  and  has  a  number  of  water-tight  com- 
partments, which  can  be  filled,  so  as  to  counter- 


B'shopU  Floatimg^Zknifk 

Some  of  these  are  on  portable  frames,  or  wagon- 
bodies.  Others  are  true  derricks,  with  a  jib  or  spar 
stayed  by  guys.  Some  more  nearly  resemble  the 
crane,  others  the  gin.  Many  minor  iiecniiarities 
distinguish  them,  but  in  their  general  features  their 
constniction '  is  fairly  referable  to  those  describe<1 
under  the  various  heads. 

The  floating-denick  of  the  New  York  Department 
of  Docks  was  built  under  the  supervision  of  Mr. 
Newton,  assistant-engineer  of  the  department.  It 
was  coustmcted  ^xpi^essly  for  the  purpose  of  truis- 
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portiu^  from  the  work-yards  the  blocks  of  granite 
and  artificial  stone  that  are  to  form  the  river- wall. 
Its  lifting  and  canying  power  is  100  tons,  and  the 
float  which  carries  the  derrick  is  of  rectangular 
form,  66  by  71  feet,  and  13  feet  in  depth.  It  is 
stiffened  by  sixteen  trasses,  extending  from  the  deck 
to  the  bottom,  and  running  across  from  side  to  side. 

The  tower,  which  is  placed  upon  the  float,  and 
supports  the  king-post  and  booms,  is  made  of  twelve 
balKs  of  pine,  63  feet  3  inches  in  length,  and  14 
inches  square.  These  balks  or  legs  are  stiffened  from 
one  end  to  the  other  by  struts  and  braces  ;  their 
lower  ends  are  bolted  into  a  heavy  cast-iron  circle, 
which,  in  its  turn,  is  held  down  by  numerous  bolts 
which  pass  through  the  bottom  of  the  floor.  At 
their  upper  extremity  these  legs  are  brought  close 
together,  and  are  inserted  in  a  cast-iron  cap,  to 
which  they  are  bolted.  The  tower  forms  a  frustum 
of  a  dodecagonal  pyramid  40  feet  in  diameter  at  the 
ba.se,  52  feet  in  hi^ht,  and  12  in  diameter  at  the  top. 

The  front  or  hoisting  boom  of  the  derrick  consists 
of  two  wrought-iron  box -girders  22  inches  deep  by 
9|  inches  wide.  These  girders  are  made  of  planed 
plates,  are  spaced  24  inches  asunder,  and  are  held 
parallel  by  braces  of  wrought-iron  ;  on  the  upper 
and  inner  edges  of  these  gii^ers  a  track  or  sliae  of 
polished  brass  is  fastened  by  counter-screws.  These 
tracks  have  a  projector  which  extends  a  short  dis- 
tance downward ;  the  carriage  which  carries  the  | 
main  hoisting-blocks  slides  on  them.  The  carriage 
is  composed-of  two  plates  of  iron  f  of  an  inch  thick, 
and  spaced  10  inches  asunder ;  its  length  is  8  feet, 
its  depth  3  feet.  The  iron  boom  is  supported  by 
eighteen  diagonal  rods  2|  inches  in  diameter.  These 
converge  near  the  top  of  the  king-post,  and  are 
secured  to  it  by  three  neavy  forgings,  which  straddle 
the  iron  cap  on  the  top  of  the  post. 

The  king-post  is  of  wrought-iron,  40  inches  out- 
side diameter.  It  is  hollow,  and  its  shell  is  |  of  an 
inch  thick.  It  revolves  in  a  circular  casting, 
swinging  the  boom  completely  around. 

All  the  machinery  is  placed  on  the  float  under  the  | 
tower,  and  the  levers  which  oj)erate  it  and  give  the  | 
various  movements  are  brought  together  on  a  plat- 
form 35  feet  above  the  deck  of  the  float,  so  that  the 
person  operating  them  acts  in  full  view  of  the  load 
that  is  being  handled.     (See  plate  opposite.) 

I>e-scend'lng-let'ter.  {PriiUwg.)  Oneofthos* 
which  descend  below  the  line,  as/,  gr,  j,  ;?,  g,  y. 

Deslc-ca'tlon.  The  evaporation  or  drying  off 
of  the  aqueous  portion  of  bodies ;  practiced  with 
fruit,  meat,  milk,  vegetable  extracts,  and  many 
other  matters.  It  is  usually  done  by  a  current  of 
heated,  dry  air,  and  as  such  may  be  considered  as 
distinguished  from  evaporators,  so  called,  to  which 
furnace  heat  or  steam  heat  is  applied. 

De-Bil'ver-ing.  The  process  of  removing  lead 
from  an  alloy  with  silver  bv  means  of  removing 
crystals  of  the  former  from  tne  cooling  alloy.  The 
Pattinson  process. 

Desk.  A  sloping  table,  frame,  or  case  for  a 
writer  or  reader.  In  the  illustration  are  several 
forms  of  school-desks. 

A  shows  a  de.sk  with  a  seat  for  the  scholars  in  the 
row  in  front  of  it.  A  single  seat  is  required  for  the 
rear  row. 

B  shows  a  desk  and  seat  capable  of  folding  for 
transportation  and  for  sweeping. 

C,  the  seat  only  folds. 

Desk-knife.    An  eraser, 

Des-tem'per.  A  mode  of  painting  with  opaque 
colors,  princijmlly  used  for  walls,  ceilings,  domes, 
scenes,  etc.,  in  which  the  colors  are  mixed  with 
chalk  or  clay  and  diluted  with  size.      Tempera 


ng.  1618. 


Sehool-Desks. 


painting  was  practiced  in  ancient  Egypt.  The  wall 
was  covered  with  a  coating  of  lime  or  gypsum.  The 
outline  was  sketched  in  with  red  chalk  and  then 
filled  out  with  black.  The  painter  levigated  his 
colors  and  mixed  them  with  water,  placed  them  on 
a  palette  hung  to  his  wrist,  and  applied  them  to  the 
surface  on  which  he  was  at  work. 

It  was  also  practiced  in  Greece  and  Rome.  The 
cartoons  of  Raphael  are  in  destemper.  It  is  common 
for  auditoriums.  Kalsomine  (or  calcimine)  is  a  form 
of  it.     Sometimes  written  distemper  or  tempera. 

De-sul'phar-iz'izig  Fur'nace.  (Metallurgy.) 
A  roasting-fumace  for  driving  off  the  sulphur  from 
pyritic  ores.  There  are  many  forms  adapted  to  the 
requirements  of  different  ores,  facilities  of  building, 
kind  of  fuel,  and  the  more  or  less  perfect  result  de- 
manded by  the  value  of  the  metal  and  other  com- 
mercial and  economical  incidents. 

Ores  are  desulphurized  by  roasting  in  heaps. 

In  reverberatory  furnaces  of  the  usual  kind.  See 
Copper-furnace. 

In  rotary  inclined  cylinders  exposed  to  the  heat  of 
a  fire  beneath. 

In  a  flue  or  stack  where  it  falls  through  a  column 
of  flame.     See  Decarbonizino-furnace. 

On  a  rotary-table  furnace  (as  in  Fig.  1619),  where 
the  desulphurizing-chamber  is  surrounded  with  flues 
through  which  the  caloric  currents  from  the  furnace 
are  compelled  to  pass  on  their  way  to  the  chimney. 
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Within  the  chumber  is  a  stirrer  provided  with  con-  |      This  is  a  chronometer  escapement, 
veyors  and  operated  by  gt-Ar-wheels.    The  pulverized        The  term  detached  is  also  applied  to  the  ordinary 

I  form  of  lever-es<!apement  with  two  pallets,  which 
Kig.  1G19.  I  engage   the  teeth  of  the  scape-wheel,   and  a  fork 

»ich  engages  a  pin  on  the  balance-arbor.  l*he  term 
*4ichedy  in  this  cade,  is  to  distinguish  it  from  the 
cAc^r-escapement,  wherein  a  segment-i-ack  engages 
linion  on  the  balance-arbor.     See  Lever-escape- 


Rotarv-  TaM*  Furnace, 


ore  is  placed  in  the  center  of  the  oven,  and  carried 
by  the  conveyor  to  the  discharge -hole  near  the  out- 
side. 

Another  form  is  that  in  which  the  ore  is  placed  on 
movable  plates,  and,  when  heated  toi-edness,  is  drawn 


Fig.  1620. 


Desidphurizing'Pumeue 

out  of  the  furnace  by  the  chains,  and  dumped  into 
water.  When  removed  from  water,  it  is  crushed  be- 
fore passing  to  the  cupola. 

In  Hagan's  process,  superheated  steam  is  intro- 
duced into  the  furnace  and  decomposed,  the  hydrogen 
flame  attacking  the  sulphur,  arsenic,  and  antimony. 
De-taohed'  BB-cape'ment.  The  detached  es- 
capement was  invented  by  Mudge  in  the  seventeenth 
century. 

Earushaw's  detached  escapement  has  two  vibra- 
tions of  the  balance  for  each  im- 
pulse, resembling  the  duplex  in 
this  respect.  A  is  the  main  pallet 
I  projecting  from  the  balance-arbor, 
concentric  with  which  is  another 
small  pallet,  called  the  lifting- 
pallet,  which,  when  the  balance  is 
vibrating  from  A  towards  B,  lifts 
a  very  slender  spring  B^  and  with 
it  the  detent-spring  (7,  so  as  to  set  at  liberty  or  un- 
lock the  tooth  D,  the  point  of  which  rests  on  a  ruby 
pin  projecting  from  the  detent-spring  C,  and  forming 
the  det<;nt. 

The  point  E  of  the  principal  pallet  having  passed 
the  tooth  Ft  the  wheel  moves  forward  by  the  action 
of  the  mainspring,  while  the  next  t6oth  G  falls 
upon  the  ruby  pin  and  is  locked.  The  screw  H 
serves  to  adjust  the  position  of  the  detent  and  the 
strength  of  the  locking.  In  the  return  of  the 
balance^  the  pallet  A  passes  easily  by  the  detent- 
spring  by  forcing  back  the  slender  spring  B, 


Detached  Escape- 
ment. 


INT. 

De-taohed'   "Work.     {Fortification.)     A  work 

eluded  in  the  defence,  but  placed  outside  the  body 

the  place. 

De-taoh'ing   Horaes   from    Car'Tiages.     A 

^ans  for  suddenly  releasing  an  unmanageable  team 

»m  the  vehicle. 

The  Marnuis  of  Worcester,  in  his  "Century  of 

ventions,'    1655,    describes  an  apparatus  of  this 

ttd,  under  command  of  the  passengers,  in  which, 

by  means  of  a  T-ended  lever,  two  or  four  bolts 
could  be  simultaneously  drawn  inwards,  and  the 
horses  thereby  released  with  the  greatest  possible 
ease  and  certainty." 

Hohlfield  of  Saxony,  1711-71,  contrived  a  car- 
riage in  which  tlie  pt'rson  could  by  a  single  push 
loosen  the  pole  and  set  the  horses  at  liberty. 

Williams  s  English  patent,  1802,  operates  by  a 
cord  releasing  a  bolt,  which  allows  the  studs  to 
which  the  traces  are  attached  to  rotate  and  the 
traces  to  slip  off. 

Since  these,  numerous  devices  have  been  sug- 
gested, but  have  not  come  extensively  into  use. 

De-tect'or.  1.  An  an*angement  in  a  lock,  in- 
troduced by  Ruxton,  by  which  an  over-lifted 
tumbler  is  caught  by  detent,  so  as  to  indicate  that 
the  lock  has  b«jn  tampered  with. 

In  Mitchell  and  Lawton's  lock,  English,  1815, 
the  motion  of  the  key  throws  out  a  number  of  wards, 
which  engage  the  key  and  keep  it  from  being  with- 
drawn until  the  bolt  is  moved,  when  the  pieces  re- 
sume their  normal  position  and  release  the  key. 
Should  the  key  fail  to  act  upon  the  bolt,  it  cannot 
be  withdrawn,  but  the  lock  must  be  destroyed  to 
release  it. 

Chubb  had  a  detector  in  his  lock  of  1818. 

2.  A  means  of  indicating  that  the  water  in  a 
boiler  has  sunk  below  the  point  of  safety.  See  Low- 
water  Detector. 

De-tenf .  A  pin,  stud,  or  lever  forming  a  stop 
ill  a  watch,  clock,  tumbler-lock,  or  other  machine. 
It  is  variously  called  in  specific  cases  ;  as,  click,  paicl, 
dog,  fejux,  etc.  It  is  usually  capable  of  motion, 
either  at  certain  intervals,  as  in  some  escapements, 
or  by  operation  of  a  key,  as  in  locks. 

A  detent-catch  falls  into  the  striking-wheel  of  a 
clock,  and  stops  it  from  striking  more  than  the  right 
number  of  times.  The  watch-escapement  has  also  a 
detent 

The  ratchet-wheel  has  a  click,  to  prevent  back 
motion. 

The  windlass  has  a  pawl,  to  fall  into  the  notches 
of  the  rim. 

Def  on-af  ing^am'xner.  The  hammer  of  a  per- 
cussion gun-lock. 

Det'on-afing-pow'der.  One  which  explodes 
by  a  blow.  The  compound  used  in  the  priming  of 
perenssion-caps  and  fuses  is  the  fulminate  of  mereurf 
or  of  silver,  collected  as  a  precipitate  when  the  metal, 
dissolved  in  nitric  acid,  is  i>oured  into  warm  alcohol. 
The  precipitate  is  collected,  washed,  and  dried. 

Det'on-at'ing-pri'mer.  (Blasting.)  A  primer 
exploded  by  a  fuse,  and  used  in  blasting  operations 
to  violently  explode  gun-cotton,  insteaa  of  the  for- 
mer plan  by  which  the  chai^  of  gun-cotton  was 
simply  ignited. 
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Fig  1S22. 


Dnfelooing 
Stick. 


Def  o-nating-tube.  A  graduated  tube  used  for 
the  detonation  of  gases,  being  pierced  by  two  opposed 
wires  by  which  an  electric  spark  is  introduc^.  The 
gas  is  confined  over  water  or  mercury.  See  Eudi- 
ometer. 

Defo-na'tion.  Instantaneous  combustion  with 
loud  explosion. 
De-vel'op-ing.  (Photography.)  the  treatment 
of  an  ex^sed  sensitive  photographic 
surface  with  a  solution  of  a  pi-otosalt 
of  iron  (generally  sulphate  of  iron),  py- 
rogallic  acid,  or  gallic  acid,  in  con- 
junction with  a  small  amount  of  nitrate 
.  of  silver,  either  present  in  the  film  or 
added,  so  as  to  call  into  visible  exist- 
ence the  latent  picture  producctl  in  the 
camera  or  under  a  negative  ;  an  opera- 
tion always  performed  in  an  actini- 
cally dark  room,  that  is,  one  in  which 
the  rays  at  the  violet  end  of  the  spec- 
trum are  excluded. 

The  dcveloping-stick  has  a  suction - 
pad  of  india-rubber,  by  which  it  is 
made  to  cling  to  the  glass,  allowing 
great  freedom  of  motion  without  dan- 
ger of  becoming  detached. 

De-vel'op-ment  {Shipbuilding.) 
The  proce$«s  of  drawing  the  figures 
,,ii  ■  ■  iiii^  which  given  lines  on  a  curved  surface 
■  ■  would  assun)e,  if  that  surface  were  a 
flexible  sheet  and  were  spread  out  Hat 
upon  a  plane  without  alteration  of  area 
and  without  distortion. 

Surfaces  not  truly  developable  are 
drafted  on  a  plane  surface  by  the  pro- 
cess termed  Kxpansion  (which  see). 

De-ver'Bolr.  {Hydraulic  Engi- 
neering,) or  a  dike,  the  fall. 
Dev'iL  1.  A  machine  for  opening  out  the  tus- 
socks of  cotton,  and  cleaning  therefrom  the  dirt  and 
offal.  It  has  various  other  names,  such  as  toilloicer^ 
vrUly,  bealing-machine,  etc  See  Cotton-clean i no 
Machine. 

2.  A  rag-engine  or  spiked  mill  for  tearing  woolen 
rags  into  shoddy,  or  linen  and  cotton  rags  to  make 
paper  pulp. 

3.  A  machine  for  making  wood  screws. 
Dev'U-oar'riage.    A  carriage  used  for  moving 

heavy  ordnance.     A  sling-car i. 

Dev'il'8  Claw.    A  grapnel. 

Dew-point.  Tlie  point  of  temperature  at  which 
the  moisture  of  the  air  commences  to  condense.  See 
Hygrometer. 

Dew-ret'ting.  Tlie  process  of  softening  and  re- 
moving the  mucilage  from  the  fibrous  and  cellular 
portions  of  the  stalks  of  flax  and  hemp,  by  exposure 
to  dew^  showers,  sun,  and  air  upon  a  sward.  See 
RErriNO. 

Dex'trine.  A  gummy  material  made  from  starch 
and  largely  used  in  the  manufacture  of  calico.  Its 
name  is  derived  from  its  right-handed  rotation  of  a 
ray  of  plane  polarized  light. 

Torrefied  starch  ;  roasted  at  a  temperature  of  800* 
F.     British  gum. 

Potato  starch  moistened  with  water,  acidulated 
.by  nitric  arid,  dried  spontaneously  and  then  in  a 
stove  at  212'  F. 

Dho'ney.  A  native  coasting- vessel  of  India  with 
two  masts  and  not  exceeding  150  tons. 

Dhow.  An  Arab  vessel  with  a  single  mast,  a 
yard  the  length  of  the  vessel,  and  a  lateen  sail. 
They  are  from  160  to  200  tons  burden. 

Dfa-oaoB'tla  A  double-convex  lens  used  in 
cauterizing  ports  of  the  Ixnly. 


Di-asr'e-aia.  (Printijig.)  A  mark  (••)  placed 
over  the  second  of  two  adjacent  vowels  to  indicate 
that  they  should  both  be  pronounced  ;  as,  airatcd. 

Di'a-gom'e-ter.  An  electroscope  invented  by 
Rousseau,  in  which  the  dry  pile  is  employed  to 
measure  the  amount  of  electricity  transmitted  by 
different  boilies  ;  to  determine  their  conductivity. 

Di-ag'o-naL  (Shipbuilding.)  1.  A  timber  brace, 
knee,  plank,  truss,  etc.,  crossing  a  vessel's  timbers 
obliquely. 

2.  A  line  cutting  the  body- plan  diagonally  from 
the  timbere  to  the  middle  line. 

3.  An  oblique  brace  or  stay  connecting  the  hori- 
zontal and  vertical  raembera  of  a  truss  or  frame. 

Di-ag'o-nal-built  {Shipbuilding.)  A  manner 
of  boat-building  in  which  the  outer  skin  consists  of 
two  la  vera  of  planking  making  angles  of  about  45*" 
with  the  keel  m  opfmsite  directions. 

They  are  built,  like  clinker-built  boats,  upon 
temporary  transverse  molds.  After  setting  up  and 
fixing  the  molds  upon  the  keel,  the  gunwale,  a 
ehelf-piece,  and  a  series  of  ril>-l)ands  are  temporarily 
fixed  m  the  molds.  Two  layera  of  planking  are  then 
put  on,  bent  to  fit  the  molds  and  rib- bands,  and 
fastened  to  each  other  and  to  the  keel,  stem,  stem- 
post,  shelf,  and  gunwale  with  nails,  driven  from  the 
outside,  and  clenched  iubide  upon  small  rings,  called 
roves.  The  gunwale  is  then  shored,  to  keep  it  in 
shape.  The  molds  and  rib- bands  arc  taken  out,  and 
floora,  hook,  thwarts,  etc.,  are  put  in  as  in  a  clinker- 
built  boat. 

Di-ag^o-nal  Eye-pieoe.  Used  for  solar  obser- 
vations. A  very  .small  percentage  of  the  sun's  light 
und  heat  is  reflected  from  the  first  surface  of  a  prism, 
the  rest  being  transmitted. 

Di-ag'o-nal  Fram'ing  and  Stays.  (Steam- 
engine.  )  The  oblique  frame  and  braces  which  con- 
nect the  plumber-block  of  the  paddle-shaft  with 
the  framing  of  the  side-lever  steam-engine. 

Di-ag'o-nal  Lines.  {Shipbuilding.)  Lines  show- 
ing the  boundaries  of  various  parts,  formed  by  sec- 
tions which  arc  oblique  to  the  vertical  longitudinal 
}dane,  and  which  intersect  that  plane  in  straight 
ines  parallel  to  the  keel.  Usually  drawn  in  red  in 
the  draft. 

Di-ag'o-nal  Rib.  A  projecting  band  of  stone 
or  timber  pa.s.sing  diagonally  from  one  angle  of  a 
vaulted  ceiling  across  the  center  to  the  opposite 
angle. 

Di-c^;'o-nal  Soale.  A  mathematical  scale  in 
v»hich  the  smaller  divisions  are  made  by  lines  that 
run  oblifjuely  across  the  laiger  divisions. 

Di-ag'o-nal  Tie.    An  angle.brace. 

Di-ag'o-nal  'Wrench.    An    S-shaped    wrench 
adapted  to  be  used  in  comere  where 
the  ordinary  wrench  will  not  turn. 

Di'aL  1.  An  instrument  fo^  show- 
ing  the  time  of  day  by  tlie   sun's  < 
fhadow. 

Since  man  first  looked  up  and  re- 
garded the  sun,  its  apparent  diurnal 
course  has  been  the  measure  of  time 
as  to  parts  of  days,  as  the  recurrences 
of  his  visits  have  formed  the  units  of 
the  still  greater  period  which  marks 
his  complete  circuit  in  the  zodiac. 

**  Between  day-break  and  sun-up" 
may  be  a  local  ejcpression,  but  it  has 
its  analogues  in  all  idioms,  and  like 
its  congeners,  **an  hour  by  the  sun," 
and  **  the  sun  two  houra  high,"  marks 
the  constant  reference  by  those  of 
out-door  occupation  to  the  master  of 
day  as  the  measurer  of  time.     In  the  Diagonal  Wrtnck 
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latitude  of  Ohio,  a  fanner  judges  of  noon  in  harvest- 
time  by  reaching  one  foot  forward  to  try  whether 
he  can  step  on  to  the  shadow  of  his  liead.  The  tired 
farm-servant  of  Mesopotamia  **  earnestly  desired 
the  [eastwanl]  shadow,"  as  he  watched  the  sun 
gradually  decline  in  the  western  sky. 

It  is  useless,  then,  to  expect  to  give  a  date  for  the 
invention  of  the  sun-dial.  It  was  not  an  invention^ 
but  an  observation. 

It  is  evident  that  the  dial  having  a  gnomon  which 
makes  with  the  horizontal  jilane  an  angle  equal  to 
the  latitude  of  the  place  is  the  invention  of  the 
Asiatics.  It  is  bootless  to  inquire  whether  it 
originated  on  the  southern  slope  of  the  great  back- 
bone of  the  continent,  or  in  far  Cathay,  by  the  Yel- 
low Sea.  Herodotus,  whose  fame  grows  clearer  and 
brighter  as  years  wax  ami  wane,  states  that  the 
Greeks  received  the  sun-dial  from  the  Chaldeans 
(see  that  of  Berosus,  infra).  We  may  fairly  judge 
the  character  of  the  ancient  dials  from  those  yet 
remaining  in  India,  which  are  destitute  of  modern 
innovations,  such  as  glass  leiLses  and  finely  graduated 
metallic  scales. 

Dr.  Hooker,  in  his  **  Notes  in  Bengal,  Nepaul, 
etc,"  gives  sketches  of  the  sun-dials  in  the  Observa- 
tory of  Benares.  This  observatory  was  built  by 
Jey  Sing,  Rajah  of  Jayanagar,  upwards  of  200  years 
ago.  His  skill  in  mathematical  science  was  so  great 
that  the  Em^ieror  Mohammed  Shah  employed  him 

Fljf  1««4 


lath-Pileser,  the  Assyrian,  then  in  Damascus,  for 
help  against  his  enemy.  This  was  siven.  When 
Ahaz  went  to  Damascus  to  greet  his  benefactor,  he 
saw  a  beautiful  altar,  and  sent  working  drawings  of 
it  to  Urijah,  the  priest  in  Jerusalem.  An  altar  was 
completed  against  his  return.  In  the  same  spirit  of 
enterprise  and  taste,  and  probably  from  the  same 
trip^of  obsei-vation,  he  set  up  the  dial  which  is  men- 
tioned in  the  account  of  the  miiiiculous  cure  of  his 
son  Hezekiah,  thirteen  years  after  Ahaz  was  gathered 
to  his  fathers.  This  is  perhaps  the  first  dial  on 
i-ecord,  and  is  1 40  years  before  Thales,  and  nearly 
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Equatorial  Sun^Diai  (Benares). 

to  reform  the  calendar.  He  also  built  the  observ.i- 
tories  of  Delhi,  Matra  on  the  Jumna,  and  Oujcin. 
The  NareC'inla,  or  equatorial  sun-dial,  has  a  face  26 
inches  in  diameter  ;  the  Scmrat-yuTitay  or  equinoctial 
sun-dial,  has  a  gnomon  30  feet  long,  and  each  quad- 
rant is  9  feet  long.  These  instruments,  which  are 
shown  in  a  group  in  Fig.  809,  are  particularly  in- 
teresting, as  they  carry  the  eye  back  to  the  times  of 
the  Chiudean  astronomers.  There  is  no  reasonable 
doubt  but  that  these  instruments,  absolutely  devoid 
of  lenses  and  tubes,  are  similar  to  those  used  hy  the 
ol>server8  of  Mesopotamia  and  the  valley  of  the  Nile, 
4,000  years  ago.  The  dial  of  the  Hindoos  is  described 
in  the  SCirya  Siddh&nta,  or  Sanskrit  text-book  of 
astronomy,  translated  for  the  American  Oriental 
Society,  and  published  in  their  journal.  Vol.  VI. 

About  771  years  before  the  Christian  Era,  the 
Assyrian  king  Phul  invaded  Samaria.  Thirty-one 
years  afterwa^  Pekah  of  Samaria  besieged  the  young 
ICing  Ahaz  in  Jerusalem,  and  the  latter  sent  to  Tig- 


Equinoctiai  Dial  ( Benares) 

400  years  before  Aristotle  and  Plato,  and  just  a  little 
previous  to  the  lunar  eclipses  observed  at  Babylon, 
as  recorded  by  Ptolemy. 

'The  opinions  as  to  the  construction  of  the  dial  of 
Ahaz  vary  considerably,  and  the  Hebrew  word  is 
said,  by  Colonel  White  of  the  Bengal  army,  to  sig- 
nify a  staircas^y  which  much  strengthens  the  infer- 
ence that  it  was  like  the  equinoctial  dial  of  the  In- 
dian nations  and  of  Mesoi>otainia,  from  whence  its 
pattern  is  assumed  to  have  been  derived.  Cyril,  of 
Alexandria,  —  the  murderer  of  Hypatia,  and  not 
very  good  authority,  —  and  Jerome,  a  much  better 
man,  agreed  in  supposing  that  it  had  a  gnomon  and 
a  graduated  circle  on  which  the  shadow  of  the  gno- 
mon was  thrown.  The  diurnal  division  of  time  in 
the  observatories  of  Chaldea  was  proliably  a  certain 
fi-action  of  a  solar  day ;  but  with  most  nations  the 
natural  day  was  the  period  between  sunrise  and  sun- 
set, which  was  divided  into  twelve  periods,  which  were 
only  the  equivalent  of  our  hours  at  the  equinoxes, 
when  days  and  nights  are  ei^ual ;  in  summer  thej 
were  longer  and  in  winter  shorter  than  at  the  equi- 
noxes. The  Chaldeans,  Syrians,  Hindoos,  Persians, 
Egyptians,  Greeks,  and  Komans  thus  divided  the 
daylight  into  twelve  periods  or  houre,  while  the  civil 
day  was  the  solar  day  and  had  twenty-four  hours. 
The  dial  of  Ahaz  may  have  had  a  vertical  gnomon 
on  the  upper  one  of  a  series  of  steps,  the  time  being 
determined  by  the  shadow  of  the  point  of  the  gno- 
mon on  the  graduations  of  that  arc-shaped  step 
which  was  designed  for  that  season  of  the  year  at 
which  the  observation  was  made.  It  might  thus  re- 
semble the  analemma,  described  by  Vitruvius,  which, 
by  marking  the  lensth  of  the  shadows  of  a  fixed  gno- 
mon, showed  the  different  altitudes  of  the  sun  at 
the  different  seasons  of  the  year.     Grotina  supposed 
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the  (lial  of  Aliaz  to  be  a  concave  hemisphere  with  a 
central  globe  whose  shadow  fell  on  the  lines  engraved 
on  the  concavity.  This  would  resemble  the  Greek 
9capha,  a  semicircular  concave  dial,  or  hemiq/cliumt 
ascribed  by  Vitruvius  to  Berosus  the  Chald^n,  340 
B.  0.  ;  this  was  long  in  use  in  Rome,  and  many  have 
been  discovered.  It  consisted  of  a  semi-spnerical 
horizontal  basin  with  a  style  erected  in  such  a  man- 
ner that  its  extremity  was  exactly  at  the  center  of 
the  sphere.  The  shadow  of  the  point  of  the  gnomon 
on  the  concave  surface  had  the  same  {K)sition  with 
regard  to  the  lower  sphere  that  the  sun  occupied  in 
the  apparent  spherical  dome  of  the  heavens,  eleven 
converging  lines  in  the  concave  part  dividing  it  into 
the  twelve  hours  of  the  day.  So  much  for  the  sur- 
mises of  those  whose  studies  were  of  Greece  and 
Rome,  but  to  whom  the  whole  Oriental  world  was 
not,  or  was  but  as  a  distant  and  unintelligible  mu^r- 
mur.  How  little  even  Alexander  suspected —  he  who 
penetrated  the  farthest  into  the  teeming  and  con- 
templative East  ^  that  the  most  complex  and  elalx)- 
rate  language  of  which  the  world  had  any  knowledge 
—  the  SansKrit  —  had  just  ceased  to  become  a  spo- 
ken tongue !  How  near  the  astute  Greek  came  to 
opening  the  volume  which  Providence  has  given  to 
be  the  delight  and  the  wonder  of  the  philologists  of 
the  nineteenth  century  1  We  adhere  to  the  supposi- 
tion that  the  dial  of  Ahaz  was  a  structure  like  that 
of  Benares. 

It  will  b3  noticed  that  the  chronicler  does  not 
state  the  result  in  hours,  but  iu  degrees,  —  a  mathe- 
matical mode  of  statement  which  shows  that  it  hud 
reached  its  then  form  through  the  hands  of  the  as- 
tronomers, with  whom  the  division  of  the  circle  into 
860"*  was  usual  at  the  earliest  recorded  period  at 
which  astronomical  instruments  are  mentioned. 
The  ancient  horary  division  of  the  Hindoos  was  in- 
to sixty  hours.  The  Chinese  divide  the  solar  day 
into  twelve  periods,  each  equal  to  two  of  our  hours. 
The  Japanese  divide  the  solar  day  in  the  same  man- 
ner, but  for  common  customary  purposes  the  period 
of  daylight  into  six  equal  parts.  The  length  of  the 
divisional  portions  of  daylight  would  therefore  var}' 
with  the  season,  but  extreme  accuracy  is  dispenseil 
with,  and  the  variations  are  regulated  four  times  in 
a  year  upon  the  average  of  three  months.  The  ear- 
liest mention  of  hours  is  perhaps  in  Daniel  iv.  19, 
when  the  prophet  became  ''astonied  for  one  hour." 
As  Daniel  was  of  the  great  men,  we  may  assume 
that  his  coma  lasted  about  sixty  of  our  minutes,  as 
he  probably  regarded  the  horary  division  of  the 
astrologers,  rather  than  the  vulgar  and  fluctuating 
term  of  the  populace.  It  is  not  insignificant  that 
the  word  Jtour  occurs  but  oncj  in  the  common 
translation  of  the  Old  Testament,  sixty -seven  times 
in  the  New  Testament. 

The  weekly  period  is  mentioned  in  the  oldest  book 
in  the  world  (Genesis),  and  dates  from  the  planting 
of  man  upon  this  sphere.  The  nomenclature  of  the 
days,  placing  them  under  the  regency  of  the  planets, 
is  ascnbed  to  the  Chaldeans  by  some  of  the  ancients, 
but  Dion  Cassius  (XXXVI I.  18)  says,  with  as  great 
nrobability,  that  the  Egyptians  were  the  first  to  re- 
fer the  days  to  the  seven  planets.  They  used  the 
hebdomadal  division  for  certain  religious  observances, 
but  also  the  decades  or  divisions  by  tens  of  days, 
which  is  also  U8e<l  by  the  Chinese.  Their  twelve 
hours  of  day  and  twelve  of  night  were  also  each  dedi- 
cated to  a  genius  called  Hau  (hour).  Night  was 
held  to  precMe  day  :  "  The  evening  and  the  morning 
were  the  first  day"  (Gen.  i.  5). 

The  Chinese,  ancient  Romans,  modem  European 
nations,  and  astronomers  generally  began  or  Wigin 
the  day  with   midnight;  the  Chaldeans,  Syrians, 


Hindoos,  and  Persians  with  sunrise.  With  the 
former  he  is  a  great  fact,  with  the  latter  a  god. 

**The  Egyptians,  they  said,  were  the  first  to  dis- 
cover the  solar  year,  and  to  |K)rtiou  out  its  course 
into  twelve  parts.  They  obtained  this  knowledge 
from  the  stai's.  To  my  mind  they  contrive  their 
year  much  better  than  the  Greeks,  for  these  last  iu- 
tercalate  every  other  year  a  whole  month,  but  the 
Egyptians,  dividing  the  year  into  twelve  months  of 
thirty  days  each,  a3d  every  year  a  space  of  five  days 
[and  a  quarter]  besides,  whereby  the  circuit  of  the 
seasons  is  made  to  return  with  uniformity."  — 
Herodotus  II.  4. 

"These  [Egyptians!  of  Thebes  seem  most  accu- 
rately to  have  observed  the  eclipses  of  the  sun  and 
moon  ;  and  from  them  do  so  manage  their  pn^os- 
tications  that  they  certainly  foretell  every  future 
event.  "  —  Diodorus  Siculus  (60  b.  c). 

The  Egyptians  had  the  true  heliocentric  theory 
of  th6  solar  system,  which  the  Greeks  could  not  re- 
ceive, and  which  was  revived  twenty  centuries  after- 
wards by  Copernicus.  It  was  a  great  event  for 
Europe  when  Psammeticus,  about  650  b.  c,  opened 
the  ports  of  Egypt  to  the  other  Mediterranean 
nations,  and  encouraged  the  lonians  and  Carians  to 
settle  there. 

The  horos^opus,  who  occupied  the  second  place 
in  the  procession  of  the  Egyptian  priests,  earned  a 
?ioroioffium,  or  sun-dial. 

The  dial  is  mentioned  in  the  book  of  Tobit,  which 
is  supposed  to  have  been  written  by  a  Jew  of  Pales- 
tine, detailing  the  experiences  of  an  Israelite  of  the 
tribe  of  Naphthali,  ^-ho  lived  in  Nineveh  in  the 
reigns  of  Shalmanezer  and  Sennacherib. 

Perhaps  the  true  order  of  statement  would  have 
been  better  preserved  if  we  had  commenced  the  his- 
tory of  the  dial  with  the  Chinese,  who  are  stated, 
no  doubt  truthfully,  to  have  u-sed  the  gnomon  from 
the  earliest  antiquity  ;  but  the  notices  attainable  are 
so  scattering  and  vague  that  it  is  difficult  to  associate 
them  with  the  definite  details  which  have  been 
principally  referred  to  so  far.  The  study  of  astronomy 
m  China  is  as  ancient  as  the  time  of  Abraham,  an<l 
the  earliest  known  observations  are  Chinese  (see 
Astronomical  Instruments),  though  we  have 
statements  of  ancient  historians  that  observations 

Suite  as  ancient  wei-e  made  by  the  Chaldeans.  The 
iais  commonly  used  in  China  are  mentioned  by 
Mohammedan  travelers  in  that  country  in  the  ninth 
century. 

After  all  this,  it  seems  idle  to  fyiote  the  saying  of 
Pliny,  that  the  sun-dial  was  originally  invented  by 
Anaximander  of  Miletus  (560  b.  c.) ;  but  that  curious 
writer,  to  whose  api>etite  for  information  we  owe  so 
much,  felt  bound  to  give  an  origin  for  everjrthing. 
He  might  even  have  read  in  Homer  (950  B.  c. ),  the 
not  very  recondite;  refei-ence  to  a  sun-dial :  — 

'*  These  eorloiu  eyw,  Inacrtbed  with  wonder,  trace 
The  rail's  diunml  and  his  annual  race." 

The  building  in  Athens  long  known  as  the  "Tower 
of  the  Winds  "  is  now  known  as  the  **  Horological 
Monument  of  Andronicus  Cy irhestes. "  It  had  eight 
faces,  each  provided  with  a  gnomon  and  divisional 
markings. 

The  dial  in  the  square  court  of  the  Alexandi-ian 
Museum  was  visited  by  an  august  procession  of 
philosophers  during  the  seven  centuries  which  sei»a- 
rated  Aristarchus  from  Hyi)atia,  On  the  instni- 
ment,  which  had  a  plane  parallel  to  the  equator  and 
a  gnomon  parallel  to  the  earth's  polar  axis,  Hip- 
parchus,  160  b.  c,  leanied  the  length  of  the  year, 
that  the  four  quarters  of  the  year  are  not  of  equal 
length,  and  also  observed  the  precession  of  the  equi- 
noxes.    See  Armillary  Sphkrr. 
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Before  the  time  of  the  erection  of  a  snn-dial  in  the  I 
Quirinus  by  L.  Papyrins  Cursor,  293  B.  c,  the  time 
was  called  by  watches,  which  divided  the  time  be- 
tween the  rising  and   setting  of  the  sun.     About 
thirty   yeara    after,    the    Consul    Marcus    Valerius  | 
Messala  brous^ht  to  Rome  a  dial  from  the  s|)oils  of 
Catania,  in  Sicily,  and  this   he  placed  on  a  pillar  ; 
near  the  rostrum  ;   but,  not  being  calculated  for  the  [ 
latitude  of  Rome,  it  was  inexact.  j 

The  obelisk  erected  by  Augustus  in  the  Campus  ] 
Martins  was  brought  by  his  orders  from  Egypt.  It ' 
was  originally  hewn  for  Pharaoh  Sesothis,  according  ; 
to  Pliny,  and  was  76}  fewt  in  bight.  After  being 
long  buried  in  ruins,  it  was  disinterred  but  not  n;- 
erected  by  Pope  Benedict  XIV.,  and  was  found  to 
be  broken.  Pliny  states  that  in  its  position  in  th(? 
Campus  Martins  it  was  *'  applied  to  a  singular  pur- 
pose oy  the  late  Emperor  Augustus,  that  of  marking 
the  shadows  projeuteil  by  the  sun,  and  so  measuring 
the  length  of  the  days  and  nights.  With  this  ob- 
ject a  stone  pavement  was  laid,  the  extreme  length 
of  which  corresponded  exactly  with  the  length  of 
the  shadow  thrown  by  the  obelisk  at  the  sixth  honr 
(noon)  on  the  day  of  the  winter  soMice.  After  this 
period  the  shadow  would  go  on  day  by  day, 
gradually  decreasing,  and  then  again  would  as 
gradually  increas.t,  correspomling  with  certain  lines 
of  brass  that  were  inserted  in  the  stone  ;  a  device 
well  de.^rving  to  be  known,  and  due  to  the  in- 
genuity of  Facundns  Novus,  the  mathematician." 

On  an  ancient  bas-relief  at  Rome,  an  hour-glass  is 
placed  in  the  bands  of  Morpheus,  and  AthensBUS 
says  that  the  ancients  carried  portable  hour-glasses 
with  them  as  measurers  of  time. 

The  ancients  had  three  time-meiisurers,  —  dials, 
hour-glasses,  clepsydras.  Alfreii  the  Gi-eat  addeil 
wax  tapers  ;  perhaps  Ebu  Junis  the  pulsating  lever  ; 
Oalileo  and  Huyghens  the  pendulum.     See  Cix)CK. 

The  Spaniards  found  the  Mexicans  provided  with 
sun-dials  for  detcnnining  the  hour,  and  instruments 
for  the  solstices  and  equinoxes.  Their  day  had  six- 
teen hours,  commencing  at  sunrise.  The  Peruvians 
had  also  their  sun-dials.  One  in  Quito,  in  the  form 
of  an  obelisk  in  the  center  of  a  cin'le  on  which  was 
marked  an  east  and  west  line,  indicated  the  equinox. 
These  were  destroyed  by  the  ignorant  Spaniards,  who 
thought  them  idolatrous.  Their  ancestors  had  stannl 
with  the  sara'3  stupid  amazement  at  the  Saracenic 
armils  and  observatoiies. 

Dials  were  place<l  in  the  gardens  of  the  Tuileries 
and  Luxembourg,  so  arriinged  as  to  fire  a  cannon  at 
noon.  A  mortar  is  placed  on  the  meridian  line  of 
the  dial,  with  a  burning  lens  placed  over  the  touch- 
hole  at  such  a  distance  and  angle  that  as  soon  as  the 
san  arrives  on  the  meridian  its  rays,  concentrated  by 
the  lens,  set  fire  to  the  powder,  the  explosion  of 
which  announces  the  hour  of  noon. 

*'  We  take  no  note  of  time  bnt  from  its  loiw ; 
To  ^re  It  then  a  tongue  la  wieo  in  man.'^ 

Tlie  voice  is  rather  more  enei-getic  than  anything 
which  melancholy  Young  had  probably  anticipated 
or  would  enjoy. 

Dials  are  of  various  constniction,  according  to  the 
presentation  of  the  plane  of  the  dial. 

The  polar-dial  {A)  has  a  plane  parallel  to  the  axis 
of  the  earth  and  perpendicular  to  the  meridian  of  the 
place.  In  this  case,  the  style  is  parallel  to  the  plane 
of  the  dial,  and  the  hour-lines  are  parallel  straight 
lines,  whose  distances  from  the  meridional  line  are 
respectively  proportionwi  to  the  tangents  of  the  an- 
gles which  the  hour-p!anes  make  with  the  plane  of 
the  meridian. 

The  common  dial  {B)  has  a  horizontal  plane,  and 
makes  with  the  style  an  angle  equal'to  the  latitude 
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of  the  place,  the  style  preserving  its  parallelism  to 
the  e^rtn's  axis.  This  becomes  a  polar  dial  at  the 
ec^uator,  as  the  plane  of  the  dial  is  also  parallel  to 
the  earth's  axis.  At  other  latitudes,  the  hour-lines 
intersect  each  other  in  the  point  in  which  the  style 
intersects  the  plane  of  the  dial.  The  angles  which 
the  hour-lines  make  with  each  other  and  with  the 
meridional  line  cutting  the  XII  depend  upon  the  lati- 
tude. 

The  vertical  diallC)  has  a  plane  fixed  to  a  wall, 
tower,  or  house.  The  determination  of  the  hour- 
lines  is  similar  to  the  case  of  the  horizontal  dial,  but 
the  angle  formed  by  the  gnomon  and  dial-plane  is 
tlie  complemeiU  of  the  latitu<le,  the  style  preserving 
its  parallelism  with  the  earth's  axis  as  before. 

Varieties  of  the  vertical  dial  are  found  with  those 
having  presentations  east,  west,  etc.  When  the  plane 
is  east  or  west,  it  is  in  the  meridian,  is  parallel  to  the 
vertical  plane  of  the  style,  and  the  hour-lines  are  all 
jxirallel. 

When  a  wall  dial  is  not  perpendicular,  it  is  said  to 
be  declined. 

When  it  docs  not  face  directly  one  of  the  four  car- 
dinal points,  it  is  called  a  vertical  declined  dial. 

The  dial  shows  tnie  or  solar  time,  and  not  the 
mcxin  time  of  a  well-regulated  clock.  The  dial 
agi*ees  with  such  a  clock  four  days  in  the  year. 

An  azimuth  dial  has  a  style  perpendicular  to  the 
plane  of  the  horizon,  and  marks  the  sun's  azimuth. 

The  pocket  sun-dial  (D)  has  a  little  compass  for 
adjustment,  and,  of  course,  is  only  moderately  exact 
even  at  its  calculated  latitude. 
The  grad- 


uated  and  num- 
bered face- 
plate of  a  watch 

I  or     clock.      A 

j  dial -plate. 

I  The  old  Chi- 
nese dials  lil^o 
the  divisions  of 
the  clepsydra, 
were  decimally 
divided.  The  ^\ 
duodecimal  di- 

'  vision  is  later 
than  Kung-fa- 
tze. 

The  dial  (Fig. 
1627)  is  a  sug- 
gestion for  one 


Fig.  1627. 
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for  the  Chinese  market ;  the  outer  circle  has  numerals 
corresponding  to  Roman  niimerals.  The  inner  circle 
has  the  Chinese  horary  characters  for  the  periods  of 
two  hours  each,  as  they  do  not  indicate  these  by 
numbers.  The  small  intervening  fibres  of  the  inner 
circle  divide  tlie  two-hour  periods  into  hours.  The 
index  finger  or  hand  makes  one  i-e volution  in  twenty- 
four  hours. 
8.  {Telegraphy.)  An  insulated  stationary  wheel 
having  alternating 
fig  1628.  conducting  and  non  • 

conducting  portions 
against  which  the 
point  of  a  spring 
key  is  in  frictional 
contact.  To  the 
wheel  ff  one  of  the 
wires  of  the  battery 
is  attached,  and  the 
other  wire  to  the 
axis  of  the  spring- 
key  c,  whose  pointer 
rests  on  the  wheel. 
As  the  key  rotates, 
while  it  passes  over 
the  metallic  portion 
of  the  wheel,  the 
circuit  is  complete, 
and  when  it  pa.sses 
over  the  non -con - 
conducting  portions  i  i  of  the  wheel  the  circuit  is 
broken.  Thus  are  signals  given  in  Farmer's  fire- 
alarm  telegraph. 
Another  form  of  telegraph-dial  is  the  lettered  and 

number       dial 
Flg.ica  of    the    Cooke 

and  Wheat- 
stone  tele- 
graph, in  whose 
center  a  pointer 
rotates  or  oscil- 
lates, and  di- 
i-ects  attention 
I  of  the  observer 
to  the  letters, 
(which  are 
spelled  ad 
sernalim  by  this 
means. 

4.  A     circu- 
larly graduated 
plate  on  which 
an  index-finger 
marks    revolu- 
tions, pressure, 
or  what  not,  in 
a   register, 
counter,  or 
meter.     The  cut  shows  a  steam-gage  dial  which  has 
two  giraduated  circles,  one  representing  pressure,  the 
other  temperature. 

5.  An  instrument  for  holding  the  dop  on  the  end 
of  which  the  gem  is  cemented  while  exposed  to  the 
lap  or  wheel.  It  has  adjustments  as  to  inclination, 
and  also  axial,  with  markers  indicating  degrees  in 
adjustment,  so  as  to  portion  out  the  circumference 
of  the  stone  in  facets  forming  chords  of  specific  arcs 
at  given  depths.     See  Angulomkter. 

^  Di'al-look.  A  lock  provided  with  one  or  more 
dials,  having  a  scries  of  letters  or  figures  on  them. 
I'jxch  dial  has  a  hand  or  jwinter  connected  by  a 
spindle  with  a  wheel  inside  the  lock  ;  on  the  wheel 
is  a  notch  which  has  to  be  brought  into  a  certain 
position  before  the  bolt  can  be  moved.     There  are 
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false  notches  to  add  to  the  difficulty  of  finding  the 
true  notch  in  each  wheel.  To  adjust  the  notches  to 
their  proper  position,  a  nut  on  the  back  of  the  wheel 
is  loosened,  and  the  pointer  is  set  at  any  letter  or 
figure  chosen  by  the  user.     See  Pkrmutation-lock. 

Di'al-plate.  {Clock,)  The  face  on  which  the 
divisions  indic4iting  the  hours  and  minutes  are  placed. 

Di'al-wheeL  {Horology.)  One  of  those  wheels 
placed  between  the  dial  and  pillar  plate  of  a  watch. 
Also  called  minute- wheel  icorks. 

Di'al-work.  {Horology.)  The  motion  work  be- 
tween the  dial  and  movement  plate  of  a  watch. 

Di'a-mond.  1.  {Printing.)  A  small  kind  of 
type  used  in  English  printing :  — 

IMMDond.  SOS  MM  to  the  fbcl. 
PmtI,  178  cms  to  the  fbot. 

2.  A  lozenge  or  rhomb.  The  name  is  conferred 
upon  nuts  and  bolt-heads  of  that  form.  Also  upon 
gravers  which  are  rhombal,  and  not  square  in  cross- 
section. 

3.  A  valuable  gem,  the  hardest  of  all,  and  of 
various  colors.  It  has  many  uses  in  the  mechanic 
arts,  derived  from  its  extreme  hai-dness  ;  some  uses 
in  optics,  owing  to  its  high  refractive  and  small  dis- 
persive power.     Sp.  gr.  3.521. 

Among  the  celebrated  diamonds  may  be  noted  the 
following  :  — 

Great  Mogul,  Found  in  1550,  in  Golconda,  and 
seen  by  Tavernier.  Weighed  793  carats  ;  cut  to  279 
carats  (carat,  4  grains). 

Russian.  Taken  from  a  Brahminical  idol  by  a 
French  soldier ;  sold  to  the  Empress  Catherine  for 
je90,000  and  an  annuity  of  £4,000.  Weighs  194 
carats. 

Pitt.  Brought  from  India  by  Mr.  Pitt,  the  grand- 
father of  the  first  l^^rl  of  Chatham ;  sold  to  the 
Recent  Duke  of  Orleans,  in  1717,  for  £135,000. 
Weighed  when  rough,  400  carats ;  cut  to  136 J  carats. 
Napoleon  placed  it  in  the  hilt  of  his  swoi-d. 

Koh-i-noor.  Seen  by  Tavernier  in  1665,  in  the 
possession  of  the  Great  Mogul.  Seized  by  Nadir 
Shah,  in  1739,  at  the  taking  of  Delhi.  Became  the 
property  of  Runjeet  Sing.  Captured  by  the  Eng- 
lish at  the  taking  of  the  Punjab.  Presented  to  the 
Queen  by  the  East  India  Company,  in  1850  ;  weighed 
in  the  rough  800  carat",  cut  to  1867^^  carats  ;  recut 
to  103|  carats.  —  Brakdk. 

Aitstrian.     A  rose-cut  dinmond  of  139]^  carats. 

Sir  Isaac  Newton  suggested  that  the  diamond  is 
combustible,  but  the  first  to  establish  the  fact  were 
the  Florentine  Academicians,  in.  1694;  they  suc- 
ceeded in  burning  it  in  the  focus  of  a  large  lens.  La- 
voisier, in  1772,  examined  the  I'esults  of  combustion, 
which  showed  it  to  be  pui*e  nystalline  form  of  carbon. 

The  uses  of  the  diamond  include  the  following: — 

Abradant  for  various  pui-poses,  in  wheels.  Taps, 
and  slicers. 

Stone  drilling  and  sawing.  See  Carbon  tool- 
points. 

Engraver's  ruling,  and  marking  graduations  on 
instruments. 

(rlass-cuttina:.  Lenses.  Jewelry. 

Di'a-mond-cuf  tor's  Com'paas.  {Dinmond-cut- 
ting.)  An  instrument  used  to  measure  the  inclina- 
tion of  the  sides  of  jewels.  It  is  a  movable  arm  a, 
inserted  at  an  angle  of  45"  into  a  metallic  base  h.  It 
is  shown  in  the  lower  illustration  of  Fig.  1630  as 
measuring  the  inclination  of  the  collet-side  to  the 
girdle  and  the  bizet  to  the  table.     See  Brilliant. 

Di'a-mond-cufttng.  Until  1476,  when  Louis 
de  Berghem,  of  Bruges,  first  discovered  this  art,  the 
diamond  was  worn  uncut ;  the  four  great  stones  in 
the  mantle  of  Charlemagne  furnishing  an  example. 

The  diamond  is  cut  in  three  forms,  the  Brilliant 
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(which  Bee),  the  rose,  and  i  the  table,  and  their  re- 
spective values  are  in  the  order  named.  The  form  a 
diamond  shall  assame  is  determined  by  its  shape  in 
the  rough,  the  duty  of  the  lapidary  being  to  cut  it 
BO  as  to  saciitice  as  little  as  iK>ssible  of  the  stone  and 
obtain  the  greatest  surface,  refi*action,  and  general 
beauty.  Having  decided  upon  the  form,  a  model  is 
made  in  lead  and  ke))t  befoi-e  the  workman  as  a  copy. 
The  rough  diamond  is  cemented  to  a  handle  called 
a  dop  (a,  Fig.  1630),  leaving  the  part  exposed 
which  is  to  be  removed  to  form  one  facet.  The  pro- 
jecting portion  is  then  removed  by  attrition  against 
another  diamond  similarly  set  in  a  handle  (B,  Fig. 
1680),  or  by  means  of  diamond-dust  and  oil  upon  a 
disk,  wheel,  or  wire,  according  to  circumstances. 
When  a  facet  is  finished,  the  s^oue  is  re.^t  in  the 

Fig.  leao. 
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Diamond-  Cutting 

handle  an<l  the  proce.<i8  re]ieated.  Sevoi-al  months 
are  expended  in  cutting  large  stonejs,  as  the  work 
proceeds  very  slowly. 

The  polishing  is  performed  upon  a  rapidly  revolv- 
ing iron  wheel  rf,  driven  by  a  band  g,  and  fed  by  hand 
with  diamond-dust  and  oil  ((7,  Fig.  1630).  The  dia- 
mond is  set  in  a  dop  as  before,  on  the  end  of  a 
weighted  arm  fe,  and  held  against  the  wheel ;  the 
results  of  the  process  being  collected  in  a  box  for 
future  operations. 

The  weight  of  a  diamond  is  expressed  in  carats 
equal  to  four  grains  ;  the  term  is  derived  from  the 
Arabic  qircUf  a  bean,  a  word  derived  from  the  (ireek 
keraiion,  signifying  a  liltle  horn,  the  fruit  of  the  ka- 
rob-tree. 

The  value  of  a  diamond  is  commonly  increased 
threefold  by  skillful  cutting,  and  its  value  is  the 
square  of  its  weight  expressed  in  carats  multiplied 
by  $  40  specie.  This  is  but  an  approximation  to  the 
truth,  for  the  value  of  diamonds  fluctuates  like  otlier 
things,  though  to  a  less  extent. 


Diamonds  with  flaws  or  imperfections  are  sawn 
asunder  or  s|)lit ;  the  latter  (suown  at  A)  being  a 
speedy  but  nsky  operation,  requiring  great  judg- 
ment in  determining  the  plane  of  cleavage  and  skul 
ill  the  use  of  the  chisel  h  and  liammer.  For  sawing, 
a  tine  wire  is  used,  fed,  as  in  the  case  of  the  revolv- 
ing-wheel, with  diamond-dust  and  oil. 

Diamonds  are  of  various  colors.  They  are  crys- 
tallized carbon,  which,  not  color,  detemiin&s  the 
chemical  diflerence  between  the  diamond  and  other 
|;ems,  such  as  the  ruby,  amethyst,  topaz,  etc.,  while 
its  hardness  expresses  its  mechanical  diflerenee. 

Di'a-mond-draft.  {Wcavina.)  A  method  of 
drawing  the  warp-threads  through  the  heddles. 

Di'a-mond-drilL  A  drill  armed  with  a  dia- 
mond,  which  cuts  its  way  into  the  material  as  the 
drill-stock  is  rotated.  It  was  invented  by  Hermann, 
and  f)atented  in  France  by  him,  June  3,  1854.  He 
states  that  he  makes  ci-ystals  or  angular  fragments  of 
the  black  diamond  useful  in  "  working,  turning,  and 
)K)lishing,  etc.,  of  hard  stones  such  as  granite,  por- 
phyry, marbles,  etc."  The  diamond  is  broken  to  ob- 
tain angular  fragments,  which  are  embedded  by  alloys 
in  the  metallic  stock,  to  foitn  a  cutting-tool  {bf  d. 
Fig.  1631).     See  Caubon  Tool-points,  p.  461. 

In  his  certificate  of  addition,  March  31,  1855, 
he  states  that  the  diamonds  are  to  be  inserted  in 
holes  drilled  for  them  in  the  end  of  the  drill-rod, 
the  metal  being  battered  down  around  them  to  form 
a  bezel. 

The  drill- bar  slides  vertically,  and  is  rotated  by 
bevel-gearing.  He  refers  to  the  need  of  water  on 
the  dnll. 

Leschot  in  1860-64,  and  Pihet,  in  1866,  de- 
voted some  care  to  the  matter ;  the  latter  introducing 
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the  annular  drill-head  (shown  at  of.  Fig.  1631 ),  which 
is  a  steel  ring  studded  with  black  diamonds.  The 
heads  of  the  drills  used  at  the  Mont  Cenis  Tunnel, 
and  the  excavations  by  General  Newton  at  Hal- 
let's  Point,  East  River,  N.  Y.,  were  of  this  char- 
acter. 

Fig.  1632  represents  a  prosi)ecting  or  open-cut 
drill  detached  from  the  boiler  wnich  drives  it.  The 
two  oscillating  engines  c  drive  the  bevel-gearing  d, 
which  rotates  the  drill-bar  e/  from  900  to  1,000 
revolutions  per  minute^  boring  in  ordinary  rock 
from  15  to  20  feet  per  hour,  a  is  the  frame,  B  the 
steam  connections. 

Fig.  1633  is  a  mining  or  tunnel  drill.  The  up- 
right frame  E  E,  which  supports  the  swivel  drill- 
head  with  its  gears  and  drill,  is  attached  by  hinge- 
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Prospecting- Drill. 

plates  to  the  top  and  bottom  of  the  drivring-ahaft  F^ 
and  may  be  swung  to  the  right  or  left,  describing  a 
semicircle.  This  allows  the  drill  to  act  at  any 
angle  of  the  horizontal  arc  thus  described  without 
moving  the  machine.  The  drill-head  also  slides  up 
and  down  this  adjustable  frame  E  E,  enabling  it  to 
bore  a  perpendicular  row  of  horizontal  holes. 

The  drill  itself,  with  its  feed-gears  and  sliding- 
guide  0,  may  be  turned  completely  round  by  loosen- 
ing a  nut  on  the  back  of  the  swivel- head  so  that  the 
point  of  the  drill  shall  describe  a  vertical  circle,  at 
any  angle  of  which  it  will  bore  equally  well. 

The  two  uprights  G  G  used  to  support  the  driving- 
shaft  F  are  made  of  common  hv<lraulic  pipe,  and 
may  be  lengthened  or  shortened  accoixiing  to  the; 
hight  of  the  tunnel.  Tlie  driving-shaft  F  has  a 
sliding-gear  attached  by  feather  and  spline,  ac^ust- 
able  at  an^  position.  The  sliding  brace  just  beneath 
this  gear  is  used  to  steady  the  driving-shaft.  Motion 
is  communicated  to  this  shaft  by  means  of  the  gear 
D,  The  posts  E  E  are  set  firmly  against  the  upper 
wall  by  means  of  extension-screws  N  N,  which  may 
be  run  up  two  or  three  feet  if  desire«l.  The  steam 
or  compressed  air  is  brought  through  rubber  hose 
from  any  convenient  distance,  and  introduced  into 
the  engine  by  pipe  L.  Af  is  the  exhaust-pipe.  The 
feed  may  be  varied  at  pleasure,  and  according  to  the 
hanlness  of  the  rock  from  90  to  340  revolutions  per 
inch  ;  that  is,  from  2  to  10  inches  per  minute.  The 
machme  is  balanced  on  its  axle  by  depressing  the 
handles  ff^  and  trundled  about  like  a  wheelbarrow. 
Operated  by  either  compressed  air  or  steam. 

In  Fig.  1631,  a  a  are  front  and  side  views  of 
diamond-chisels  used  in  turning  rubies  for  watch- 
jeweling. 

d  is  a  diamond-drill  for  making  the  hole  in  the 
ruby  plate. 

<2  is  a  tool  of  steel  wire  to  be  used  with  diamond- 
dust  in  drilling  jewels. 


diamond  mounted  for  drilling  china  or  porcelain. 

giB  A  square  stone  mounttMi  for  the  same  purpose. 

his  a  metallic  tube  for  drilling  annular  holes  in 
jewels  with  diamond-dust. 

t  is  a  diamond-point  mounted  for  etching  or  ruling 
in  engraving. 

j  k  are  diamonds  mounted  for  ruling  graduations 
of  mathematical  instruments. 

Dya-mond-^age.  Employed  by  jewelera  in 
estimating  the  sizes  of  small  diamonds.  In  the  staff 
are  set  small  crystals  of  graduated  sizes  by  which 
jewels  are  compared.  The  crystals  are  from  i  to  ^<^  of 
a  carat. 

Di'a-mond-hoad'ed  Bolt  See  Bolt.  A  bolt 
whose  head  has  a  lozenye  or  rhombal  sha|)e. 

Di'a-mond-knot.  A  kind  of  knot  made  at  equi- 
distant intervals  on  a  rope,  to  give  support  to  the 
hand  or  foot. 

Di'a-mond-lenB.  The  diamond-lens,  owing  to 
its  high  refractive  and  small  dispersive  power,  i-e- 
quires  much  less  curvature  than  glass  lenses  of  the 
same  focal  length.  It  therefore  admits  of  the  em- 
ployment of  alai^r  ]>encil  of  rays,  and  gives  more 
light.  A  diamond  and  a  plate-glass  lens  of  similar 
form  and  radius  are  in  their  comparative  magnifying- 
powers  as  8  is  to  3. 

Diamond  lenses  were  made  by  Andrew  Pritchard 
in  1824.     One  was  re- 
cently made  in  London  ^  1684. 
at  a  cost  of  £250  ster- 
ling. 

Di'a-m  o  n  d-m  o  r'- 
tar.    Diamonds  for  the 
use  of  the  lapidary  are 
crushe<l    in   a  mortar, 
which  consists  of  a  cyl- 
indrical   b<»x  a  and   a    «;  •• 
pestle  ft,  both  made  of     j    i 
nai*dened  steel.  A  small  j<  ^- 
rough  diamond  is  place<l  ^""" " 
in  the  mortar,  and  the    DiamonU  Mortar  ami  Grinder. 
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pestle  driven  down  by  a  hammer.  The  pieces  of 
broken  diamond  are  examined  for  the  detection  of 
fragments  suitable  for  ^ptivers,  drills,  and  etching- 
points.  The  remainder  ls  mashed  to  an  impalpable 
powder  by  several  hours'  continued  work,  rotatuig 
the  pestle  between  blows. 

When  sufficient  fineness  is  not  attained  by  the 
mortar,  the  dust  may  be  ground  between  the  con- 
cave and  convex  surfaces  c  rf  of  a  hardened  steel 
mill,  a  little  oil  being  added  to  the  dust.  The  par- 
ticles will  grind  ench  other. 

Di'a-mond-nail.  A  nail  having  a  rhombal  head, 
used  for  some  purposes.  Tlie  acute  angles  of  the 
rhomb  are  sometimes  made  to  clinch. 

Di'a-mond-plow.  A  small  plow  having  a  mold- 
board  and  share  of  a  diamond  shape ;  that  is, 
rhomboidal.  One  side  of  the  rhomb  runs  level  on 
the  ground,  another  forms  the  breast,  and  the  other 
two  are  the  marginal  lines  of  the  backward  extension 
of  the  mold-board. 

Di'a-mond-point.  A  stylus  armed  with  a  dia- 
mond, cither  ground  conical  or  made  of  a  selected 
fragment  of  the  desired  shape.  Wilson  Lowry  in- 
troduced the  diamond-point  into  engraver's  ruling- 
machines.  Etching-tools  have  been  pointed  with 
diamonds.  Diamond-points  are  used  in  ruling  the 
graduation  of  the  finer  kinds  of  instruments,  also  by 
JNobert,  it  is  supposed,  in  ruling  the  wonderful 
series  of  lines  that  form  the  testa  of  the  microscopes 
of  hi.c?her  powers. 
Di'a-mond-point  Chis'el.  A  chisel  whose  cor- 
ners are  ground  off  obliquely. 

Di'a-mond  -  tooL  {MetaU 
working.)  A  metal-turning  tool 
whose  cutting  edge  is  formed  by 
facets. 

Di'a-mond-work.  (Mason- 
ry.)  Reticulated  work  formed 
by  courses  of  lozenge  -  shaped 
stones,  very  common  in  ancient 
masonry. 

Dfa-pa%on.  (Music.)  A  stop 
of  an  organ  having  pijies  or  reeds 
extending  throughout  the  scale  of 
the  instrument. 

Diapason -stops  may  be  open  or 
stopped,  as  the  pipes  are  open 
alx>ve  or  are  closed  by  tompion.<t. 
Douhle-diapason  is  an  octave  graver  than  diapason. 
See  Stop.  . 

Di'a-per.  1.  (Fabric.)  A  linen  toweling  with  a 
small  figure  thrown  up,  as  in  damask. 

2.  A  panel  or  flat  recessed  surface  covered  with 
carving  or  other  wrought  work  in  low  relief. 

Di'a-per-work.  (Masonnj.)  A  pavement  check- 
ered by  stones  or  tiles  of  different  colors. 

Di'a-phaDe.  (Fabric.)  A  woven  silk  stuff  with 
trnnsiMii-ent  and  colored  figures. 

Di  a-pha-nom'e-ter.  An  instrument  for  meas- 
uring the  tmnsjiai-ency  of  the  air. 

Di'a-phan'o-BOope.  (0^/?V^.)  A  dark  box  for  ex- 
hibiting transnaii'nt  i)icture8  with  or  without  a  lens. 
Di'a-phan'o-type.  (Photograph  fj.)  Another 
name  for  the  helleiwtyjje,  in  which  a  diaphanous  or 
pale  ijositive  on  a  papr  rentlered  translucent  by  var- 
nish is  colored  on  the  back  and  placed  over  and  in 
exact  correspondence  with  a  duplicate  positive  of 
strong  character. 

Di'a-phragm.  1.  A  partition  in  a  chamber, 
tube,  or  other  object. 

Flexibh?  diaphragms  are  used  in  st«am -pressure 
indicators,  faucets,  gas-regulators,  pumps,  etc. 

2.  (Optics.)  An  annular  disk  in  a  camera  or 
telescope,   or  other  optical  instrument,  to  exclude 


Diamond' Point 
Chisel. 


Diaphragm-Fcnieet. 


some  of  the  mai^inal  rays  of  a  beam  of  light.  The 
original  form  of  this  beautiful  contrivance  is  the 
iiis  of  the  eye,  which  shuts  out  strong  light  and 
i-egulates  the  quantity  admitted.  The  use  of  the 
iris  was  known  to  Leonardo  da  Vinci. 

Di'a-phragm-faa'oet  One  which  closes  its 
aperture  by  the 

depression      of  Fig.  1688. 

the  diaphragm 
u^n  tne  end 
ot  a  pipe  bj' 
means  of  a 
screw-plunger. 

D  i  '  a  - 
p  h  r agm- 
plate.  A  plate 
beneath  the 
stage  of  a  com- 
pound micro- 
scope, to  restrict 
the  amount  of 
light  reflected 
from  the  mir- 
ror. The  plate 
has  a  number  of  holes  of  varying  sizes,  either  of 
which  may  be  brought  to  bear. 

Di'a-phragm-punip.  A  pump  in  which  a  disk- 
piston  is  attached  by  an  elastic  diaphragm,  usually 
of  leather,  to  the  sides  of  the  ban-el.  It  was 
described  by  Desaguliers  in  1744  as  **a  piston  with- 
out friction."  It  is  much  older  than  the  time  of 
this  philosopher,  however.  It  has  been  again  and 
again  re-invented,  and  brought  out  with  a  flourish 
of  trumpets.  See  Bag-pump.  Its  application  may 
have  been  suggested  by  the  human  diaphragm. 

Di'as-tixii'e-ter.  A  philosophical  instrument  for 
measuring  distances. 

Di^a-stjle.  (ArchiUdure.)  A  system  of  columni- 
ation  in  which  the  width  of  the  intercolumns  is 
equal  to  three  diameters  of  a  column. 

Di'a-tom-prism.    (Optics. )    A  triangular  piisni 
used  fo|;  illuminating  small 
objects    in     the    field   by 
oblioue  light. 

Di-af  o-ni.  Angle-stones 
in  a  wall,  wrought  on  two  j 
faces,    and   projecting  be-  * 
yond  the  general   face  of 
the  wall. 

Dib'ble.  A  pointed  im- 
plement with  a  spade-han- 
dle used  \o  make  a  hole  in 
the  ground  to  receive  seed. 
In  the  Ka.st  of  England 
wheat-crops  are  put  m  by 
this  means.  It  is  slow,  but 
sure.  A  man  takes  a  dibble  in  each  hand,  and  goes 
backward  across  the  field  ;  children  following  him 
drop  the  grains  into  the  holes.  It  is  economical  of 
seed,  but  the  princi|>al  motive  is  to  condense  the 
soil  around  the  seed,  so  that  it  may  retain  moisture 
in  that  sandy  country  which  once  was  a  rel»bit- 
warren,  and  where  a  certain  duchess  told  the  pro- 
prietor. Coke  of  Norfolk,  that  she  saw  two  rabbits 
quarreling  for  one  blade  of  grass. 

Dib'bling-ma-chine'.  One  useil  for  making 
holes  in  rows  for  potato  seta,  for  beans,  or  other 
things  which  are  planted  isolated  in  rows.  It  may 
be  adapted  for  com  by  instituting  the  proper  pro- 
portion between  the  parts  ;  com  requiring  a  greater 
distance  apart  in  the  rows,  unless  it  is  only  to  be 
tended  one  way.  The  machine  shown  Ls  adapted  to 
be  pushed  by  one  man,  and  may  be  a  useful  adjunct 
to  gardening. 


Fig.  1687. 
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Kg.  1688.  About  1649.  Gabriel  Platte 

described    a  dibhliiig-Tnachins 

(-^  formed  of  iron  pins,   **made 

to  play  up  and  down  like  vir- 
ginal jacks." 

Dioa.  Cubes  with  marked 
sides,  tlirown  from  a  box  and 
used  in  gaming  or  determin- 
ing by  chance.  The  dice  of 
Thebes  were  cubical,  and  num- 
bered like  the  modem,  as  may 
be  seen  by  the  figure  which 
represents  ancient  dice  in 
European  museums. 


Fig.l6». 


Ancient  Egyptian  Diet. 


DibbUrs. 

Dice  are  referred  to  in  several  places  in  the  **  Rig- 
Yeda,"  the  most  ancient  of  the  Sanocrit  religious 
books :  — 

**  Let  man  fear  Him  who 
holds  the  four  dice,  before 
He  throws  them  down."  — 
Riff'Veda,  I.  41,  9  (b.  c. 
15*00). 

Rhampsinitus  is  said  by 
Herodotus  to  have  played 
with  the  goddess  Ceres,  and  Mercury  is  fabled  to 
have  played  dice  with  the  moon,  winning  fi*om  her 
the  five  odd  days  of  the  year. 

The  game  of  checkers  also  was  played  by  Rameses, 
with  two  sets  of  men  or  dogs  (latrunculi)^  or  counters 
(calculi)^  of  different  colors.     See  Checkers. 

While  the  statement  of  Herodotus  possesses  a  cer- 
tain historic  interest,  we  cannot  credit  that  dice, 
knuckle-bones,  and  ball  were  invented  by  the  Lydi- 
ans  to  while  away  the  alternate  days  of  fasting  to 
which  the  people  were  subjected  in  a  time  of  bitter 
scarcity.  Neither  can  we  credit  Socrates  when  he 
avers  that  Palamedes,  son  of  the  King  of  Eubosa, 
invented  dice  to  serve  instead  of  dinner  during  the 
siege  of  Troy,  1200  b.  c. 

**  Herodotus  is  mistaken  when  he  says  that  these 
sports  were  invented  in  the  time  of  Atys,  to  amuse 
the  people  during  the  famine,  for  the  Heroic  times 
are  older  than  Atys. "  '  *  1  n  Homer  the  suitors  amused 
themselves  in  front  of  the  door  with  dice  [to  deter- 
mine by  the  chances  who  should  claim  Penelope]." 
—  Athen-eus,  a.  d.  220. 

Plato  is  more  probably  correct  in  ascribing  them 
to  the  Egyptians,  though  the  Sanscrit  book  is  as  old 
as  the  Pentateuch  and  the  Pharaoh  who  knew  Jo- 
seph. 

The  Greok  dice  were  cubes,  and  wei-e  numbered 
like  our  own,  6-1,  5-2,  4-3,  so  that  the  opposite 
faces  should  add  7.  They  usually  threw  three  dice. 
The  original  dice  are  supposed  to  have  been  knuckle- 
bones, and  they  still  maintained  their  popularity  af- 
ter the  more  perfect  numbered  cube  had  been  intro- 
duced. The  Doues  were  called  to/t,  and  were  used 
five  in  number.  The  astragali  were  ]»robably  cubes 
without  numbers,  and  played  like  the  knuckle-bones ; 
they  were  made  of  bone,  stone,  metal,  ivory,  or  glass. 
The  number  of  pieces  used  was  similar  to  the  num- 
ber of  the  lines  on  the  Greek  abacus,  or  the  digits 


of  the  hand.  (See  Abacus.)  The  game  of  astragali 
is  represented  in  ancient  sculpture  and  in  a  painting 
in  Herculaneum.  Pliny  mentions  a  group  in  bronze 
by  Polycletus  of  two  naked  boys  at  play,  then  in  the 
Atrium  of  Titus.  The  same  subject  in  stone  is  in 
the  British  Museum. 

In  the  game  of  duotUcim  scripta  the  moves  were 
determined  by  dice  ;  the  game  of  tali  and  tessera  was 
played  with  dice.     Dice  similar  to  ours  were  found 
at  Herculaneum,  and   the  convulsion  which  over- 
whelmed Pompeii  surprised  a  hazard -party  at  tlieir 
amusement ;    1800   years  aftenvard   tne  dice  were 
found  in  their  bony  hands,  and  the gameyet  unsettled. 
I      At  an  entertainment  given  in  1357  by  the  Lord 
Mayor  of  London,  the  Kings  of  France  and  Scotland 
I  l)eing  priioners  and  the  King  of  Cyprus  on  a  vi.^it 
{temp.  Edward  III.),  the  host  challenged  all  to  dice 
I  and  nazard.  —  Stow. 

I  The  dice-box  of  the  ancients  (fritillus)  was  of  a 
i  cylindriral  foim,  and  had  parallel  indentations  to 
*  turn  the  dice  as  they  were  shaken. 

To  descend  one  step  lower  brings  us  down  to  the 
game  of  **  odd  and  even  "  {par  et  ivipar),  a  puerile 
amusement  played  by  the  Ron  an*  vagabonds  with 
beans,  nuts,  almonds,  or  coin.  It  was  played  with 
the  fingers  in  ancient  Egypt,  in  Greece,  and  in  Rome, 
end  still  survives  in  the  Mexican  wora. 

Pitch  and  to>>s  was  not  so  common,  but  ])itching 
coins  or  bones  within  a  ring  or  into  a  hole  was  com- 
mon in  ancient  Greece. 

Thimble-rig  was  understood  and  practiced  by  the 
ancient  Egyptians,  much  as  by  the  vulgar  of  the 
present  day.  It  consisted  of  four  inverted  cups 
hiding  an  object,  such  as  a  pea  or  other  **  little 
joker,    and  in  described  by  Kenrick  and  Wilkison. 

Di'clircHiCope.     {Optics.)     An   instrument  to 
exhibit  the  two  comple- 
mentary colore  of  po-  ^ig- 1640. 
larized  light.   Thequal-  ^^ 
ity  called  the  dichroism  ' 
of  crystals  consists  in 
transmitting     diflerent 
colors     when     viewed 
in  different  directions. 
There  are  several  vari- 
eties of   this    apparatus  invented  by  Arago 
Brewster.    ■ 

As  constructed  by  Brewster,  it  consists  of  a  tube 
about  two  inches  long,  blackenwl  on  the  interior, 
and  attached  to  a  ball  and  socket. 

The  Imll  contains  two  prisms  of  calcareous  spar, 
separated  by  a  film  of  sulphate  of  lime,  so  placed 
that  each  pair  of  the  four  images  is  tinged  with  the 
complementary  colors.  A  lens  is  arranged  ujton  or 
near  the  prisms  either  at  front  or  back. 

On  viewing  the  sky  or  any  luminous  object,  four 
brilliantly  colored  images  of  the  aperture  will  be 
8t?en,  the  color  of  the  two  middle  ones  being  com- 
plementary to  that  of  the  outer  ones.  By  moving 
the  ball  in  the  sot^ket  the  colors  will  constantly 
change,  and  the  images  will  sometimes  overlap  and 
sometimes  separate,  exhibiting  a  great  variety  of 
hues,  pleasing  the  eye  by  their  combinations  ancl  by 
the  i^oit  harmony  of  their  contrasts. 

Many  beautiful  variations  may  be  obtained  by 
using  several  films  of  sulphate  of  lime  having  their 
axe^  variously  inclined  to  one  another. 

For  other  forms  of  this  instrument  see  **  Encyclo- 
pedia Edinensis,"  Vol.  XV.  jip.  653,  654,  and  plate 
ccccxlii. 

Dio'ing.  A  mode  of  ornamenting  leather  in 
squares  or  diamonds  by  pressure,  either  of  a  blunt 
awl  or  an  edging-tool,  or  in  a  machine  by  pressure 
between  dies. 
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Diok'ey.  A  seat  behind  the  body  of  a  carriage 
for  servants.  In  the  old-fashioned  EnsUsh  stage- 
coach it  was  occupied  by  the  guard  ancf  some  pas- 
sengers. 

Die.  1.  {Metal-toorking.)  a.  In  punching-ma- 
chines,  a  bed^piece  which  has  an  opening  the  size  of 
the  punch,  and  through  wliich  the  piece  is  driven. 
This  piece  may  be  a  planchet  or  blank,  or  it  may  be 
merely  a  plug  driven  out  of  the  object  to  form  a 
bolt  or  rivet  hole.  In  nut-machines  tlie  nuts-blanks 
may  be  made  by  one  die  and  punched  by  another. 

b.  {Forging.)  A  device  consisting  of  two  parts 
which  coact  to  give  to  the  piece  swaged  between 


Fig.  1641. 

\ /-              ^                      i 

Hammer-Forging  Diet. 

them  the  desired  fonn,  as  in  the  example  (Fig. 
1641),  which  shows  a  set  of  hammer-foT>png  cameo 
and  intaglio  dies,  which  act  successively  upon  the 
blank. 

c,  {Slt^ct-nieial. )  A  former  and  punch  or  a  cameo 
and  intaglio  die  betw(K;n  which  a  piece  of  sheet- 
metal  is  pressed  into  shape  by  a  blow  or  simple 
pressure.     See  Drop-pkess. 

d.  {Coining.)  Both  dies  are  intaglio,  so  as  to 
make  a  cameo  or  raised  impression  upon  each  face 
of  the  planchet.  The  upper  die  has  the  obverse^ 
the /aoc,  which  is  often  the  bust  of  the  sovereign  or 
national  emblem.  The  lower  die  has  the  reverse^ 
with  an  effigy,  legend,  value,  escutcheon,  as  the 
case  may  be. 

Owing  to  the  random  way  in  which  ornaments 
are  disposed  on  coins,  any  general  definition  will  no 
longer  meet  all  cases. 

A  die  for  coining,  mechanically  considered,  is 
matle  by  the  following  process : 
A  piece  of  softened  steel  called  a 
hub  is  prepannl,  and  upon  its 
end  the  design  is  cut.  Tne  steel 
is  then  haixlened,  and  is  used  to 
make  a  matrix^  in  which  the 
impression  is  iiUaglio,  that  is, 
sunken .  A  plug  of  softened  steel 
alittle  larger  than  itsultimate size, 
Coining-Dies        and  with  the  center  a  lit-         ^^ 

tie  raised,  is  placed  on  thef 

bed  of  a  screw-press,  and,  the  haniened  raatrix^^^" 
l)eing  placed  upon  it,  pressure  is  brought  to  bear  on 
the  matrix,  which  delivers  its  impression  on   the 
face  of  the  plug.    The  result  is  a  salient  impression. 


Fig.  1642. 


and  forms  the  punch.  In  ail  cases  where  metal  is 
condensed  it  becomes  heated  and  hardened,  and  in 
this  case  it  becomes  necessary  to  withdraw  the  im- 
IHjrfect  pundi  and  anneal  it,  after  whic;h  it  receives 
another  pressure  from  the  matrix.  This  is  repeated 
until  the  impression  is  fully  developed.  The  punch, 
by  a  similar  operation,  is  then  employed  to  make  a 
die.  The  die  is  then  haitlened,  and  may  be  used 
for  coining  or  for  making  a  new  hub  if  the  former 
should  become  injured.  The  first  peifect  die  is 
generally  ratained  for  the  purpose  last  mentioned. 

The  date  is  put  by  hand  into  the  dies  to  be  used 
in  coining,  as  it  requires  to  be  changed  ;  and  the 
first  die  and  the  hub  may  be  preserved  for  many 
years  and  may  make  hundreds  of  dies.  For  the  aj)- 
plication  of  the  dies,  see  Coining. 

A  mode  of  procedure  which  saves  one  step  in  the 
above  ])roce.ss  is  to  engrave  the  design  in  intaglio 
in  the  tii-st  plat^e.  This,  when  hardened,  forms  a 
7ncUrix,  from  which  the  punch  is  made ;  the  punch 
being  used  to  form  the  die  for  coining. 

A  die  will  sometimes  deliver  250,000  impressions 
before  it  is  necessary  to  remove  it  from  the  coining- 
press  ;  and  sometimes  a  die  will  crack  at  the  first 
mipression. 

e.  {Engraving.)  An  engraved  plate  or  small  roller 
of  steel,  subsequently  haniened  and  used  to  deliver 
an  impi-ession  upon  the  .surface  of  a  soft  steel  roller, 
which  in  turn  is  hardened  and  forms  a  mill.  The 
die  is  intaglio,  and  the  mill  is  cameo.  The  latter  is 
used  to  impress  a  plate  or  a  roller  to  be  used  for 
bank-note  printing  or  calico-printing  respectively. 
SeeTRANSFERUiNO-MACUiNR ;  Clammino-machine. 
/.  One  of  the  pieties  which  combine  to  form  a 
hollow  screw  for  cutting  threads  on  bolts  and  such 

Fig.  1648. 


Sereta- Cutting  Dies. 

like.   The  two  portions  are  fitted  in  a  stock.    In  some, 
the  dies  are  set  up  by  screws,  in  others  by  scrolls. 

2.  The  cube  or  dado  of  a  pedestal. 

3.  A  cube  marked  with  figures  on  its  respective 
sides  and  used  in  games  of  chance.     See  Dice. 

Die-sink'ing.    The  art  of  making  dies  for  coins, 
medals,  etc.     It  is  a  branch  of  engraving,  but  in- 

Fig.  1644. 


Stock  and  Dies. 
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vol  yes  turning,  tempering^  and  the  use  of  other  tools 
besides  the  graver.     See  Die. 

Di'e-oiB.      {Frintivg.)     The  double-dagger  (^), 
a  reference-mark. 

Die-stook.    A  frame  to  hold  the  dies  for  cutting 
external  screw-threads.   The  dies  are  detached  pieces 
of  steel,  containing  the  thread 
Fig.  1(>45.  on   their  inner  curved  sur- 

faces, and  these  fit  into 
grooves  or  upon  ridges  in  the 
slot  of  the  die-stock,  being 
closed  upon  the  bolt  to  be 
threaded  by  means  of  a  set 
screw. 

Flier  dUstocks  are  made  by 
setting  removable  dies  in  the 
jaws  of  pliers. 

Diffe-ren'tialBlook.   A 
double  block  having  sheaves 
of  different  sizes.     See  Dif- 
ferential Pulley. 
Die-stock.  Diffe-ren'tial  Coup'ling. 

A  form  of  extensible  coup- 
ling, to  vary  the  speed  of  the  driven  i>art  of  the  ma- 
chinery. 
Dif  fe-ren'tial  Feed.    An  arrangement  by  which 
a  regular  powerful  and 


F1S.1M8. 


Fig.  1646. 


slow  movement  is  ob- 
tained, for  carrying 
forward  a  tool,  t'roiu 
the  motion -work 
whereby  the  tool  is 
rotated.  A  differential 
feed-drill  is  shown  in 
front  and  side  views 
and  in  section.  The 
tangent-screw    moves 


DiffermtUU-Feed  DriU. 


at  the  same  time  the  two  ^ 
worm-wheels ab  ;  the  lower 
)ne  has  fifteen  teeth  and 
rotates  the  tool,  the  upper 
has  sixteen  teeth,  ana  by 
the  difference  between  the 
two,  the  odd  tooth  ad- 
vances the  tool  gradually 
by  the  rotation  of  the  axial  screw. 

Diffe-ren^tial  Gear'ing.  A  form  of  gearing 
first  introduced  by  Dr.  VVoUaston  in  his  troehiometa-, 
for  counting  the  turns  of  a  carriage-wheel,  in  which 
two  cog-wheels  of  varying  sizes  are  made  to  travel 
at  the  same  absolute  surface-rate  and  in  the  same 
direction,  and  communicate  motion  equivalent  to 
the  difference  between  the  circumferences  of  the 
two.  See,  for  an  illustration.  Differential  Feed. 
See  also  Equational-box. 

Diffe-rpn'tial  Pulley.  This,  in  a  somewhat 
clumsy  form,  has  been  kuoi^oi  for  centuries  under 
the  name  of  the  Chinese  windlass,  and  one  was 
found  by  the  allied  English  and  French  armies  to 
be  in  use  for  raising  one  of  the  drawbridges  in  the 
city  of  Pekin.  It  was  described  by  Dr.  Carpenter 
in  his  "Mechanical  Philosophy,"  etc.,  1844. 

The  .  chain  winds  over  two  drunus  of  different 


DiJTerenUal  PuUev. 

diameters,  winding  on  to  one 

as  it  unwinds  from  the  other ; 

the  effect  gained  is  as  the        ^.^       .  .  «  .. 

difference  between  the  two,        J>^^rmual  PuUey. 

the  smaller  the  difference  the  greater  the  power  and 

the  less  the  speed. 

In  the  glared  differential  pulley  the  effect  is  pro- 
duced bv  making  one  more  tooth  in  one  of  the 
wheels  the  chain  pas.ses  over  than  in  the  other. 

Diffe-ren'tlal  Screw.    Invented  by  Hunter, 
the   celebrated  suiigeon.     Two  threads  of  unequal 
pitch  are  upon  the  same  shaft, 
one  unwinding    as    the   other  Fig- 1649. 

winds.  Th e  effective  progression 
is  eaual  to  the  difference  of  the 
pitches  of  the  two  threads.  By 
mak  ing  th  is  difference  very  small, 
great  power  may  be  attained 
without  the  weakness  due  to  a 
very  fine  screw. 

A  B  IB  fi  plate  of  metal  in 
which  the  screw  C  D   plays. 
This  screw  is  hollow,  and  re- 
ceives the  smaller  screw  D  £,  , 
which  is  fi-ee  to  move  longitudi- 
nally, but  is  restrained  from  ro-     Differential  Screw. 
tating  by  the  frame  A  F  O  B   ' 
of  the  press.     The  larger  screw  has  ten  threads  to 
the  incu,  the  smaller  one  has  eleven. 

Diffe-ren'tial  Ther-mom'e-ter.  A  thermom- 
eter having  two  air-bulbs  connected  by  a  bent  stem 
occupied  by  colored  sulphuric  acid.     When  one  leg 


Fig.  1660..  < 


Fig.  1661. 


Differenttal  Windlass. 


Differential  Ther- 
mometer. 


is  exposed  to  heat,  the  air  in  the 
bulb  is  expanded,  and  the  liquid 
in  that  leg  of  the  instrument  is  depressed. 
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Diffe-ren'tlal  Windlafls.  A  windlass  whose 
barrel  cousists  of  two  portions  of  varying  diainetei-s. 
The  rope  winds  on  to  one  as  it  winds  oti'  the  other, 
the  effect  of  a  revolution  being  governed  by  the  dif- 
ference between  the  circumferences  of  the  two 
portions.  If  it  wind  on  to  {he  lai*ger  and  off  of  the 
smaller  the  load  is  raised,  and  conversely.  See  Chi- 
nese Windlass. 

Dif-fu'sion  -  ap-pa-ra'tus.  {Sugar-manufac- 
ture. )  A  mo<le  of  extracting  the  sugar  from  cane  or 
beet-root  by  dissolving  it  out  with  water.  It  is 
adopted  in  some  establislnnents  in  Britisli  India  and 
in  Austria.  The  sugar-yielding  material  is  fed  in  at 
the  hopi^r  a  and  cut  into  slices  in  the  cylinder  b  by 
knives  driven  by  band-wheel  r,  and  issues  at  the 
opening  o  into  the  hopper  c,  where  it  is  carried  down 
the  central  pi^te  d  and  discharged  into  the  lower 

Fig.  1662. 


Ao6«rr«  Diffusion- AppeaxUusJbr  Sugar. 

chamber  «,  and,  gradually  ascending  through  the 
series  of  chambers  f  g  h  »,  is  carried  off  by  a  rake  p 
<lriven  by  gearing  q.  As  the  slices  of  cane  rise  in 
the  diffu.sing-chambers,  they  meet  water,  which  is 
supplied  from  alwve  through  small  pipes,  the  water 
meeting  first  the  most  exhausted  slices  as  they  rise 
to  the  discharge-level,  and  pa.ssing  through  to  the 
richer  material  as  it  becomes  more  and  more  satu- 
rated .  At  the  bottom  it  issues  through  perforations 
or  outlet-pipes  A%  and  is  earned  off  to  a  cistern 
I,  where  it  is  heated,  and  is  then  returned  upon  the 
cane  through  the  pipe  m  and  the  cistern  n  and  the 
centi-al  feeiling-tul>e,  by  whi<*h  the  cane  or  beet  is 
supplied  to  the  diffusing-chamber. 

Dif'fa'sion-tabe.  An  instrument  for  determin- 
ing the  rate  of  diffusion  of  different  gases.  It  con- 
sists of  a  graduated  tube  closed  at  one  end  by  plaster- 
of-paris,  —  a  substance  which,  when  moderately  dry, 
possesses  the  reqnired  porosity.  — Thomas. 

Di'geat-er.  Invented  by  Dr.  Papin,  about 
1690. 


A  strong  boiler  a  with  a  tightly  fitting  cover  6, 
closed  by  a  screw  c,  and  used  to  ex^iose  food  to  a 
heat  above  212°.     By  a  certain  increment  of  heat 
the  gelatine  is  sepa- 
rated      from       the  Fig.  1658. 
phospliate    of   lime 
of  the   bones ;   the 
earthy   particles 
sinking  to  the  bot- 
tom.      It      has     a   j 
safety-valve  on  top 
to   allow  steam    to 
escai>e  when  it  be- 
gins  to    acquire    a 
dangerous    tension. 
It  was  in  contriving 
this  boiler  that  Dr. 
Papin  invented  the  safety-valve. 

The  lard  and  other  grease  tanks 
used  for  workingup  poor  carcasses  and 
the  offal  of  slaughter-houses  belong 
to  this  cla.s8  of  apparatus.    Thouf-ands 
of  carcasses  of  cattle  and  sheep  too 
i  poor  for  the  market  are  thus  worked 
'  up  yearly  in  the  United  States,  and 
j  the  laitl-tank  is  a  regular  feature  in       Digtsters. 
the  hog-slaughtering  centers,  Chicago, 
Cincinnati,  et<\,  where  the  entrails  and  other  offal 
I  yielding  greas<i  are  thus  treated  on  a  large  scale. 

The  tanks  have  also  be<'n  introduced  into  Buenos 
I  Ayres  and  probably  into  Texas,  where  beeves  are 
I  siaughtereil  for  their  hides  and  tallow.  The  car- 
I  casses,  after  removing  a  few  choice  parts,  are  dr<mped 
I  into  the  tanks,  when  steam  is  apjlied,  rcj-olvir.g 
I  them  into  fat,  water  holding  soluble  matters  in 
solution,  and  mud,  the  latter  containing  the  earthy 
and  some  other  particles. 

Of  this  class  is  Wilson's  tank  for  rendering  lard 
and  tallow,  jwitented  in  1844.  The  tank  is  i)referably 
a  vertical  cylinder,  and  is  calculated  for  high-pies- 
sure  steam.  It  has  a  perforated  steam-pipe  ImpIow 
the  perforated  false  bottom  which  sustains  the 
charge,  and  allows  the  water  of  condensation  to 
percolate  into  the  lower  chamber.  A  discharge-hole 
at  Iwttom  is  provided  for  removing  the  residuum. 
A  number  of  try-cocks  at  different  bights  afford 
nieans  for  determining  the  levels  of  the  fat  and  water 
respectively  ;  and  discharge-cocks  permit  the  float- 
ing fat  to  lie  decanted  or  the  water  withdrawn,  as 
the  contents  and  state  of  the  process  may  require. 

The  figure  on  the  right  hand  shows  an  a]i]taratus 
in  which  tannin  is  extractetl  from  the  vegetable  sub- 
stances which  yield  it, —  say,  for  instance,  nut-galls. 
It  is  an  elongated  glass  vessel  j4,  having  an  orifice 
at  top  which  is  fitted  with  a  ground-glass  stopper, 
and  contracting  at  its  lower  extremity  so  as  to  fit 
into  the  neck  of  a  bottle  or  matrass  B,  which  receives 
the  extract.  The  matrass  connects  by  proper  ori- 
fices and  a  caoutchouc-lul)e  D  with  the  vessel  J,  so 
that  the  ether  which  lies  upon  the  nut-palls  in  the 
upper  vessel  and  forms  the  menstruum  of  the  extract 
in  the  lower  one  shall  not  evaporate. 

Dig'ger.  A  name  applied  to  some  forms  of  spade- 
like  implements  in  which  the  soil  is  lifted  and  turned 
by  other  than  the  usual  modes.  More  curious  than 
useful. 

'  Di^'ging-^na-ohine'.  (Agrimlture.)  A  spad* 
ing-machine  for  loosening  and  turning  the  soil. 
There  are  many  forms,  which  may  be  classed  under 
two  heads,  reciprocating  and  rotary. 

Fig.  1654  represents  one  kind  in  which  the  spade- 
handles  pass  tnrough  guide-slots  in  an  upper  bar, 
and  receive  their  motion  by  attachment  to  cranks 
revolvefl  by  connection  with  the  drum.     The  depth 
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Fig.  1664 


Reeiproeating  ^fetdmg-MKhme. 

is  regulated  by  the  vertical  adjustment  of  the  tilting- 
frame  which  carries  the  crank-slmft. 

In  the  rotary  machine  (Fig.  1655>  the  ground - 
wheel  b  drives  the  spade-wheel  L'  through  the  inter- 
vention of  gearing.  The  wheel  B  is  in  the  advance, 
and  the  depth  of  penetration  is  regulated  at  the  rear 


Fig   1655 


Rotary  Digging' Machine. 

of  the  frame  above  the  caster-wheel  N".     The  shares 
if  if  are  removable. 

Other  forms  of  spaders  have  blades  thrust  out  and 
retracted  as  the  machine  advances. 

Digue.     A  sea-wall  or  breakwater.     An  artificial 
construction  opposing  a  barrier  to  the  sea  or  preveut- 
ingthe  denudation  of  the  land  thereby.     See  Dike. 
Dike.    1.  A  levee  or  wall  of  earth,  gabions  or  car- 
pentrj',    to  prevent 
^'  1853.  the     encroachment 

of  water,  or  to  serve 
as  a  wharf  or  jett}'. 
The  structures  va- 
ry   extremely,     ac- 
cording to  purpose, 
exjiosure,    and    the 
nature  of  the  foun- 
dations.    The  more 
superior  class   con- 
sists   of   a    timber  , 
structure     strongly  ; 
braced,  founded  on  - 
piles,  filled  in  with  I 
stone,  and  faced  with  planking  or  masonry.     See  | 
Sea-wall  ;  Jetty  ;  Breakwater.  ; 

The  dikes  of  Holland  are  the  most  memorable  of 
their  class,  and  protect  from  the  sea  that  wonderful 
land  which  is  so  largely  below  the  high-water  sea- 
level.  The  dikes  in  some  part^  of  Holland  are  thirty 
feet  above  the  ordinary  level  of  the  country,  and  have 
sufficient  width  at  top  to  foi-m  a  roadway.  They  are 
founded  on  timbers  and  piles  filled  in  with  stones 
faced  with  clay  and  revetted  with  gabions  of  rushes, 
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willows,  etc.  The  slope  to  the  sea  is  from  1  rise  to 
4  base  down  to  1  in  13. 

The  history  of  these  works  is  one  of  gradually  in- 
creasing strength  and  solidity,  with  heroism  and 
pertinacity  wonderful  to  relate.  The  accidents  by 
which  the  sea  has  again  and  again  claimed  its  own 
have  swept  away  whole  provinces  and  conmiunities. 
A  flood  in  1277  formed  the  present  Gulf  of  Dort  and 
overwhelmed  forty-four  villages.  The  flood  of  1287 
overwhelmed  80,000  persons,  and  gave  the  Zuyder 
Zee  its  present  bounds.  Another  storm  in  the  six- 
teenth century  destroyed  100,000  persons. 

The  Haarlem  Lake  is  the  latest  of  the  great  recla- 
mations. The  cost  of  rendering  habitable  and  cul- 
tivable the  51,800  acres  was  $3,380,000,  about  $65 
per  acre.  Previously  to  undertaking  this  colossal 
work,  the  Zind  Plass,  of  nearly  11,600  acres,  had 
been  reclaimed  at  a  cost  of  $  1,250,000,  not  far  from 
$110  per  acre. 

Among  the  most  celebrated  of  dikes  was  that  of 
Menes,  which  turned  the  Nile  from  its  course  to  ac- 
commodate the  new  city  of  Memphis.  "Its  lofty 
mounds  and  strong  embankments  turned  the  water 
to  the  eastward,  and  efl*ectually  confined  the  river  to 
its  new  bed."  —  Wilkinson. 

2.  {Mining. )  A  non-metallic  wall  of  mineral  mat- 
ter occupying  a  former  fissure  in  rock,  intercepting 
and  disturbing  the  order  of  ore-bearing  strata. 

3.  A  stone  fence   (Scot- 
land). 

4.  A  ditch  for  water. 
Di-lat'or.  An  instrument 

for  extending  parts,  such  as 
the  eyelids,  or  dilating  the 
walls  of  a  cavity,  the  urethra, 
vafiina,  anus,  etc.     See  the 
following:  — 
Anal  dilator. 
Eyelid-dilator. 
Lachnrmal-duct  dilator. 
Stricture-dilator.  Speculum. 

Urethra-dilator.  Sphincter-muscle  dilator. 

Uterine  dilator. 

Dil'i-genoe.  A  French  stage-coach.  It  was  the 
national  vehicle  on  the  regular  routes  ;  had  four 
wheeels,  two  compartments,  a  deck,  and  a  dickey  ; 
was  drawn  by  from  four  to  seven  horses,  and  engi- 
neered by  a  postilion. 

Dil-lu'ing.  A  Cornish  word  for  the  operation  of 
sorting  ores  in  a  hand-sieve.  The  sieve  has  a  hair 
bottom  of  close  'texture,  and  contains  about  thirty 
pounds  of  stamped  tin  ore.  The  sieve  is  immersed 
in  water  and  moves  the  ore  up  and  down  and  cir- 
cularly, so  as  to  cause  all  the  particles  to  be  in  a  state 
of  suspension  in  the  water. 

By  inclining  the  sieve  the  lighter  particles  are  al- 
lowed to  run  ofl"  into  the  kccve,  while  the  richer  par- 
ticles are  laid  aside  for  roasting, 

Di-lut'ing  Roller.  A  roller  in  paper-makinjj 
machinery,  which  conducts  an  additional  supply  of 
water  into  the  pulp-cistern  to  reduce  its  density. 

Dim'i-ty.  {Fabric.)  A  heavy,  tine,  white  cot- 
ton goods,  with  a  crimped  or  ridged  surface  ;  plain, 
striped,  or  cross-barred. 

The  Greek  dimitos  (double  warp-thread)  is  be- 
lieved to  have  been  a  kind  of  twilled  fabric,  and  was 
equivalent  to  the  I^atin  bUix, 

Di'men-sion  Luinl>er.  Lumber  sawed  to  spe- 
cific sizes  to  order,  in  contradistinction  tostock-lumbtr 
which  has  the  usual  market-sizes.   See  Stock-gang. 

Di'men-Bion  Stone.    Ashlar  (which  see). 

Di-min^ish-ing-BtafEl  {Shipbuilding.)  Plank- 
ing wrought  under  the  wales,  and  thinned  to  corre- 
spond with  the  thickness  of  the  bottom  plank. 
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Ding-dong.  {Horology.)  A  striking  arrange- 
ment in  which  two  bells  of  different  tones  are  used 
and  struck  in  succession  to  mark  the  quarter-houra. 

Dinged-work.  Work  embossed  by  blows  which 
depress  one  surface  and  raise  the  other.  8ce  Chas- 
ing. 

Din'gy.  1.  A  row-boat  of  the  Hoogly,  which 
probably  gave  the  name  to  the  little  jolly-boat  of  the 
merchant-service,  mentioned  below. 

2.  A  boat  of  Bombay,  proiwlled  by  paddles,  and 
having  one  mast  and  a  settee-sail. 

3.  An  extra  boat  of  a  ship  for  common  uses. 
It  is  clinker-built,  from  12  to  14  feet  long,  and  has 
a  beam  one  third  of  its  length. 

Di-op'ter.  An  ancient  altitude,  angle,  and 
leveling  instrument ;  said  to  have  been  invented  by 
Hipparchus.     Dioptra. 

Di-op'tric  Light.  The  dioptric  system  of  light- 
ing, used  in  liglithouscs,  as  distinguished  from  the 
catoptric,  which  is  by  reflectors.  Refraction  instead 
of  reflection. 

Lenses  were  used  in  the  South  Foreland  light  in 
1752.  and  in  the  Portland  light,  England,  in  1789. 
The  system  fell  into  disfavor,  owing  to  certain  me- 
chanical difficulties  in  the  construction  and  arrange- 
ment of  the  lenses. 

It  was  revived  and  improved  by  Fresnel  about 
1810,  and  has  been  generally  adopted  thraughout 
France  and  Holland,  and  partially  in  England.  It 
is  consMered  superior  to  the  catoptric,  and  was  re- 
adopted  in  England  in  1834,  beinj^  placed  in  the 
Lundy  Island  Lighthouse,  Devonshire,  England. 

The  Fresnel  dioptric  lamp  consists  of  a  mechanical, 
four-wicked  oil -lamp,  placed  in  the  center  of  an 
octagonal  glass  prism  ;  the  center  part  of  each  of 
the  sides  being  formed  of  a  plano-convex  lens  of 
about  15  inches  diameter,  which  is  surrounded  by  a 
series  of  glass  rings  of  a  spherical  triangular  form, 
so  as  to  i)ro<luce  the  same  eflect  upon  the  rays  as  is 
produced  by  the  central  lens.  Allan  Stevenson, 
Arago,  and  Faraday  are  credited  with  improvements 
in  the  details. 

The  flame  is  placed  in  the  focus  of  the  lenses,  and 
the  beams  are  bent  parallel  to  each  other,  so  as  to 
form  a  solid  beam  of  light    proceeding  from  each 

Fig  1667. 


FrtsfuVs  Dioptric  light. 

lens.  The  lenses,  after  careful  and  persistent  at- 
tempts, were  merged  into  a  cylindrical  hoop  which 
formed  the  central  zone  around  the  flame,  as  seen  in 
the  elevation  a.  The  rays  striking  above  and  below 
were  bent  so  as  to  assume  a  position  parallel  to  those 
proceeding  from  the  hoop,  as  seen  in  the  section  h. 

Di-op'tric  Mi-crom'e-ter.  A  form  of  the 
double  image  micrometer,  introduced  by  Ramsden 
(1735-1800),  in  which  the  divided  lens  is  in  the 
eye-tube.  In  the  ordinary  form  it  is  the  object- 
glass  which  is  divided. 

Di'o-ra'ma.  A  mode  of  scenic  representation  in 
which  the  spectator  and  picture  are  placed  in  sepa- 
rate rooms,  and  the    picture  viewed    through   an 


aperture  \\n*.  sides  of  which  are  continued  towards 
the  picture,  so  as  to  prevent  the  distraction  of  the 
eye  by  other  objects.  All  light  admitted  passes 
tarouglv  this  aperture  from  the  picture,  which  is 
illumined  by  light  from  above  at  such  an  angle  as 
to  be  reflected  through  the  aperture  towards  the 
spectators.  By  means  of  shutters,  screens,  and  i-e- 
flectors,  the  light  is  modified  to  represent  changes 
of  sunlight,  cloud,  and  moonlight.  Transparent 
poi-tions  of  the  picture  admitting  light  from  behind 
brilliantly  illuminated  certain  portions. 

M.  Daguerre  was  one  of  the  artists  of  the  dioramic 
exhibition  at  lie^nt's  Park,  I/ondon,  in  1823.  He 
is  justly  famous  in  connection  with  his  heliographic 
discoveries.  He  died  in  Paris,  January  10,  1851, 
aged  62.  M.  Bouton  was  associated  with  Daguerre 
in  the  invention  and  exhibition. 

Dip.  1.  (Ckympass.)  The  vertical  angle  which  a 
freely  suspended  iieedle  makes  with  tne  horizon. 
Inclination.     See  Dippino-nkedle. 

2.  {Mining  Engineering.)  The  inclination  or  pitch 
of  a  stratum.  The  ]K)int  of  the  compass  towards 
which  it  declines  is  the  }wint  of  dip.  The  angle 
with  the  horizontal  is  the  amount  of  dip  or  the  angle 
of  dip.  The  strike  is  the  extension  of  the  stratum 
at  right  angles  to  the  dip.  Dij)  is  also  known  as 
IiadCf  slope,  underlie. 

3.  The  depth  of  submergence  of  the  float  of  a 
I)addle- wheel. 

4.  A  candle  made  by  repeated  dipping  of  the 
wick  in  melted  tallow. 

5.  The  slight  downward  inclination  of  the  arms 
of  an  axle.     Sunng. 

6.  {Furtificntion.)  a.  The  sujierior  slope  of  a 
parapet. 

h.  The  inclination  of  the  sole  of  an  embrasure. 

Dip-oir'cle.  A  vertical  graduated  circle,  in  the 
jilane  of  which  a 

delicate    magnetic  ^- 1658. 

needle  is  suspended 
on  a  honzontal 
axis,  which  rests 
upon  two  polished  _ 
agate  supports.  § 
The  circle  is  set  in 
the  plane  of  the 
magnetic  meridian, 
and  the  needle  in- 
dicates upon  the 
graduated  circle 
the  angle  of  incli- 
nation. 

In  the  improved 
form  shown  at  Fig. 
1658,  the  neetUe 
is  insulated  from 
other  metal,  and 
the  readings  are 
effected  by  two  tel- 
escopes   fixed    on  

opposite  ends  of  an 

ann    traversing    a  Dip-CireU. 

graduated  circle. 

Dip-head  Lev'eL  {Mining.)  The  gallery  pro- 
ceeding right  and  left  from  the  engine-pit  bottom. 
The  mo/«-level. 

Di-plei'do-scope.  An  optical  instrument  for 
indicating  the  ])assage  of  a  heavenly  botly  over  the 
meridian  by  the  coincidence  of  two  images  forme<l 
by  a  single  and  double  refraction  from  a  triangu- 
lar prism  which  has  one  transparent  and  two  silvered 
planes,  one  of  the  latter  being  in  the  plane  of  the 
meridian.  —  Brande. 

Dip'per.     {Photography.)     An  instrument   used 
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for  immersing  negative  plates  in  npriglit  baths  con- 
taining nitrate  of  silver,  hyposulphite  of  soda,  cya- 
nide of  |K)tassium,  etc.,  and  withdrawing  the  same 
after  sensitizing  or  fixing.  They  are  slender  flat 
strips  of  hard  rubber,  wood,  glass,  poi-celain,  and 
sometimes  silver  wire,  having  short  projections  upon 
which  to  rest  the  edge  of  the  i>late,  which  stands 
nearly  upright  in  the  bath  while  tne  chemical  changes 
take  place. 

Dip'ping.  1.  The  process  of  brightening  orna- 
mental brass-work. 

The  grease  is  removed  by  heat  or  Ive. 
The  work  is  pickled  in  dilute  aquafortis. 
Scoui-ed  with  sand  and  water. 
Washed. 

Dipped  in  a  bath  of  pure  nitrous  acid  for  an 
instant. 
/.  Washed.  g.  Rubbed  with  beech  sawdust. 

h.  Burnished.         i.  Lacquered. 
2.  Plunging  sheet-iron  plates  in  the  pickle  or  the 
tin-bath  in  tinning. 
8.  Wicks  in  the  tallow-vat. 

4.  The  wool  or  fabric  in  the  dye-tub. 

5.  The  pajier  form  in  the  pulp. 

And  so  on  of  various  operations  in  the  arts,  me- 
chanic and  fine. 

6.  The  Scotch  term  for  the  dtthhiTig  of  American 
and  English  curriers.  It  consists  of  boiled-oil,  fish- 
oil,  and  tallow. 

7.  {Photographi/.)  Immersing  the  collodionized 
plate  in  a  sensitizing  bath. 

Dip'ping-fraine.  1.  A  frame  from  which  can- 
dle-wicks are  suspended  while  dipping  into  the  vat 
of  melted  tallow.     See  Candle. 

2.   (Dyeing.)    A   frame  on   which   the  fabric  is 
stretched  and  immersed  in  dyeing  with  indigo. 
Dip'plns-nee'dle.  The  inclination  or  dip  of  the 
magnetized  needle  was  not  known  to 
the  Chinese,  who  had  discovered  its 
variation  during  the  twelfth  century. 
This  element  of  ten-estrial  magnet- 
ism appears  to  have  been  discovered 
I  by  Robert  Norman,  a  compass-maker 
of  Ratcliff,  London,  who  detected  the 
dip  and  published  the  fact  in  1576. 
He  contrived  the  dipping-needle,  ami 
found  the  dip  at  London  to  be  71"  50'. 
Dipping-Needle.  See  also  DiP-ciKCLE. 

Captain  Sir  James  Ross,  the  cele- 
brated Arctic  navigator,  reached  the  magnetic  pole, 
latitude  70**  5'  17"  north,  and  longitude  96"  46'  45" 
west,  on  the  1st  of  .June,  1831.  The  amount  of  dip 
was  89"  59'.  Horizontal  needles  refused  to  work, 
showing  no  sensitiveness.  He  erected  a  cairn  of 
limestone  rocks,  inclosing  a  tin  case  containing  the 
record.  The  <'airn  may  remain,  unless  the  Esqui- 
maux Indians  have  removed  it  in  search  of  plunder, 
but  the  magnetic  pole  has  moved  away. 

The  dipping-needle  Is  one  of  the  instruments  fur- 
nished to  the  chain  of  observatories  which  are  dotted 
over  the  earth.    See  Magnetometer. 

Dip'ping-pan.  {Stereotyping.)  A  square,  cast- 
iron  tray  in  which  tYm  ^floating -plate  and  plaster-cast 
are  placed  for  obtaining  a  stereotype  cast.  The 
floating-plate  is  to  form  the  back  of  the  stereotype, 
and  the  mold  the  face ;  the  dipping-pan  forms  the 
flask,  and  is  plunged  beneath  the  surface  of  the 
metal  in  an  iron  pot.  The  metal  nins  in  at  holes 
through  the  lid  and  forces  apart  the  plate  and  mold. 
Dip'plng-tube.  A  tube  for  taking  microscopic 
objects  out  of  a  liquid.     See  Fishing-tube. 

Dip-pipe.  A  device,  also  known  as  a  senl,  in 
the  hydraulic  main  of  gas-works.  In  the  illustra- 
tion, the  seal-cup  a  is  charged  with  tar,  which  per- 


Dip'pins- 

Flg.  1659. 


mits  the  movable  dip-  Fig.  1060. 

pif>e  ft  to  be  lifted  into  or 
out  of  the  main.  The 
lidc  cannot  be  removed 
from  the  mouthpiece 
until  the  handle  is 
raised,  which  removes 
the  lock  and  seals  the 
dip.  When  the  retort 
is  again  chained,  and 
the  lid  fastened  by  bear- 
ing down  the  handle  of  |  >«u 
the  lift,  the  lid  is  locked 
and  the  dip  is  again 
raised.  ^ 

Dip-roU'er.  (Print- 
ing.)    A  roller  to  dip  Dip- Pipe. 
ink  fi-pm  the  fountain. 

Dip-sec'tor.  A  reflecting-instrument.  One  was 
invented  by  Dr.  Wolloston,  and  one  by  "Troughton. 
It  is  used  for  ascertaining  the  true  dip  of  the 
horizon  ;  the  principle  is  similar  to  the  sextant. 

Dip'ter-on.  {ArcJtUcdure.)  A  temple  having  a 
double  row  of  columns  on  each  of  its  four  sides. 
Such  an  edifice  is  said  to  be  dipteral. 

Di-rect'ing-oir'cle.  A  ring  used  in  giving  the 
proper  shape  in  making  gabions. 

Di'rect-ac'tion  Bteam-en'gine.  A  form  of 
steam-engine  in  which  the  piston-rod  or  cross-head 
is  connected  directly  by  a  rod  with  the  crank,  dis- 
pensing with  working-beams  and  side-levers.  They 
may  be  classed  generally  under  three  heads :  those 
which  obtain  the  parallelism  of  the  piston-rod  by 
means  of  the  system  of  jointed  rods  called  2i  parallel 
motion  ;  those  which  use  guides  or  sliding  surfaces 
for  this  purpose  ;  and  those  denominated  oscillntivg- 
engines,  in  which  the  cylinder  is  hung  upon  i>ivots 
ana  follows  the  oscillations  of  the  crank.  More  spe- 
cifically as  follows  :  — 

Annular  cylinder  steam-engine  (Maudslay's). 

Double-cylinder  steam-engine  {Maiidslays). 

Double-piston  steam-engine  {Maiulslay's). 

Gorgon  steam-engine  {Seaward* s). 

Inclined  cylinder  steam-engine  {BruneV^. 

Inverted  cylinder  steam-engine  {Oalloway's). 

Inverted  double-cylinder  steam-engine  {IJic/.'s). 

Oscillating  cylinder  steam-engine  ( fVilty's). 

Sliding-cover  steam-engine  {Farhpi's). 

Steeple  stenm-engine  {TrevcthicJc,  Napier). 

Trunk  steam-engine  (ihimphery's). 

See  under  the  iesj>ective  heads. 

In  Napier's  direct-action  steam-engine,  the  beam  is 
retained,  but  only  for  the  purpose  of  working  the 
pumi>8. 

The  cylinders  are  arranged  alongside  of  each  other, 
and  work  the  cranks  on  the  main  shaft,  the  cranks 
lieing  set  at  90**  with  each  other  ;  but  one  of  the  cyl- 
inders shows  in  the  side  elevation.  The  cylinders  a 
are  ti.\ed  to  a  framing,  which  is  bolted  to  the  bottom 
of  the  boat.  The  piston-vods  are  keyed  at  the  upper 
ends  to  cross-heads  c,  to  the  exterior  ends  of  wnich 
are  attached  the  connecting-rods  d.  The  lower 
ends  of  the  latter  are  inserted  in  the  fork  ends  of 
the  beams  c,  which  vibrate  upon  a  shaft/,  the  bear- 
ings of  which  rest  on  the  top  of  the  condenser  g. 
In  the  same  forks  are  inserted  the  ends  of  other  con- 
necting-rods ft,  which  are  keyed  at  their  upper  ends 
to  cross-heads  i  i.  In  the  center  of  these  cross-heads 
are  bosses  large  enough  to  receive  the  rods  y^,  which 
extend  to  the  crank -pins  of  the  cranks  k  k.  These 
cranks  are  fixed  to  the  main  shaft,  which  rests  upon 
the  bearings  I Z,  upon  the  arches  tti,  which  are  bolted 
to  the  cross-beam. 

The  side-beams  e  e  are  not  straight,  but  have  two 
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bend:»,  the  ends  near  the  cylinder  being  much 
farther  apart  than  the  oppoi^ite  ends,  which  are 
alongside  the  air-pump,  so  that  they  conform  some- 
what to  the  shape  of  the  machine,  and  take  up  as 
little  room  an  possible.  The  beams  e  e  are  also 
forked  at  their  ends  nearest  to  the  air-pump  o,  in 
order  to  admit  the  insertion  of  the  pump-rods  p, 
which  are  connected  at  their  upper  ends  with  the 
cross-head  9,  in  a  bush  in  the  center  of  which  is 
keyed  the  air-pump  rod  r.     Connecting-rods  s  are 


Napler^s  Direet'Aetion  Steam- Engine. 

attached  to  the  side  beams  c,  and  at  their  upper 
ends  t  to  cross-heads,  which  ai*e  connected  to  two 
rods  which  work  the  plungers  of  two  feed-pumps  for 
supplying  the  boiler.  The  rod  and  lever  x  are  for 
the  purpose  of  regulating  the  (quantity  of  injection 
water  which  entem  into  the  condenser,  by  a  pipe 
from  the  outside  of  the  vessel,  and  can  be  increased 
and  lessened  in  quantity  by  turning  a  cock  to  which 
the  rod  x  is  attached  ;  y  is  a  hot-well,  into  which 
the  condensing  water  is  dischargcnl  from  the  air- 
pump.    The  feed- 


Fig.  1362 


PfHu'a  Marine  Stfiun-Engin*. 


pumps  are  sup- 
plied with  water 
ironi  this  hot- 
well,  through  the 
medium  of  a  pipe, 
the  overplus  bemg 
discharged 
thi-ough  the  side 
of  the  vesseL  by 
another  pipe  (not 
shown). 

In  Penn's  di- 
rect-action steam- 
engine,  a  is  the 
cylinder ;  b  the 
piston-ro<l,  carry- 
ing the  cross-head 
cc;  this  latter 
consists  of  four 
arms,  branching 
diagonally  from 
the  center.  On 
each  side  two 
side- rods  d  d  are 
suspended  from 
the  extremities  of 


the  arms  e  e  of  the  cross-head,  and  are  attached  at 
the  lower  end  to  a  cross-bar,  in  the  center  of  which 
is  a  pin,  to  which  the  forked  end  of  the  arm  g  of 
the  connecting-rod  h  is  coupled  ;  i  t  are  two  guide- 
rods,  upon  wmch  the  bar  c  slides,  the  rods  passing 
through  brass  bushes  attached  to  the  side  of  the 
bar  ;  k  is  the  crank,  and  m  the  side  frame  ;  n  the 
slide-cAse,  and  p  the  steam  pipe. 

Di'reot-drafL  In  steam-boilers,  when  the  hot  air 
and  smoke  pass  off  in  a  single  direct  flue.  In  contra- 
distinction to  a  reverting,  a  wheels  or  a  split  draft. 

Di-reot'or.  1.  {Electricity.)  A  metallic  instni- 
ment  on  a  glass  handle,  and  connected  by  a  chain 
with  the  pole  of  a  lottery  or  Ley  den  jar.  It  is  ap- 
plied on  tliat  part  of  a  body  to  which  a  shock  is  to 
be  sent 

2.  {Surgical.)  A  grooved  instrument  for  guiding 
a  bistoury,  bullet-extractor,  etc. 

Dirk.  A  dagger.  The  name  is  Celtic  (diurc), 
and  the  weapon  forms  part  of  the  equipment  of  a 
Scotch  highlander  and  an  English  midshipman. 

Tlie  scalning-knife,  stiletto,  and  bowie-knife  are 
similar  implements  in  favor  with  other  people. 

Dirk-knife.    A  knife  with  a  hinged  dirk-blade. 

Dirt-board.  {Carriage.)  A  board  for  warding 
off  earth  from  the  axle-arm.     A  cnttoo-plate. 

DirtF-Borap'er.  A  grading-shovel.  A  road-scrap- 
er. An  implement  drawn  by  a  pair  of  horses,  man- 
aged by  one  man,  and  used  in  leveling,  banking  up. 


Dirt- Semper. 


or  grading  ground.  In  the  example,  the  shovel 
turns  upon  pivots  in  the  frame,  and  its  rear  end  is 
engaged  by  spring  catches,  which  are  retracted  by 
levers  beneath  the  nandles.  Pressure  on  the  trimers 
d  allows  the  shovel  to  capsize  and  dump  its  loadL 

Dis-ohar^'.  1.  The  issuing  direction  of  water 
from  a  reaction  or  turbine  wheel  :  as,  the  outirard 
dischai^e,  or  Foumeyron  turbine ;  the  vertical  dis- 
cliarge,  or  Jonval  turbine  ;  the  center  discharge,  etc. 

2.  An  ajutage. 

Dis-diarg'er.  1.  (Calico-printing.)  A  material 
with  which  cloth  is  printed,  in  order  that  the  color 
in  which  the  cloth  is  subsequently  dippd  may  be 
removed  from  those  jwrtions  printed  with  the  dis- 
charger. 

The  disclmrgcr  acts  either  upon  the  coloring  mat- 
ter, or  on  the  monlant  b*ifore  the  cloth  is  expos^i'd 
to  the  dye.  It  acts  chemically  by  converting  the 
coloring-matter  into  colorless  or  soluble  products ; 
or  upon  the  mordant  by  removing  its  effectiveness 
in  setting  the  color. 

It  differs  from  a  resist  in  this,  — 

A  resist  is  an  application  to  prevent  a  color  taking 
upon  a  cloth.     A  discharger  is  to  remove  it. 

2.   (Electricitif.)     See  Discharoino-rod. 

Dis-charge'-style.  {Calico-printing.)  a.  A 
mode  of  calico-printing  in  which  thickened  acidulous 
matter,  either  pure  or  mixed  with  mordants,  is  im- 
printed in  i-ertain  points  upon  the  cloth,  which  is 
afterwards  padded  with  a  dark -colored  mordant,  and 
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then  dyed,  with  the  effect  of  showing  bright  figures  ) 
on  a  darkish  ground.    Also  known  as  the  rongeant 
style. 

b.  A  mode  in  which  certain  portions  of  color 
are  removed  from  dyed  goods  by  the  topical  ap- 
plication of  chlorine  or  chromic  acid.  See  De- 
coloring-style  ;  Bandanna. 

Dis-oharge'-valve.     In    marine  engines,   a     < 
valve  covering  the  top  of  the  air-pump,  opening 
when  pressed  from  beneath. 

Dis-oharg'ing-aroh.  {Architecture.)  Onebuill 
above  a  lintel  to  take  the  superincumbent  pressun 
therefrom. 

Dia-oharglng-rod.  A  Instrument  to  discharge 
a  charged  electrical  jar  or  battery.  It  has  a  glas£ 
handle  and  a  pair  of  hinged  rods  with  balls  on  the 
ends,  which  are  brought  into  connection  respective- 
ly with  the  two  surfaces  or  poles  of  the  jar  or  bat- 
tery. 

Dis'en-ga^'ing-gear.      {Machinery.)     Contriv- 
ances by  which  machines  are  thrown  out  of  connec- 
tion with  their  motor,  by  disconnecting  the  wheels, 
chains,  or  bands  which  drive  them.     See  Clutch 
Coupling. 

Dish.  1.  {Vehicle.)  The  projection  outwardly 
of  the  tire  beyond  the  plane  of  the  insertion  of  the 
spokes  in  the  hub. 

This  is  not  necessary  when  the  spindle  of  the 
axle  is  cylindrical,  but  when  the  spindle  is  taper- 
ing, it  is  necessary  to  give  a  giiher  and  swing  to  the 
spmdle,  and  a  dish  ,to  the  wheel. 

The  gather  is  the  setting  forward  of  the  end  of  the 
spindle  so  that  the  wheel  may  run  freely,  not  press- 
ing inordinately  either  on  the  niU  or  the  hrjUting- 
ring. 

The  swing  is  the  setting  downward  of  the  end  of 
the  spindle  so  that  its  lower  edge  may  be  horizontal. 
The  load  resting  thus,  the  wheel  has  no  special  ten- 
dency to  slip  in  or  out  against  the  hutting-riihg  or 
the  nut. 

The  swinj  tips  the  wheel  out%vard  at  top,  leaning 
it  away  from  the  wagon,  and,  to  enable  the  bearing 
on  the  spokes,  fellies,  and  tire  to  be  vertical,  the 
wheel  is  dished ;  so  that  each  spoke  is  vertical  as  it 
comes  to  the  lower  or  working  position.  The  fellies 
being  set  square  on  the' spokes,  the  tread  of  the  wheel 
is  flat  on  the  ground. 

2.  A  flat  open  vessel  in  which  food  is  served  on 
table,  as  distinguished  from  a  plate  in  which  it  is 
served  to  guests. 

3.  A  box  having  a  capacity  of  672  cubic  inches, 
in  which  ore  is  measured. 

Dished.  {Afachinery.)  Having  a  central  de- 
pression.    Hollowed,  cup-shaped. 

Dished-out      A    terra    applied    to  the  sunk 
cradling  employed  in  vaults,  coved   ceilings,  and^ 
domes  which  are  formed  by  w^ooden  ribs  {bracketing) 
upon  which  the  lath  and  plastering  are  secured. 

Dish-heat'er.  A  warming-closet  attached  to  a 
stove  or  exposed  in  front  of  a  fire  to  heat  dishes. 

Dish-hold'er.     A  grasping-implement  for  hot 
dishes,  or  for  holding  them  while  washing  in 
very  hot  water. 

Diah'ing.     {Of  wheels.)    See  Dish. 

Diflh-rack.     A  frame  in  which  dishes  and 
platen  are  placed  to  drain  and  dry. 

Diflh-waah^er.  A  device  by  which  dishes  are 
cleaned  by  agitation,  in  some  cases  assisted  by 
brushes  or  sponges.  Among  the  numerous  varieties 
may  be  cited  the  circular  rack  rotated  in  a  tub  with 
water  sufficient  to  submerge  the  dishes  and  plates. 

Dis'in-fect'or.  An  apparatus  for  dis.seminating 
a  gas,  vapor,  or  fine  spray  for  the  purification  of  the 
air  and  the  counteraction  of  contagious  influences. 


Fig  1064. 


Dish  Washer, 

Tlie  modes  are  various  :  Atomizers  for  spraying ; 
vessels  in  which  gases  are  eliminated  by  chemical 
action  ;  vapors  generated  by  the  heat  of  lamps  be- 
neath vessels  containing  the  ingi-edients  ;  blowers 
by  which  a  medicated  atmosphei-e  is  diffused ; 
trays  in  which  the  materials  are  exposed  to  the 
ordinary  currents  of  air ;  pastiles  for  buniing ; 
odors  and  perfumes  for  disguising ;  earth  and  char- 
coal for  absorbing. 

Among  disinfectants  may  be  cited  chlorine, 
chloride  of  lime,  earbolate  of  lime,  carbolic  acid, 
chloride  of  zinc,  chloride  of  iron,  permanganate  of 
jiotash,  sulphurous  acid  fumes,  roasting  coffee. 

Dis-in'te-grat'or.  1.  A  machine  for  grinding 
or  pulverizing  bones,  guano,  etc.,  for  manure. 

2.  A  mill  in  which  grain  is  broken  into  a  fine 
dust  by  beaters  projecting  from  the  faces  of  parallel 
metallic  disks  revolving  in  contrary  directions,  as 

Fig.  1066. 
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DisinUgrtUor. 

in  the  figure.  The  grain  is  fed  In  at  the  center, 
and  in  falling  is  caught  by  the  horizontal  bars 
which  project  from  the  rapidly  rotating  disks.  The 
gi'ain  acquires  a  vortical  motion  which  by  centrif- 
ugal impulse  is  caused  to  run  the  gantlet  of  the  Wat- 
ers, which  are  in  concentric  series  and  run  in  alter- 
nate directions  and  at  high  velocity.  See  Flouk-m  ill. 
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Disk.  Que  of  thu  collars  separating  and  fasten- 
ing the  cutters  on  a  horizontal  mandrel. 

A  llat  circular  plate. 

Disk  Steam-en'gine.  A  form  of  rotary  steam- 
engine  which  was  invented  by  Ericsson  and  im- 
proved by  Bishopp  and  others. 

In  the*  Ericsson  otgine  the  disk  revolves,  and  in 
the  Bishopp  engine  the  disk  loobbles. 

Ericsson's  disk  steam-engine  {A  B,  Fig.   1666). 

FIT.  1000 


\ 


The  steam-chamber 
a  is  the  segment  of 
a    sphei*e,    and     is 
fastened  by  flanges 
to  the  head  b,     c  is 
the       engine-shaft, 
having      a      gear- 
wheel   p.     On    the 
end  of  the  shaft  is  a 
flat  cone  d,  baring 
packing    i    around 
its       circumference 
and      a      s])herical 
knob  at  its  end, 
which  works  in 
7  a  corresponding 
cup  or  socket  in 
the  center  of  the 
disk    g,    which 
has  a  packing  a- 
round  its  periph- 
jv  ery.     The    disk 
-^  g  has   strength- 
ening ribs  s  and 
an  axis  running 
in      a      conictU 
bearing?/?,  which 
Disk-Engines.  is  adjusted  by  a 

set  screw.  A 
brass  bearing  I  against  the  end  of  the  axis  forces  the 
disk  against  the  cone  rf,  the  lower  side  of  the  disk 
remaining  in  constant  contact  with  the  lower  side 
of  the  cone  throughout  the  revolution  ;  the  two  con- 
tacting objects  revolve  in  different  planes  by  the 
action  of  the  steam  on  the  sectors  e  e.  These  sectoi-s 
are  attached  to  the  cone  and  form  the  piston,  and 
the  point  of  contact  of  the  disk  and  cone  forms  the 
abutment.  The  sc^ctors  pa.ss  through  slits  in  the 
disk,  sliding  back  and  forth  ;  occupying  the  whole 
width  of  the  steam  sjwuje  at  the  upi>er  portion  of 
their  stroke,  an<l  then  i-eceding  as  tne  surfaces  of 
the  disk  and  cone  come  in  contact  at  tl«  lower 
point,  on  the  respective  sides  of  which  are  the  induc- 
tion and  eduction  steam-iwrts. 

The  steam  passes  through  the  neck  t  into  the 
spherical  chamber  through  an  opening  v  cut 
tnrough  its  side ;  this  ojiening  is  of  triangular 
shape,  and  made  as  wide  at  top  as  the  circular  plane 
is  there  distant  from  the  biise  of  the  cone,  and 
gradually  tapering  off  downwarti ;  w  is  the  opening 
through  which  tne  steam  escapes  into  the  atmos- 
phere, or  into  the  condenser,  as  the  case  may  be, 


through  the  neck  y.    The  dotted  line  x  shows  where 
the  cone  and  circular  plane  come  in  contact. 

Steam  admitted  into  the  spherical  chamber  by  the 
neck  t  and  opening  r,  and  being  there  prevented 
fix)ra  passing  tne  line  x  by  the  pressure  of  the  disk 
against  the  cone  at  that  place,  it  presses  against  the 
upper  leaf  c,  which,  together  with  the  cone  and 
disk,  is  thereby  carried  round  in  the  direction  of  the 
aiTow.  When  the  leaf  has  passed  the  upper  part  of 
the  oi^ning  ir,  the  steam  that  has  been  acting  upon 
it  escapes,  but  at  the  same  time  the  opposite  leaf  has 
passed  the  top  of  the  steam-opening  v,  and  is  car- 
ried round  in  a  similar  manner. 

The  en^ne  has  no  valves,  the  action  of  the  piston 
is  at  all  times  direct,  and  the  engine  can  be  stopped, 
started,  or  reversed  at  any  position  of  the  piston. 

Bishopp's  disk  steam-engine  (English),  (C,  Fig. 
1666).  The  piston  of  this  engine  has  the  form  of  a 
disk  b  attached  to  a  slwft  c,  which  has  a  sphere  d  on 
its  mid-length  occupying  a  8|)ace  between  two  frus- 
tums of  cones  whien  form  the  cylinder-heads.  The 
center  of  the  sphere  occupies  the  position  that  would 
form  the  point  of  meeting  to  the  aiiexes  of  the  two 
cones,  were  they  prolonged.  Tlie  disk  and  shaft  do 
not  revolve  on  their  axis,  though  the  ends  of  the 
shaft  describe  circles,  as  the  disk  woltbles  on  the 
cones,  keeping  one  radius  on  each  side  in  constant 
contact  with  them  respectively.  An  abutment  is 
formed  by  a  plate  e,  which  divides  the<ann-u.ar  &\yaice 
in  which  the  steam  ^'orks,  the  lower  portion  of  the 
disk  having  a  radial  slit  which  enables  it  to  slip 
back  and  forth  on  the  abutment-plate  e.  The  steam 
is  admitted  on  one  side  of  the  abutment  and  ex- 
hausted on  the  other,  the  live  steam  pushing  the 
disk  before  it  by  crowding  between  it  and  the  conical 
head,  and  causing  the  outer  end  of  the  arm  to  com- 
municate a  rotai-y  motion  to  awheel/,  to  which  it  is 
connected  by  a  univei-sal  joint. 

Disk-tel'e-graph.  One  in  which  the  letters 
and  figures  are  an-aiiged  around  a  circular  plate  and 
are  brought  consecutively  to  an  opening,  or  other- 
wise specifically  indicated. 

The  first  of  this  class  of  telegraphic  apparatus 
Rt^ems  to  have  been  that  of  Ronald,  England,  1816. 
At  each  end  of  the  line  he  had  clocks  beating  in 
exact  unison  ;  at  least,  such  was  the 
requirement  of  the  invention.    Each        Kg.  1667. 
clock-work  rotated  a  disk   having 
the  letters  and  numerals  on  a  cir- 
cular track,  and  these  were  exposed 
in  consecutive  order  at  an  opening  j 
in  the  dial,  the  two  ends  of  tne  line 
showing  the  same  letter  coincidently. 
The  sender  of  a  message  watched 
till  the  required  letter  came  in  view, 
then  made  an   electric  connection /- 
which  divei^ed  a  pair  of  pith  balls 
and  drew  attention  to  the  letter. 
This  was  repeated  for  each  letter, 
the  parties  waiting  till  the  requiixjd   Disk-TtlegrapA. 
letter  came  in  its  turn  to  the  open- 
ings  in  the  respective  dials.     It  was  a  slow  business, 
and  came  to  naught. 

Fig.  1667  shows  a  form  of  this  instrument  in 
which  the  armature  of  the  magnet  has  two  spring 
pieces,  which  act  upon  the  ratchet-wheel  as  the 
armature  vibrates  to  and  fro,  when  the  connection 
is  made  and  broken.  The  pieces  are  respectively  a 
clawker  and  driver,  that  is,  a  ])uIling-hook  and  a 
pushing-arm,  so  that  each  motion  of  the  armature  is 
made  effective  in  moving  the  ratchet,  and  also  the 
lettered  disk. 

Disk-VBlve.  A  valve  formed  by  a  perforated 
disk  which  has  a  rotation,  partial  an<l  reciprocatiii^ 
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Fi;.  1608.  or  complete,  upon  a  cir- 

cular seat  whose  apertures 
form  ports  for  steam  or 
other  fluid. 

Disk-wheeL  Thisdif- 
fers  from  the  usual  worm- 
wheel  in  the  mode  of 
presenting  the  spiral  to 
the  co^-wheel.  In  the 
illustration  the  spiral 
thread  on  the  face  of  the 
disk  drives  the  spur-gear. 
Disk-  WheeL  moving  it  the  distance  of 

one  tooth  at  each  revolu- 
tion.    The  shafts  are  at  right  angles  to  each  other. 

DiA-parf.  {Gunnery,)  The  difference  hetween 
the  muzzle  and  breech  thicknesses  of  a  piece  of  ord- 
nance. A  piece  of  metal  is  cast  oh  the  muzzle  to 
bring  the  line  of  sight  parallel  to  the  axis  of  the 
piece,  and  is  known  as  the  dispart-aight  or  muzzU- 
nght, 

Di»-part'-«ight.  A  gun-si^bt,  to  allow  for  the 
dispart,  and  bring  the  line  of  sight  and  the  axis  of 
the  piece  into  parallelism. 

Du-patoh'-boat.    A  name  given  to  a  swift  ves- 
sel, formerly  a  fast  sailer,  now  a  small  steamboat, 
used  in  dispatch  duty. 
Difl-patoh'-tube.    A  tube  in  which  letters  or 

Earcels  are  transported  by  a  current  of  air  induced 
y  a  plenum  or  vacuum.  See  P.n'eitmatic  Tubular 
Dispatch  ;  Atmospheric  Railway. 

DiB-i^oe'ment.  {Of  a  vessel, )  The  weight  of 
water  displaced,  which  is  equal  to  her  own  weight 
and  that  of  her  lading. 

Dis-played^  {Frinting. )  Said  of  matter  when 
lines  are  put  in  ty^ie  more  prominent  than  the  body 
letter. 

Dis-aeot'ed  Map.  An  educational  device  to 
teach  geography.  A  map  is  pasted  on  to  a  thin 
board  or  veneer,  and  thus  mounted  is  sawed  apart 
into  pieces,  following  the  national  lines  of  demar- 
cation. The  pieces  being  mixed,  ingenuity  and  study 
are  required  to  fit  them  all  together  in  order. 

Difl-aeot'ing-for'oepa.  A  pair  of  long  tweezers 
used  in  dissecting. 

Dis-seot'ing-knlfe.  The  knives  of  the  Egyp- 
tian embalmers  were  of  an  Ethiopic  stone,  probably 
flint.     Herodotus  describes  them.    A  flint  knife  was 

Fig  lACe. 


Disieeting-Knives. 

also  used  by  the  Hebrews,  Egyptians,  and  Ethiopi- 
ans in  performing  the  operation  of  circumcision.  See 
Knife. 

"  Then  Zippoi-ah  took  a  shaiT)  stone  and  cut  off 
the  foreskin  of  her  son,  and  cast  it  at  his  [Moses] 
feet."  —  Exodiis  iv.  25. 

The  dissection  of  the  human  body  for  purposes  of 
science  was  ordered  by  Ptolemy  Philadelpnus  in 
the  college  of  Alexandria.  He  even  authorized  the 
vivisection  of  criminals  condemned  to  death.  He- 
ropliilua  of  Cos  was  among  the  first  of  the  professors 


in  this  great  school  of  medicine.  The  practice  of 
dissection  was  very  repugnant  to  the  prejudices  of 
the  Egyptians,  where  to  touch  a  corpse  was  defile- 
ment, as  we  see  it  also  to  have  been  among  the  He- 
brews, who  became  habituated  to  many  of  the  Eg}^)- 
tian  modes  of  thought. 

Vesalius,  bom  at  Bi-ussals  1514,  died  15G4,  was 
among  the  most  noted  of  the  school  of  modern  anat- 
omists who  have  pursued  the  study  of  dissection. 
His  distinguished  professional  eareer  was  terminated 
by  an  unfortunate  affair,  which  tumed  out  to  be  a 
vivisection,  as  the  supposed  cadaver  proved  to  be 
living.  The  relatives  who  had  granted  the  dissec- 
tion denounced  Vesalius  to  the  Ini^uisition,  who 
would  have  burned  him  but  that  Philip  II.  8te])ped 
in  and  had  the  sentence  commuted  to  a  pilgrimage 
to  Jerusalem.     Decidedly  preferable. 

Dis-aeof  ing-mi'oro-BOope.  The  stage  of  the 
upper  figure  has  rack -adjustment  for  focus,  spiing 
clips  to  hold  object-slide,  diaphi'agm,  movable 
arm  for  carrying  the  leustis,  sei^arate  jointed  stand 

Fig.  1670. 


Dix*^ting^MirroscopeM. 

on  which  any  of  the  sets  of  lenses  can  be  placed  and 
used  for  rough  or  preliminar}'  examinations  ;  mirror 
on  joint,  three  sets  of  doublets,  of  low,  medium,  and 
high  power. 

The  lower  figure  is  of  a  binocular  microscope  of 
moderate  power,  for  anatomical  and  liotanical  inves- 
tigations. It  is  made  to  close  up  in  a  box  the  top 
and  front  of  which  contain  loops  to  hold  the  knives, 
scissors,  tweezers,  needles,  etc.  Beneath  the  eye- 
glass is  a  gutta-percha  stage  and  a  circle  of  glass 
illumin§ted  by  a  mirror  below. 

Dia-solv'iiig-vie\itr8.  Pro<luccd  by  the  magic- 
lantern  or  the  stereopticon. 

Two  magic-lanterns  are  placed  side  by  side,  their 
lens-tubes  slightly  convergent,  so  that  each  will  de- 
liver its  picture  upon  the  same  portion  of  the  screen. 
A  ta))ering  plate  slides  in  front  of  both  tubes,  and  is 
so  arranged  that  it  may  shut  off  the  aperture  of 
either  or  allow  a  portion  of  the  image  from  each  to 
pass  to  the  screen. 

One   being  closed,  the  other  is  fully  displayed. 
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Now,  by  moving  the  shutter,  the  image  from  the 
exhibited  picture  is  gradually  dimmed  and  that  of 
the  other  as  gradually  develops.  "When  the  shutter 
is  midway,  the  pictures  are  equally  prominent  and 
are  therefore  confused.  The  shutter  continuing  to 
move,  the  new  picture  commences  to  predominate, 
and  eventually  occupies  the  screen  entirely,  the  other 
image  being  excluded,  A  change  of  pictures  now  being 
made  in  the  darkened  lantern,  it  is  ready  for  the  re- 
turn motion  of  the  shutter,  which  makes  a  similar 
change  to  that  just  described.  The  name  is  well 
given,  as  £he  pictures  gi-adually  dissolve  into  each 
other,  there  being  no  sudden  removal,  change,  or 
substitution. 

pis'tafEl  A  cleft  stick  about  3  feet  long,  on 
which  wool  or  carded  cotton  was  wound  in  the 
ancient  mode  of  spinning.  The  distatt*  was  held 
under  the  left  arm,  and  the  filxirs  of  cotton  drawn 
from  it  were  twisted  spirally  by  the  forefinger  and 
thumb  of  the  right  hand.  The  thread  as  it  was 
spun  was  wound  on  a  reel  which  was  sua^)ended 
from  and  revolved  with  the  thread  during  spmning. 

**A  virtuous  woman  layeth  her  hands  to  the 
spindle,  and  her  hands  hold  the  distaff."— Sol- 
omon. 

The  figures  in  group  a,  annexed,  show  a  party  of 


ing  is  used  as  the  basis  of  the  colors,  the  liquid  me- 
dium  being  size ;  it  is  much  used  for  ceilings  and 
walls.     See  Destempeu. 

Dia'til-la'tion.  The  volatilization  of  a  liquid  and 
condensation  in  a  separate  ves.sel. 

Zosimus,  the  Pano^iolitau,  described  the  operation 
for  the  purification  of  water,  and  the  Arabs  called 
the  instrument  an  alembic.  Djafar,  eighth  century, 
obtained  nitric  acid  and  aqua  regia,  and  Rhazes 
absolute  alcohol  and  sulphunc  acid.  See  Alembic  ; 
Still. 

Dia-trib'ut-ing.  {Printing.)  The  operation  of 
returning  from  the  column  to  the  case  the  letters, 
etc.,  which  made  up  the  matter. 

The  compositor  wets  a  page  or  part  of  a  column  of 
matter,  and  takes  up  a  number  of  lines  on  his  dis- 
tributing-rule. The  wetting  causes  the  types  to  ad- 
here slightly  together.  He  takes  a  few  words  between 
his  linger  and  tnumb,  and,  reading  the  purport,  by 
a  dexterous  slackening  of  his  grip,  so  as  to  loosen 
the  type  seriatim,  he  throws  the  several  letters  into 
their  various  boxes.  DistribiUion  is  said^to  be  four 
times  faster  than  composition.  See  Type-distrib- 
urrNo  Machine. 

DiB-trib'ut-ing-res'er-voir.    A  small  reservoir 
for  a  given  district,  capable  of  containing  a  volume 
of  water  equal  to  the  whole  excess  of  the  de- 
mand for  water  during  those  hours  of  the  day 
when  such  demand  exceeds  the  avei-age  rate, 
above  a  supply  during  the  same  time  at  the 
average  rate.     The  greatest  hourly  demand  for 
water  is  about  douole  the  average  hourly  de- 
mand.    The  least  that  a  distributing-reservoir 
should  hold  is  half  the  daily  demand. 
Dis-trib'ut-ing-roU'er.   {PHnting.)  A  roll- 
Fig.  1672. 


Distq^f^  Ladies  at  Work. 

ladies  of  the  Middle  Ages,  engaged  in  the  duties  of 
ladies  of  rank  at  that  tune.  **  The  mistress,  as  with 
the  lady  in  Proverbs,  layeth  her  hands  to  the 
spindle,  and  her  hands  hold  the  distaff."  She  is 
represented  as  cutting  up  a  piece  of  cloth  to  make 
into  garments  while  two  of  her  maidens  are  at  work 
with  their  distiffs. 

The  figure  b  is  the  more  modem  Italian. 

The  distaff  an«l  spindle  are  referred  to  repeatedly 
in  the  Old  Testament,  and  were  the  only  known 
means  of  spinning  in  Egypt,  Phcenicia,'  Arabia, 
India,  Greece,  and  Rome.  Distaff  spinning  and 
weaving  are  shown  at  Beni  Hassan,  in  Egypt.  The 
Greeks  represented  Minerva  with  a  distaff  as  being 
the  inventress  of  spinning. 

Catullus  describes  it  clearly  :  — 

"  The  loaded  dlntaff  In  the  left  hand  placed, 
THth  BDongy  colli  of  snow-white  wool  was  gmced ; 
From  thefie  the  right  hand  lengthening  flbem  drew. 
Which  into  thread  'neath  nimble  Angers  grew. 
At  Interrals  a  gentle  touch  was  given. 
By  which  the  twirling  whorl  was  onward  driren. 
Then,  when  the  rinklng  spindle  reached  the  ground. 
The  npcent  throorl  around  its  spire  was  wound ; 
Until  the  clasp  within  its  nipping  cleft 
Held  &9t  the  newly  finished  length  of  weft.** 

Dis-tem'per.  A  kind  of  painting  in  which  whit- 


DiitrifnUmg'RoUtr  and  Inking-  ThbU. 


er  on  the  edge 
of  an  inking- 
table  for  dis- 
tributing ink 
to'  the  print- 
ing-roller. At 
the  side  of  the 
table  is  an  ink - 
trough  which  is  pressed  up  against  the  distributing- 
roller  by  balance-weights.  The  distributing-roller 
presents  a  line  of  ink  to  the  printing-roller,  which  is 
then  run  back  and  forth  on  the  table  to  spread  the 
supply  of  ink  evenly  around  it. 

Ttie  arrangement  was  invented  by  Professor  Cow- 
])er,  and  is  described  in  his  English  patent  of 
1818. 

The  distributing-roller  in  printing-machines  car- 
ries ink  'from  the  ductor-roller  to  the  inking-roller. 
To  secure  an  even  distribution,  it  is  found  necessary 
to  give  an  endwise  motion  to  the  roller. 

This  is  secured  in  one  of  two  ways. 

Professor  Cowper's  plan  was  to  give  a  longitndinal 
motion  to  the  axis  (English  patent,  1818). 

Applegarth's  method  was  to  place  the  axis  of  the 
distributing-roller  obliquely  to  the  surface  against 
which  it  moved.    It  thus  had  a  relative  endwise  mo- 


Digitized  by 


Google 


DISTRIBUTINO-RULE. 


711 


DITCHING-PLOW. 


tion,  which  distributed  the  ink  along  as  well  as  around 
the  rollers  involved  in  the  combination. 

Dis-trib'at-ing-mle.  {Printhi^.)  A  rule  used 
in  separating;  the  lines  of  tv(>e  in  distribution. 

Dis-trib'ut-ing-ta'ble.  {Printing.)  The  slab 
on  which  the  ink  is  spread  and  transferred  to  the 
rollers. 

Dis'trl-bn'tioii.  The  anplication  of  steam  in  the 
engine  in  resp^-ct  to  its  inauction,  eduction,  expan- 
sive working,  etc. 

Ditch.  1.  (Fortification.)  A  trench  or /ossc  on 
the  outside  of  a  fortihcation  or  earthwork,  serving 
as  an  obstacle  to  the  assailant  and  furnishing  eartn 
(deblffi)  for  the  parapet  (remblai).  It  is  from  90  to 
160  feet  broad,  m"  regular  fortifications,  much  nar- 
rower in  mere  earthworks  or  entrenche4l  j>o8itions. 
The  side  of  the  ditch  nearest  the  nlace  is  the  scarp  or 
escarpf  and  the  opposite  side,  tne  counterscarp j  is 
nsnally  made  circular  opposite  to  the  salient  angles 
of  the  works.     See  Bastion. 

Under  the  ancient  system  of    fortification,  the 
ditch  was  frequently  dug  on  the  inside,  thus  antici- 
pating by  some  thoiLsands  of  years  the  improvement 
of  Pillow,  during  the  Mexican  war,  — 
**  He  who  dug  Ibr  Polk  aod  Marcj 
Ditch  and  rampart  Ti-«e  rar-flj.** 

The  object  of  the  savages  is  evident.     It  was  to 
obtain  shelter  for  the  bodies  of  the  archers  with  the 
least  amount  of  labor ;   and  by  this  system   they 
most  readily  obtained  the  required  shel- 
ter, having  the  benefit  of  the  ditch  and 
the  bank.   The  Maudan  Indians  adopted 
this  plan.     The  system  is  seen  in  the 
mo<lern  rifle-pit. 

The  ff)89a  around  a  Roman  encamp- 
ment was  usually  9  feet  broad  and  7 
feet  deep  ;  but  if  an  attack  was  appre- 
hended, it  was  made  13  feet  wide  and 
12  feet  deep.  The  agtjert  or  parapfet,  of 
the  encampment  was  raised  from  the 
earth  of  the  fossa,  and  was  crowned  with  / 
a  row  of  sharp  stakes.     Valli.  fl 

The  ditch  outside  the  rampart  on  the    ! 
western  side  of  Rome  was  100  feet  wide, 
80  deep.    The  work  was  constnicted  by 
Servius  Tullius. 

2.    An    artificial    water -course    for 
drainage. 

By  the  laws  of  Solon  (594  B.  c. ),  no 
one  was  alloi^ed  to  dig  a  ditch  but  at  the  same  dis- 
tance from  his  neighbor's  land  that  the  ditch  was  deep. 
This  was  the  same  in  the  Roman  laws  of  the  twelve 
tables.  The  Grecian  law  compelled  one  who  planted 
common  trees  to  place  them  no  nearer  than  9  feet 
from  his  boundary  ;  olives,  10  feet.  The  law  of  the 
twelve  tables  made  it,  olives  and  figs  9  feet,  other 
trees  5  feet 

The  agricultural  ditches  of  the  Romans 
wei-e  open  (fossa  jnUentes)  or  closed  {fossa 
coxa)  ;  the  latter  usually  3  feet  broad 
at  top,  18  inches  at  bottom.  The  lower 
portion  was  filled  with  stone  or  gravel, 
a  layer  of  pine  leaves  or  willows,  and  then 
the  earth  replaced.  Sometimes  a  large 
rope  of  withes  or  a  bundle  of  poles  was 
placed  in  the  bottom. 

Ditoh'ing-ma-ohine^.  One  adapted 
to  excavate  a  deep  ti*ench  and  deposit  the 
earth  at  the  side  of  the  same.  In  this 
sense  a  plow  may  be  a  ditching- machine,  \ 
is  often  so  used  in  running  shallow  ditch 
face-draining,  but  it  will  only  make  it  sin 
depth.  There  are  many  mo<lifications  ol 
for  attaining  extra  depth. 


In  Fig.  1678,  the  earth  is  raised  by  a  double- 
pointed,  concave-topped  plow,  und  the  earth  is  com- 
pacted upon  it  by  an  adjustnlilc  roller.  The  t»arth  is 
carried  upward  and  backward  by  an  endless  conveyer. 

ilg  1674. 


Rotary  Ditcher. 

Of  a  different  type  is  the  rotary  ditching-machine, 
in  which  the  earth  is  taken  up  in  circumfei-ential 
recess  between  the  sectional  rim-nlates  of  the  wheel, 
being  bound  therein  by  the  radial  spades  which  are 
projected  to  engage  and  retracted  to  free  the  earth 
oy  fixed  cams  ujHin  the  frame.  The  inclined  scraper 
removes  the  earth  from  the  recess,  and  dejwsits  it 


A^ffc/irnK^- 
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for  lifting  the  earth  and  depasiting  it  at  the  side  or 
sides  of  the  excavation.  In  Fig.  1675,  the  forward 
carriage  straddles  the  ditch,  and  the  rear  support- 
ing-wheel runs  in  the  ditch  behind  the  cutting  and 
elevating  mechanism.  Tlie  shai-e  is  sup^wrted  by 
colters,  which  cut  the  sides  of  the  ditch,  and 
deliver  the  furrow-slice  to  the  guides  upon  which  it 
rises,  and  to  the  niold-boai-ds  which  deliver  it  on  the 
side  of  the  ditch.  Adjustments  for  varying  depths 
are  recited  in  tlw  claims. 

Ditch'ing-tools.  Spcides  of  various  shapes  for 
different  forms  and  depths  of  ditches.  Scoop-shaped 
for  clearing  out  the  bottoms  ;  paring-spades  for  re- 
moving the  turf.  Level  and  reel-line  for  laying  out 
the  work.  Plows,  ditching-machines,  and  I'xcavators 
for  reducing  the  amount  of  hand-work. 

Di-ver'sion-cut.  A  channel  to  divert  past  a 
i-eservoir  a  stn^am  of  impure  or  turbid  water  which 
would  otherwise  flow  into  the  reservoir.  A  by-wash. 

Di-vid'ed  Azle.  Oue  bisected  at  its  mid- 
length.  Ill  some  instances  the  parts  are  coupled 
together,  in  others  they  an?  indei)cndent.     See  C.\ii- 

AXLB. 

Di-vid'ed    Ob'jeot  -  glasB     Mi-crom'e-ter. 

Another  name  for  the  doublc-imfufe  nucromet(»r. 
The  object-glass  of  the  telescope  or  mici-oscope  is 
bisected  diametrically,  the  straight  edges  being 
ground  smooth  so  that  they  may  easily  slide  by 
each  other.  The  halves  of  the  bisectt'd  lens  are 
movable  in  a  direction  perpendicular  to  the  line 
of  section  by  means  of  a  screw  ;  the  distances  being 
determined  by  the  number  of  revolutions  necessary 
to  bring  the  points  to  l)e  measured  into  optical  coin- 
cidence. 

Di-vid'er.  {Husbandry.)  The  prow  or  wedge- 
fornuMl  jiiece  on  a  reaping-machine,  which  divides 
the  grain  to  Ite  cut  from  the  standing  grain. 

Di-vid'en.  A  form  of  compass«»s,  usually  with 
an  adjusting  and  retaining  arrangement.     Its  name 


Fig.  1678. 


Dividers, 

is  derived  Trom  its  specific  use  in  dividing  lines  into 
any  given  numlwr  of  equal  parts.  The  legs  are 
dnven  apart  by  a  spring  as  the  nut  is  retracted  on 
the  sci-ew,  and  closed  by  contrary,  motion  of  the 
said  nut ;  the  fine  thread'  of  the  screw  admitting  of 
a  very  delicate  adjustment. 

a,  dividing  compass. 

i,  dividers  with  an;. 

c,  steel  spacing-dividers. 

d,  steel  spacing-tlividers  with  pen-leg. 
c,  bow-dividers. 

/,  spring-bow  dividers,  with  handle. 

</,  bisecting-dividers. 

Di-vid'ing-en'gine.  A  machine  for  dividing  a 
circle  into  a  number  of  parts  of  equal  proportions, 
either  for  the  purpose  of  graduation,  as  the  circles 
and  arcs  of  astronomiail,  surveying,  and  plotting 
instruments,  or  for  spacing  off  and  cutting  the  cir- 
cumference of  a  wheel  into  teeth. 

The  first  notice  we  find  is  in  connection  with  a 
mode  of  originating  screws  by  Pappus  Alexandrinus, 


a  Greek  mathematician  of  the  fourth  century.  His 
process  was  by  a  thin  templet  of  brass  of  the  form 
of  a  right-angled  triangle,  the  angles  of  which  were 
made  in  accordance  with  the  pitcn  of  the  proposed 
screw.  The  perpendicular  being  wrapped  around 
the  rod  at  right  angles  to  the  axis,  the  hypoteneuse 
gave  the  spiral  of  the  screw,  and  the  base  the  pitch. 

The  subject  of  originating  screws,  which  is  closely 
connected  with  the  dividing-engine,  may  be  pnrsued 
in  Holtzapffel  (Vol.  II.  pp.  685-665>. 

The  methods  of  graduating  instruments  receivetl 
much  attention  from  Tompion  (1660),  Sharp 
(1689),  the  Sissons,  and  Binl  (1745),  the  latter  re- 
ceiving  £  500  from  the  Board  of  Longitude  fur  his 
method  of  dividing.  Hindley,  in  1740,  constnicted 
an  engine  for  dividing  circles,  which  also  servtd 
to  cut  clock -wheels. 

Ramsden,  in  1766,  contrived  his  dividing-engine, 
and  in  1777  received  a  i-ewanl  of  £615  from  the 
Board  of  Longitude.  Following  Kamsden  wei-e  the 
Troughtoiis,  father  and  son,  the  latter  of  whom  re- 
ceived the  Copley  medal  of  the  Royal  Society  of 
England  for  his  improved  method  of  graduation. 

Ramsden's  circular  dividing-engine  consisted  of  a 
large  wheel  moved  by  a  tangent  .screw.  The  wheel 
was  46  inches  in  diameter,  and  had  2,160  teeth,  so 
that  six  turns  of  the  tangent-scivw  moved  the  circle 
one  degree.  The  screw  had  a  micrometer  and  alho  a 
ratchet-wheel  of  sixty  teeth,  therefore  one  tooth 
eoualed  one  sixth  of  a  minute  of  n  degree.  The 
diamond  ]»oint  always  moved  on  one  fixed  radial 
line,  by  means  of  a  swing-frame.  The  circum- 
ference of  the  45-inch  circle  was  originally  divided 
into  five  parts,  each  of  these  into  three  ;  these  were 
then  bisected  four  times,  dividing  the  wheel  into 
240  parts,  each  of  which  was  designed  to  contain 
nine  teeth. 

The  first  application  of  the  tangent-screw  and 
ratchet  to  the  pui-pose  of  graduation  is  stated  by 
Holtzapffel    to 

have     been      by  Kg-  1677. 

Pierre  Fardoil. 
See  plate  23  of 
Thiout's  "Traits 
d'Horlogerie," 
etc.,  Paris,  1741. 

Fig.  1677  illus- 
trates Rams<len's 
application  of  the 
pnnciple  of  the  ( 
engine  just  de- 
scribed in  origi- 
nating the  screw 
of  his  dividing- 
engine  for  straight 
lines.  The  guide-screw  G  is  turned  by  the  winch, 
and  in  each  revolution  moves  the  larger  tangent- 
wheel  one  tooth,  winding  on  to  the  l)oss  ji  a  slip  of 
watch-spring  which  carried  the  slide  on  which  the 
tool  t  was  fixed,  thus  cutting  the  screw  C,  which 
was  at  the  .same  time  rotated  by  the  gearing  c  g  from 
the  prime  shaft.  The  object  was  to  cut  a  certain 
number  of  threads  to  the  inch,  and  this  was  ob- 
tained by  a  tentative  process  by  gradually  reducing 
the  diameter  of  ;>  until  600  turns  of  the  handle  gave 
a  motion  of  5  inches  to  the  tool-slide. 

In  the  application  of  the  screw  to  the  graduation 
of  mathematical  scales,  it  is  employe*!  to  move  a 
platfonn  which  slides  freely  and  carries  the  scale  to 
tx!  graduated,  the  swing-frame  for  the  diamond- 
point  being  attached  to  some  fixed  jmrt  of  the 
framing  of  the  machine. 

Donkin  followed  up  the  matter  in  1823  in  de- 
vising con-ectional  methods  for  Maudslay's  devices. 


Ramsden'' s  SeretO' Cutting  Apparatus. 
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to  which  we  cannot  devote  room.  See  Holtzap- 
ffel,  pp.  651-655. 

In  1843,  Mr.  Sims  applied  self-acting  apparatus  to 
TroQghton's  circular  dividing-engine,  and  an  instru- 
ment of  their  manufacture  may  Kb  seen  at  the  Coast 
Survey  building,  Capitol  Hill,  Washington.  It  has 
been  somewhat  modified  by  Mr.  Wiirdemann,  of 
Washington,  and  is  now  driven  by  a  small  turbine 
in  the  stand.     See  Graduatino-machine. 

Dl-vid'ing-Bink'er.  {KniUing-machvic.)  One 
of  the  pieces  interposed  between  jack-siiikerSf  which, 
being  advanced  while  the  latter  are  retracted,  force 
the  yarn  between  the  needles  of  each  pair,  so  that 
by  the  joint  action  of  the  jack-sinkers  and  the  divid- 
ing-sinixrs  the  yam  is  looped  on  each  of  the  needles. 

Div'ing-belL  An  apparatus,  having  some  anal- 
ogy in  shape  to  a  bell,  in  which  persons  may  descend 
and  remain  for  a  while  in  safety  beneath  the  surface 
of  the  water. 

The  analogue,  in  the  natural  world,  of  the  diving- 
bell,  is  found  in  the  contrivance  of  the  diving-spider, 
whose  submerged  habitation  has  been  described  by 
De  Geer.  These  spiders  spin  in  the  water  a  cell  of 
strong,  closely  woven  white  silk,  in  the  form  of  a 
diving-bell  or  half  a  pigeon's  eg^.  This  is  some- 
times quite  snbmergeo,  at  others  partly  above  the 
water,  and  is  always  attached  to  some  objects  near 
it  by  a  niunber  of  irregular  threads.  It  is  closed  all 
round,  but  has  a  lar^  opening  below,  which  is 
closed  when  the  insect  is  hibernating. 

The  diving-bell  is  said  to  have  been  used  in 
Phcenicia  320  b.  o.  This  was  about  twelve  years 
after  the  capture  of  insular  Tyre  by  Ale.xander,  and 
perhaps  was  used  in  the  recovery  of  valuables  thrown 
into  tlie  sea  to  prevent  capture  by  "young  Ammon.'* 

Aristotle  (350  B.  c.)  speaks  of  n  kind  of  kettle  by 
which  divers  couhl  supply  theianelves  with  fresh  air 
imder  water.  It  is  related  by  Jerome  that  Alexan- 
der the  Great  entei-ed  into  a  ve-ssd,  calletl  a  cofym- 
phcL,  having  a  glass  window  to  it,  and  in  which  ho 
desctended  to  the  bottom  of  the  ocean. 

The  application  of  the  diving-bell  in  Europe  is 
noticed  by  John  Tasnier,  who  attended  Charles  V. 
in  a  voyage  to  Africa.  He  relates  tliat  he  saw  "  at 
Toledo,  in  Spain,  in  the  yoir  1538,  in  the  presence 
of  the  emperor  and  several  thousand  spectators,  two 
Greeks  let  themselves  tlown  under  water  in  a  large, 
inverted  kettle,  with  a  light  burning,  and  rise  up 
again  without  being  wet. 

After  this  period,  the  use  of  the  diving-bell  be- 
came generalljT  known,  and  is  noticed  in  the 
**  Novum  Organum  '*  of  Sir  Francis  Baron,  pub- 
lished 1620 ;  in  which  the  device  is  referred  to  as 
being  in  use  in  his  time.  It  is  descril)ed  as  a  ma- 
chine used  to  assist  persons  laboring  under  water 
upon  wrecks,  by  affording  a  reservoir  of  air  to  which 
they  may  re-sort  whenever  they  re  piire  to  take 
breath.  '*  A  hollow  metallic  vo,ssel  was  let  down 
evenly  to  the  surface  of  the  water  and  carried  down 
the  air  it  contained.  It  stood  VL\iovL  three  feet  like  a 
tripod,  which  were  in  length  somewhat  less  than  the 
hight  of  a  man,  so  that  the  diver,  wlien  he  was  no 
longer  able  to  contain  his  breath,  could  put  his  head 
into  the  vessel,  and,  having  breathed,  i-eturn  again 
to  his  work." 

The  next  use  of  the  bell  was  in  1642,  in  America, 
when  IMall  of  Boston  used  submei^ed  weighted 
"tubs,"  in  which  he  descended  to  the  "Mary 
Rose,"  which  had  sunk  the  ]>revious  year.  The 
lifting-arrangements  were  completed  by  means  of  the 
diving-bell,  and  the  loaded  vessel  transported  to 
shoal  water  and  recovered. 

In  the  year  1687,  the  sum  of  £,  300,000  was  re- 
covered by  a  diving-bell,  at  a  depth  of  7  fathoms. 


from'a  Spanish  ship  which  had  been  wrecked  near 
the  Bermudas.  The  bell  was  the  invention  of  Wil- 
liam Phipp,  an  American  of  Pemaquid,  in  that  part 
of  the  Colony  now  known  as  the  State  of  Mame. 
Phipps  was  brought  up  as  a  ship-carpenter  in 
Boston,  and  made  many  unsuccessful  attempts  to 
interest  parties  in  the  work.  When  he  succeeded, 
James  li.  was  urged  to  confiscate  the  £  16,000  which 
C4ime  to  the  share  of  William  Phipps  ;  for  once  in 
his  life  the  king  refuscnl  to  do  a  mean  thing.  Phipps 
was  afterwards  made  high -sheriff  of  the  Colony,  was 
knighted,  and  subsequently  was  governor. 

The  English  i»atent  of  John  Williams,  1692,  is  for 
an  "engine  for  canning  four  men  16  fathoms  or 
more  under  water  in  the  sea,  whereby  they  may 
work  twelve  hours  together  without  any  danger. 
It  is  stated  to  be  useful  in  raising  sunken  ve.ssels.  It 
had  a  submerged  chamber,  communicating  with  the 
surface  by  a  rigid  tube,  up  and  down  which  persons 
might  pass.  Projecting  sleeves  and  hooks  aflbrded 
means  for  directing  grapnels  to  sunken  property. 

Beckmann  mentions  a  print  in  Vegetius  on 
War,  published  in  1511  and  1532,  representing  a 
diver  with  his  cap,  from  which  rises  a  long  leather 
pipe  provided  with  an  opening  above  the  surface  of 
the  water.  Lorini  on  Fortification,  1607,  shows 
a  square  box,  bound  with  iron,  fuiiiished  with  win- 
dows and  a  seat  for  the  diver.  Kessler  in  1617, 
Witsen  in  1671,  and  Borelli  in  1679,  gave  attention 
to  the  subject  and  contributed  to  the  efficiency  of 
the  apparatus. 

A  diving-bell  comjiany  was  formed  in  England  in 
1688,  and  the  o))erators  made  some  successful 
descents  on  the  coast  of  Ilisiianiola.  In  1664,  can- 
non were  recovered  from  wi-ecks  of  the  Spanish 
Armada  by  the  Lain!  of  Melgim,  near  the  Isle  of 
Man,  but  not  sufficient  to  pay.  Previous  unsuc- 
cessful attempts  had  been  made  by  Colquhoun,  of 
Glasgow,  who  depended  for  air  upon  a  leathern  tube 
reaching  above  the  surface  of  the  water.  Dr.  Halley, 
in  1715,  improved  the  diving-bell  by  a  contrivance 
for  supplying  it  with  fresh  air  by  means  of  barrels 
lowered  from  the  vessel,  from  which  the  bell  was 
suspended,  the  foul  air  escaping  by  a  cock.  This 
also  allowed  the  bell  to  be  completely  filled  with  air, 
rendering  the  whole  of  its  interior  space  available. 
Halley  dso  inventetl  a  waterproof  cap  to  which 
pipes  leading  to  the  bell  were  attached,  so  that  an 
operator  coiiTd  leave  the  bell  and  walk  on  the  bottom 
outside,  being  supplied  with  air  by  the  jiipe.  This 
resembled  in  some  respects  the  modem  submarine 
armor,  helmet,  and  diving-dress,  which  had  been  in 
occasional  use  since  eai-ly  in  the  sixteenth  century 
{%U  suprti).  Spalding,  in  1 774,  made  farther  improve- 
ments by  suspending  a  balance- weight  from  the  bell 
that  on  striking  bottom  took  off  the  weight  of  the 
bell,  which  with  its  included  air,  being  too  light  to 
sink,  was  more  readily  raised  or  lowered  by  the  ad- 
mission of  air  or  water  into  an  upper  c^niimrtinent, 
placing  it  completely  under  the  control  of  those 
within  it.  For  this  tne  British  Government  decreed 
him  a  reward.  The  celebrated  engineer  Snieaton, 
about  the  year  1779,  first  used  it  for  engineering 

Surposes,  and  in  1788,  having  to  prepare  the  foun- 
ation  for  the  pier  in  Kamsgate  Harbor,  he  contrived 
a  bell  by  which  the  work  was  veiy  greatly  facili- 
tated. This  consisted  of  a  nearly  conical  box  of 
cast-iron,  of  great  weight  and  solidity,  capable  of 
containing  50  cubic  feet  of  air,  or  sufficient  for  two 
persons  one  hour ;  this  was  constantly  chai*ged  by 
means  of  a  pipe  leading  to  a  force-pump  above.  The 
diving-bell  has  been  subsequently  applied  with  great 
success  to  many  important  submanne  engineering 
operations,  and  for  the  purpose  of  recovering  valu- 
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ables  from  shipwrecked  vessels,  etc.,  but  of  late 
years  seems  to  be  nearly  superseded  by  the  recent 
im])rovetn6nts  in  submarine  armor.  The  principle 
of  the  diving-bell  may  be  illustrated  by  taking  a 
tumbler,  inverting  it,  and  pressing  it  down  into  a 
vessel  of  water,  wlieii  it  will  be  seen  that,  although 
the  water  will  rise  in  the  tumbler  to  an  extent  pro- 
portioned to  its  degree  of  immersion,  yet  the  upper 
part  of  the  tumbler  will  remain  perfectly  dry,  and 
if  a  lighted  taper  be  placed  within,  it  will  not  be 
extinguished,  but  will,  on  the  contrary,  burn  with 
even  increased  energy,  owing  to  the  condensation  of 
the  air  bv  pressure.  Mr.  Brunei  found  that  at  the 
depth  of  30  feet  he  could  hold  his  breath  two 
mmutes,  or  double  the  usual  time,  the  amount  of 
air  taken  into  the  lungs  at  one  inspiration  being  in 
fact  double  what  it  would  have  been  at  the  surface. 

Dr.  Faraday  relates  the  curious  fact,  that  the 
lungs  are,  in  their  natural  state,  charged  with  a 
large  quantity  of  impure  air ;  this  being  a  portion 
of  the  carbonic-acid  gas  which  is  formed  during 
respiration,  but  which,  after  such  expiration,  re- 
mains lodged  in  the  involved  passages  of  the  pul- 
monary vessels.  By  breathing  hard  for  a  snort 
time,  as  a  person  cioes  after  violent  exercise,  this 
impure  air  is  expelled,  and  its  place  is  supplied  by 
pure  atmosphenc  air,  by  wliich  a  person  will  lie 
enabled  to  hold  his  breath  much  longer  than  with- 
out such  precaution.  Dr.  Faraday  states  that, 
although  he  could  only  hold  his  breath,  after  breath- 
ing in  the  ordinary  wa}',  for  about  three  quarters  of 
a  minute,  and  that  with  great  difficulty,  he  felt  no 
inconvenience,  after  making  eight  or  ten  forced  i-es- 
pirations  to  clear  the  lungs,  until  the  mouth  and 
nostrils  had  been  closed  more  than  a  minute  and  a 
half ;  and  that  he  continued  to  hold  breath  to  the 
end  of  the  second  minute.  A  knowledge  of  this 
fact  may  enable  a  diver  to  remain  under  water  at 
least  twice  as  long  as  he  otherwise  could  do. 

The  experience  of  a  French  diver,  who  descended 
for  the  puri>ose  of  examining  the  wreck  of  a  steamer 
sunk  on  Ushant  in  1865,  is  interesting.  He  found 
that  at  the  depth  of  195  feet  the  general  pressure  over 
the  whole  body  was  so  great  that  the  bladder  was 
involuntarily  emptied.  At  this  depth  he  rested  on 
the  sands  in  which  his  feet  sunk.  He  detaches  one 
end  of  the  guide-cord  ;  he  can  distinguish  this  cord, 
the  weights,  and  his  hands,  and  he  advances  a  few 
steps.  He  has  great  difficulty  in  withdrawing  his 
feet  from  the  sands,  to  which  he  feels  rooted.  All 
at  once  his  si^ht  is  obscured,  his  head  turns  ;  he  i*e- 
turns  instinctively  to  the  ladder,  and  asks  to  be  raised. 
He  begins  to  ascend  as  well  as  his  strength  will 
allow,  feels  himself  impeded  by  his  guide-cord,  which 
he  cuts,  and  then  rises  alone  very  rapidly,  having 
lost  his  senses.  A  violent  shock  brings  him  to  ; 
he  recognizes  the  side  of  the  ship  from  wliich  he  had 
descended,  against  which  his  mask  has  struck,  and 
regains  his  courage.  He  waves  his  hand  above  the 
simace  of  the  water,  and  feels  himself  sinking.  His 
mask  having  got  displace<l,  the  collar  almost  chokes 
him.  He  feels  himself  grasped  by  the  arms,  and 
grasps  a  rope  which  his  hand  happened  to  touch. 
He  again  loses  coasciousnass  for  a  moment  in  the 
ship's  boat,  and  asks  to  be  raised  on  deck  as  soon  as 
his  mask  shall  be  unscrewed.  He  suffers  much  from 
his  right  hand,  and  breathes  with  difficulty  ;  bis  ex- 
tremities are  cold  and  neck  painful.  Twice  he  nearly 
faints  and  ceases  to  breathe.  His  sight  appears 
troubled,  everything  turns  round  with  him,  and  his 
fBLze  has  no  steadiness.  This,  as  the  idiom  shows, 
18  the  French  account,  and  is  preferably  given  with- 
out impairing  its  graphic  character.  The  conclusion 
arrived  at  on  this  occasion  was,  that  it  was  imprac- 


ticable to  work  for  any  length  of  time  at  a  depth 
exceeding  130  feet. 

In  1869,  however,  the  ship  "Hamilla  Mitchell" 
was  lost  on  the  Lcuconia  rocks,  near  Shanghai ;  and 
two  English  divers,  provided  with  the  apparatus  of 
Siebe  and  Goiman,  were  subsequently  sent  from 
Liverpool  to  attomirt  the  rescue  of  the  treasure  on 
board.  One  of  these  succeeded  in  remaining  four 
consecutive  hours  under  water  at  the  depth  of  23 
fathoms  upon  one  occasion,  during  which  ne  recov- 
ered 64  boxes  of  specie. 

The  engraving  on  the  opposite  page  illustrates 
submarine  operations  at  the  anchorage  off  Gibraltar, 
as  conducted  with  the  diving-bell  in  conjunction 
with  divers  arrayed  in  the  apparatus  of  Ronqua}Tal 
and  Denayrouze.  In  this,  whether  the  man  be  naked 
or  covered  "with  impervious  clothing,  his  respiration 
may  be  made  to  dejiend  on  the  exercise  of  his  own 
will  and  ther  power  of  his  lungs,  or  the  air-supply 
reservoir  may  be  supplied  by  air-pumps  above,  as 
shown  in  the  figure.  The  artificial  lung  or  air-sup- 
ply regulator  consists  of  a  strong  metalRc  reservoir, 
preferably  steel,  capable  of  resisting  great  pressure, 
and  surmounted  by  a  chamber  so  constructed  as  to 
regulate  the  efilux  of  air.  This  is  carried  on  the  div- 
er's back.  A  respiratory  tube  issues  from  the  cham- 
ber, and  is  terminated  by  a  mouthpiece  of  sheet  caout- 
chouc, which  is  held  between  the  lips  and  teeth 
of  the  diver.  This  pipe  is  furnished  with  a  valve, 
which  pennits  the  expulsion  of  air.  but  opposes  the 
entrance  of  water.  The  steel  reservoir  is  separated 
from  the  air-chamber  by  a  conical  valve  opening 
from  the  air-chamber  toward  the  reservoir,  so  as  to 
open  only  under  the  influence  of  an  exterior  pres- 
sure, the  tendency  of  the  pressure  of  the  air  in  the 
reservoir  being  to  keep  it  closed. 

This  apparatus  dispenses  with  the  necessity  for 
keeping  the  air-pump  in  continual  operation.  The 
air  which  the  div»r  inhales  is  stored  up  in  the  steel 
reservoir,  and  from  this  he  supplies  himself  without 
fatigue  in  the  following  manner.  The  air-chamber 
is  closed  by  a  movable  lid,  to  which  is  attached  the 
stem  of  the  valve  before  referred  to.  The  diameter 
of  the  lid  is  somewhat  less  than  the  interior  diame- 
ter of  the  chamber,  and  it  is  covered  with  caoutchouc, 
to  render  it  air-tight.  It  yields  to  both  interior  and 
exterior  pressure,  the  former  causing  it  to  rise  and 
the  latter  to  fall.  "When  exterior  pressure  is  exerted 
on  this  lid,  the  valve  is  opened,  establishing  a  com- 
munication between  the  reservoir  and  the  air-cham- 
ber, allowing  a  portion  of  the  compressed  air  in  the 
reservoir  to  flow  into  the  chamber.  If  the  latter 
contains  an  excess  of  air,  its  pressure  aguinst  the 
movable  lid  keeps  the  valve  closed. 

The  apparatus,  when  under  water,  works  in  the 
following  manner.  In  the  act  of  inhalation,  the  di- 
ver withdraws  a  certain  amount  of  air  fh)m  the 
chamber;  exterior  pressure  is  then  exerted  on  the 
movable  lid,  which  falls,  causing  the  conical  valve 
to  open.  Air  passes  in  from  the  reservoir,  reestab- 
lishing an  equilibrium  of  pressure  between  the  inte- 
rior of  the  air-chamber  and  the  surrounding  water, 
and  the  conical  valve  returns  to  its  seat,  intercept- 
ing the  communication  between  the  reservoir  and 
chamber  until  another  inspiration  causes  the  opera- 
tion to  be  repeated.  As  the  air  is  expelled  from  the 
lungs,  the  valve  of  the  respiratory  tube  before  de- 
scribed permits  its  escape  into  the  water. 

It  is  evident  that  the  uniformity  of  action  in  this 
apparatus  depends  entirely  upon  the  respiration  of 
the  diver,  however  irregular  may  be  the  action  of  the 
air-pump  ;  the  workman  receives  precisely  the  quan- 
tity of  air  he  requires,  and  at  a  pressure  exactly  ecjual 
to  that  of  the  medium  by  which  his  body  is  sur- 
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rounded.  The  pump  which  supplies  air  to  the  res- 
ervoir is  so  constructed  that  liability  to  leakage  di- 
minishes with  the  pressure,  and  the  air  is  compelled 
to  traverse  two  layers  of  water  before  entering  the 
reservoir,  rendering  it  much  cooler  than  it  would 
otherwise  be  in  its  greatly  compressed  state ;  it  is 
farther  cooled  by  expansion  in  passing  from  the  reser- 
voir into  the  air-chamber. 

An  important  advantage  i)ossesse<l  by  this  appara- 
tus is  that  the  expired  air  rises  in  bubbles  to  the 
surface.  So  long  as  the  diver  breatlies  regularly,  the 
intervals  between  the  appearance  of  the  bubbles  is 
sensibly  equal.  If  they  come  moi-e  rapidly  or  more 
slowly  than  usual,  it  is  a  sign  that  something  ab- 
normal is  going  on.  If  they  cease  altogether,  the 
diver  must  have  ceased  breathing,  and  should  be 
hauled  up  immediately. 

In  the  old  forms  of  diving-dress  the  air  filled  the 
space  between  the  body  of  the  diver  and  his  imper- 
vious clothing,  the  expired  air  escaping  by  a  small 
valve  in  the  helmet,  through  which  any  excess  of  air 
also  escaped.  Irregularity  in  the  action  of  the  pum;> 
caused  also  irregularities  in  the  escape  of  the  bub- 
bles, and  thus  the  assistants  might  for  a  long  time 
uncon.<)ciously  continue  to  send  air  to  a  corpse.  In 
the  new  apparatus,  the  appearance  of  the  bubbles 
indicates  the  safety  of  the  diver,  and  the  assistants 
on  the  wat<;h  are  at  any  time  warned  of  his  danger 
by  their  nonappearance. 

The  armor  employed  in  connection  with  the  breath- 
ing-apparatus only  serves  to  defend  the  diver  from 
cold,  and  may  therefore  be  made  much  lighter,  al- 
lowing greater  freedom  of  motion.  See  Armoii, 
Submarine. 

Dlv'iii£;-bell  Pump.  A  pump  having  a  casing 
divided  by  a  vertical  partition  into  two  chambers, 

Fig.  1678. 


which  are  provided  with  inwardly  and  outwardly 
opening  valves.  The  chambers  arc  kept  partially 
filled  with  water,  which,  together  with  air,  is  ad- 
mitted to  each  through  the  inwardly  opening  valves, 
and  expelled  throusfh  those  opening  outwardly,  to 
supply  the  bell  with  fresh  air.  This  is  effected  by 
the  alternate  i-eciprocations  of  a  piston  working  in 
the  open-ended  cylinder,  which,  at  each  stroke,  draws 
a  portion  of  the  w^ater  from  one  of  the  chambers 
into  the  cylinder,  lowering  its  level  in  that  chamber, 
and  permitting  the  air  to  enter  through  the  inward- 
ly opening  valve  ;  the  return -stroke  causes  the  wa- 
ter to  rise,  forcing  some  of  it,  together  with  the  air. 


into  an  exterior  chamber,  whence  it  is  carried  to  a 
condenser,  and  thence,  through  a  tube,  to  the  bell. 

Div'ing  -  dress.  A  waterproof  clothing  and 
helmet  for  those  who  make  submarine  explorations. 
See  Armor,  Submarine. 

Dl-vis'ion-^late.  The  disk  or  wheel  in  the  gear- 
cutting  lathe,  which  is  pierced  with  various  circular 
systems  of  holes  ;  each  circle  represents  the  divisions 
of  a  circumference  into  a  given  number  of  parts. 

Do'be-rein'er's  Lamp.  An  instrument  invent- 
ed  by  Pi-ofessor  Dobereiner,  in  J^na,  in  1824,  for 
obtaining  light  by  the  projection  of  a  jet  of  hydro- 
gen upon  a  piece  of  spongy  platinum.  See  Hydro- 
gen Lamp. 

Dock.  1.  {Hydraulic  Engineering.)  An  arti- 
ficial excavation  or  structure  for  containing  a  vessel 
for  repairs,  loading,  or  unloading. 

Docks  are  of  various  kinds.     See 


Wet-dock. 

Dry-dock. 

Graving-dock. 

Screw-dock. 

Sectional-dock. 


Floating-dock. 
Hydraiuic-dock. 
Slip-dock. 
Shipbuilding-dock. 


The  docks  {navalia)  of  Rome  were  used  for  build- 
ing, laying  up,  and  refitting  ships.  Thev  were  at- 
tached to  the  emporium  outside  of  the  Porta  Tri- 
gemina,  and  were  connected  with  the  Tiber.  They 
were  included  within  the  walls  of  the  citj'  by  Aure- 
lian. 

The  Athenian  docks  in  the  Piraeus  cost  1,000  tal- 
ents. 

"They  have  a  design  to  get  the  king  [Charles 
ll.l  to  hire  a  dock  for  tlie  herring  busses  to  lie  up 
in.'^'— Pepys,  1661. 

"Sir  N.  Crisp's  proiect  of  making  a  great  sasse 
[sluice  or  lock]  in  tne  king's  lands  about  Deptford, 
to  be  a  wett  dock  to  hold  200  sail  of  ships." —  Ibid, 
1662. 

Of  the  docks  of  London  :  — 

Pitt  laid  the  foundation-stone  of  the  **  West-In- 
dia "  August  J 5,  1800  ;  opened  in  1802.  '*  London  " 
docks,  built  1802  -  5.  "Victoria,"  1856.  The  Liv- 
erpool and  Birkenhead  docks,  1810-57. 

2.  {Harness.)  The  divided  piece  foirning  part  of  the 
crupi>er,  through  which  the  horse's  tail  is  inserted. 

Dock'er.  A  stamp  for  cutting  and  piercing 
dough  in  making  crackere  or  sea-biscuit. 

Doc'tor.  A  part  in  a  machine  for  regulating 
quantity,  adjusting,  or  feeding  :  — 

a.  (Paper-7naking.)  A  steel  edge  on  the  pressure- 
roll  of  a  paper-machine  to  remove  any  adhering  fibers. 

b.  {Steam-engine.)  An  auxiliary  steam-engine  to 
feed  the  boiler. 

€.  (Calico-printing.)  A  scraper  to  remove  super- 
fluous coloring-matter  from  the  cylinder. 

Tlie  color-doctor  of  a  calico-printing  machine, 
which  wipes  superfluous  color  from  the  face  of  the 
engraved  roller. 

The  lint-doctor f  which  removes  fluff  and  loose 
threads  from  the  said  roller. 

The  cleaning-doctor^  which  wipes  clean  the  surface 
of  the  roller. 

Dod.  {Tile-making.)  A  piece  affording  an  an- 
nular throat  through  which  clay  is  forced,  to  make 
drain-pipe.    See  Tile-machine. 

Doag'ing.  Said  of  mortises,  when  they  are  not 
in  the  same  plane  at  the  hub.  By  spreading  the 
butts  of  the  spokes  where  they  enter  the  hub, 
dodging  on  each  side  of  a  median  line,  alternately, 
the  wheel  is  stiffened  against  lateral  strain.  The 
wheel  is  said  to  be  staggered. 

Doe'skin.  {Fabric.)  A  single  width  fine  woolen 
cloth  for  men's  wear ;  not  twilled. 
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Dof  fer.  A  comb  or  revolving  aird-covered  cyl- 
inder in  a  carding-niachine,  which  stripH  the  fleece 
or  sliver  of  fiber  ofl*  the  main  card-wheel  after  the 
filaments  have  passed  the  series  of  smaller  carding- 
roUers  and  the  flat  caixls. 

It  is  usually  a  comb  with  very  fine  teeth,  which 
penetrate  slightly  between  the  wire  teeth  of  the  card 
as  the  tM)inb  moves  downward. 

DofiTlng-cyFin-der.  A  cylinder  clothed  with 
cards  which  are  presented  in  such  direction  and  at 
such  a  rate  of  motion  to  the  main  card-cylinder  as 
to  remove  the  libers  from  the  teeth  of  the  latter. 

The  dotfing-cylinder  assumes  one  of  three  forms :  — 

1.  Continuous  clothing  ;  removing  a  perfect  fleece 
of  the  width  of  the  machine.  Such  is  the  doffcr  of 
the  acribbling'Tnachine,  which  yields  a  continous  lap 
or  fleece. 

2.  Longitudinal  haTids  of  card  clothing  ;  reaioving 
slivers  of  a  width  determined  by  the  breadth  of  the 
bands  and  of  a  length  equal  to  that  df  the  doffcr. 
Such  is  the  doffer  of  the  slubbing-billy.     See  Slub- 

DINO-MACHIXE. 

8.  Oircum/erenlial  bands  or  rings  of  card-clothing ; 
removing  narrow,  cimtinuous  slivers,  which  pass  to 
the  condenser^  whereby  they  are  compacted  and 
brought  to  the  condition  of  slubs.  Such  is  the  doffer 
of  another  form  of  Slubbino-maohine  (which  see). 

DofTing-knife.  A  blade  of  steel  toothed  at  its 
edge  like  a  fine  comb,  and  vertically  reciprocated  by 
a  crank  tangentially  to  the  teeth  of  the  doffcr  in  a 
carding-macnine,  in  order  to  remove  therefrom  a 
fine  fleece  of  carded  wool  which  is  gathered  into 
a  sliver.     See  Doffer. 

Dog.    A  hold-fast. 

A  device  with  a  tooth  which  penetrates  or  grips 
an  object  and  detains  it.  The  analogy  and  inference 
of  the  name  is  that  the  device  has  a  tooth  and  biles. 


Fig.  1679. 


1.  {Pile-driving.)    A  grappling  iron  or  grab,  usu 
ally  ^ith  jaws,  and  adapted  to  raise  the  monkey  of 
a  pile-driver.     When  the  jaws  open,  the  object  is 
dropped  or  released.     See  Pile-drivkr. 

2.  {Well-boring.)  A  grab  for  clutching  well 
tubes  or  tools,  in  withdrawing  them  from  bore4, 
drilled,  or  driven  wells.     See  Grab. 

3.  (Turning.)  A  clamp  fastened  to  a  piece  sus- 
pended on  the  centers  of  a  lathe^  and  by  which  the 
rotation  of  the  chuck  or  face- plat*'  is  imparted  to 
the  piece  to  be  tamed  {a  ft.  Fig.  1679). 

4.  A  click  or  pallet  adapted  to  engage  the  teeth  of 


a  ratchet-wheel,  to  restrain  the  back  action.  A  click 
OT  pawl.    See  Windlass  ;  Ratchet. 

6.  {Machinery.)  a.  Tlie  convei^ng  set  screws 
which  establish  the  bed-tool  of  a  puncning-press  in 
direct  coincidence  with  the  punch. 

ft.  A  contrivance  for  holding  the  staff  to  the  rest, 
chuck,  or  carriage,  while  being  cut,  sawed,  planetl, 
or  drilled. 

c.  An  adjustable  stop  placed  in  a  machine  to  change 
direction  of  motion,  as  in  the  case  of  feed-motion,  or 
in  jacking,  shaping,  or  planing  machines. 

6.  (Hoisting  and  Hauling.)  a.  A  grappling-iron 
(c)  with  a  fang  which  is  driven  into  an  object  to  be 
raised  or  moved. 

In  the  continuous  system  of  feed  in  saw-mills,  the 
chain  has  a  number  of  dogs  attached  to  difierent 
portions  of  its  length.  Docs  are  also  used  for  se- 
curing and  towing  floating  logs  and  in  shifting  or 
loading  logs  on  the  ground  or  carriage. 

0.  A  rin^-do^  or  span-tioa  (d)  ;  two  dogs  shackled 
together  by  a  nng,  and  used  for  hauling  or  hoisting. 

c.  Sling-doga  (c)  ;  two  dogs  at  the  end  of  a  rope 
and  used  in  hoisting  barrels.     A  span^hackle. 

7.  A  bench-dog  (/)  is  a  clamp,  and  holds  the  tim- 
ber by  its  tusk. 

8.  \Stucing.)  A  rod  on  the  head  or  tail  block  of- 
a  saw-mill  cairiage,  by  which  the  log  is  secured  in 
position.  The  dog  (g)  is  pivoted  to  the  block,  and 
its  tooth  is  driven  into  the  log.  It  varies  in  form 
on  the  head  and  tail  blocks  Tespecttvely. 

In  A  and  i  resiKJctively  are  shown  other  forms  of 
the  saw-mill  dog.  See  also  Circular  Saw  ;  Head- 
block. 

9.  [Shipbuilding.)  The  last  detents  or  supports 
knoctked  away  at  the  launciiing  of  a  ship.  A  dog- 
shore. 

10.  (LocksmUhing.)  A  projection,  tooth,  tusk,  or 
jag  in  a  lock,  acting  as  a  detent.  Especially  used 
in  tumbler-locks. 

11.  An  andiron. 

Dog  and  Driv'er  Chuck.  A  chuck  having  two 
parts.  The  dog  sliits  u)K>n  and  is  fastened  by  a 
set  screw  to  the  object  to  be  turned.  The  driver 
is  attached  to  the  lathe-mandrel,  and  has  a  pro- 
jecting arm  which  comes  in  contact  with  the  aog, 
and  causes  it  and  the  work  to  revolve  with  the  man- 
drel.    See  Doo  (a  ft.  Fig.  1679). 

Dog-bolt.  The  bolt  of  the  cap-square  over  the 
trunnion  of  a  gun. 

Dog-cart.  A  sportsman's  vehicle  having  shafts 
and  two  wheels,  with  a  box  beneath  the  seat  Tor 
setters  or  ]x>inter8. 

Dog'ger.  (Nautical.)  A  two- masted  fishing- 
vessel  with  bluU'  bows  and  u.sed  on  the  Dog^r  Bank, 
an  extensive  e^oal  in  the  center  of  the  Isorth  Sea. 
It  is  about  80  tons  burden,  and  has  a  well  in  the 
middle  to  bring  fish  alive  to  shore. 

Dog-hook.  1.  A  bar  of  iron  with  a  bent  prong 
to  drive  into  a  log.     See  Dcio. 

2.  A  wrench  for  unscrewing  the  coupling  of  iron 
borinj?-rods.     A  spanner. 

Dog-leg  Chis'eL  A  crooked-shanked  chisel  used 
in  smoothing:  the  bottoms  of  grooves. 

Dog-legged  Btain.  A  flight  of  stairs  without 
any  well-hole,  and  used  in  confineil  situations.  The 
flight  goes  up,  winds  in  a  semicirele,  an<i  then  mounts 
again  in  a  direction  parallel  to  the  first. 

Dog^-mns'^e.  A  wire  cage  over  the  nose  and 
jaws,  to  keep  a  dog  from  biting  ;  or  a  strap  around 
the  jaws,  to  keep  them  shut. 

Dog-nail.  A  large  nail  with  a  projecting  tooth 
or  lug  on  one  side  ;  used  under  oertam  circumstances 
by  locksmiths  and  carpenters. 

Dog^-noae  Vise.    (Locksmitking,)    A  hand-vke 
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with  long,  slender,  pointed  jaws.  Called  also  pig- 
nose  vise. 

Dog-po'w'er.  A  machine  by  which  the  weight 
of  a  dog  in  traveling  in  a  drum  or  on  an  endless 
track  is  made  to  rotate  a  spit,  or  drive  the  dasher  of 
a  churn. 

The  turaspit-dogs  of  the  last  and  previous  centu- 
ries ran  on  the  in.side  of  a  hollow  tread- wlieel,  which 
rotated  with  their  weight  and  communicated  motion 
by  a  band  to  the  spit.     See  Roasting-jack. 

In  the  modem  aog-powers,  as  in  the  example,  the 
animal  walks  on  an  endless  chain -track,  which  slips 

Fig.  1680 


Dog^  Power. 

to  the  rear,  rotating  a  drum  which  oscillates  an  arm, 
and  vertical  reciprocation  is  given  to  a  lever  and  the 
churn-dasher. 

DogHihore.  (Skipbrnldiryj.)  One  of  the  two 
struts  whic^h  hold  the  cradle  of  the  ship  from  sliding 
on  the  slip-ways  when  the  keel-blocks  are  taken 
out.  The  lower  end  of  each  dog-shore  abuts  against 
the  upper  end  of  the  rib-band  of  the  slip-way^  and 
the  upper  end  against  the  dog-cleat,  which  is  bolted 
to  the  side  of  the  bilge-wag.  Beneath  each  dog-shore 
is  a  small  block  called  a  trigger. 

In  launching,  the  triggers  are  removed,  the  dog- 
shores knocked  down,  and  the  Bhi])-eradle  freed,  so 
that,  carrying  the  vessel,  it  slides  down  the  slip- 
ways. The  signal  for  launching  is,  "  Down  dog- 
shores."    See  Lauxch. 

Dog'B-tooth.  A  sharp  steel  punch  used  by  mar- 
ble-workers. 

Dog-Btop'par.     {Nautical.)    A  stopper  put  on 

to  the  cable  to  enable  it  to  be  bitted,  or  to  permit 

the  messenger  to  lie  fleeted. 

Fig.  188L       Dog-vane.  {NaulieaX.)  A  small  vane, 

made  of  cork  and  feathers,  placed  on  the 

weather-rail  as  a  guide  to  tne  helmsman 

when  .sailing  on  a  wind. 

Doily.  {Fabric.)  Formerly,  a  species 
of  woolen  stuff ;  now,  a  table-napkin. 
Doll.  A  child's  toy-baby.  Made  of 
^  stuffed  cloth,  w^ood,  india-rubber,  etc. 
The  jointed  wooden  dolls  are  a  marvel  of 
cheapness,  and  are  made  by  the  ]ieasantry 
of  Europe.     See  Toy. 

Among  other  curiosities  of  the  former 
inhabitants  of  Egypt  are  a  number  of 
dolls  which  are  found  in  the  tombs,  and 
also  are  represented  on  the  painted 
walls.  Just  as  with  us,  some  are  rough, 
some  comical,  and  some  are  made  as 
nearly  symmetrical  as  the  artist  was 
able. 
Dolly.  1.  {Metallurgy.)  Ayierforated 
ioU.       board  placed  over  a  tub  containing  ore 


to  be  washed,  and  which,  being  worked  by  a  winch- 
handle,  gives  a  circular  motion  to  the  ore. 

2.  {Piling.)  An  extension-piece  on  the  upper 
end  of  a  pile,  when  the  head  of  the  latter  is  beyond 
the  reach  of  the  monkey.     Othenvise  called  a  punch. 

3.  A  hoisting-platform. 

4.  A  tool  with  an  indented  head  for  shaping  the 
head  of  a  rivet.     A  snap-head. 

Dolly-bar.  A  block  or  bar  in  the  trough  of  a 
grindstone  which  is  lowered  into  the  water  to  raise 
the  latter  against  the  face  of  the  stone  by  displace- 
ment. 

Dolly-tub.  {Metallurgy.)  A  vertical  tub  in 
which  metalliferous  slimes  are  washed.  It  has  a 
vertical  shaft  and  vanes  turned  by  a  crank-handle^ 
like  some  kinds  of  chums. 

Dol'phin.  1.  {Ordnance.)  One  of  the  handles 
of  an  old-fashioned  brass  gun,  nearly  over  the  trun- 
nions, and  by  which  it  is  lifted. 

2.  {Nautical.)  a.  A  bollard  post  on*  a  quay  to 
make  hawsers  fast  to. 

b.  An  anchored  spar  with  rings,  serving  as  a 
mooring-buoy. 

c.  A  strap  of  plaited  cordage  acting  as  a  preventer 
on  a  yard,  to  sustain  it  in  case  the  slings  are  shot 
away. 

3.  {Hydraulics.)  The  induction -[>ipe  of  a  water- 
main,  and  its  cover,  placed  at  the  source  of  supply. 

Dorphin-Btrik'er.  {Nautical.)  A  spar  depend- 
ing from  the  end  of  the  bowsprit.  It  affords  a  strut 
for  the  martingales  of  the  jib-boom  and  Jlying-jib- 
boom. 

Dome.  1.  {Architecture.)  A  vault  on  a  circular 
plan.  It  is  usually  hemispherical  in  fonn,  but  is  sus- 
ceptible of  a  prolonged  or  oblate  spheroidal  variation. 

In  the  data  foUowing,  the  hight  given  is  that 
of  the  apex  above  the  ground. 

The  dome  of  the  Pantheon  at,  Rome  is  a  hemi- 
sphere 142  feet  in  diameter,  143  feet  high  above  the 
floor  of  the  i-otunda. 

The  dome  of  St.  Sophia  at  Constantinople  is  an  ob- 
late semi-spheroid  104  feet  in  diameter,  201  feet  high. 
It  Is  said  to  be  built  of  earthenware  and  pumice-stone, 
not  of  but  stone.     It  was  built  in  the  sixth  century. 

The  dome  in  the  Duomo  of  Florence  was  built  by 
Brunelleschi  in  1417.  It  is  of  brick,  octo^nal  in 
plan,  139  feet  in  diameter,  and  310  feet  in  hight. 

The  dome  of  St.  Peter's,  at  Rome,  was  built  at  the 
close  of  the  sixteenth  centur}',  from  designs  left  by 
Michael  Angelo.    It  is  139  feet  in  diameter,  830  feet 

high. 

The  dome  of  St.  Paul's,  at  London,  by  Sir  Chris- 
topher Wren,  is  not  masonry,  but  a  shell  inclosing 
the  brick  cone  which  supports  the  lantern.  It  is 
112  feet  in  diameter,  215  feet  high. 

Internal      Internal 
Diameter.      Hight. 
Mosque  of  Achmet,  Constantinople      92  120 

Duomo  at  Milan        ...  57  254 

Hall  aux  Bles,  Paris,  by  Moulineau    200  150 

St.  Isaac's,  Petersburg .         .         .96  160 

Baths  of  Caracalla     ...         112  116 

The  dome  of  the  Capitol,  Washington,  is  287  feet 
11  inches  above  the  l)ase-line  of  the  east  front.  The 
greatest  diameter  of  the  dome  at  the  springing  is 
135  feet  5  inches.  The  weight  of  iron  in  the  dome 
and  tholus  is  8,009,200  pounds.  The  rotunda  is 
95.5  feet  in  diameter,  and  its  hight  from  the  floor 
to  the  top  of  the  canopy  is  180.25  feet. 

The  central  rotund  of  the  Vienna  Exposition 
building,  1873,  sprinars  from  a  circular  facade  of 
piers  426i  feet,  English,  in  diameter  ;  within  which 
IS  a  gallery  covered  with  .its  own  roof ;  from  the 
interior  perimeter  of  the  gallery  rises  a  conical  roof 
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sormounted  by  a  lanteni  105  feet  iu  diameter,  and 
this  by  a  secoud  lantern  and  cupola  risiug  to  a  night 
of  300  feet  above  the  ground. 

2.  {Steam-engine.)  The  steam-chamber  above 
some  forms  of  boilers,  aa  the  locomotive.  It  fre- 
quently has  an  arched  crown.    . 

3.  {Railroad,)  The  elevated  upper  section  of  a 
passenger-car  projecting  above  the  general  level  of 
the  roof,  forming  a  space  for  ventilation,  light,  and 
ornament. 

Dome-cov'er.  {Steam-ejiffiiu.)  The  brass  or 
copper  cover  over  the  dome  ol"  a  locomotive,  which 
serves  to  prevent  the  radiation  of  heat. 

Do-mes'tio.  {Faln-ic)  Bleached  aud  unbleached, 
unprinted  and  undyed  cotton  cloths  of  the  ordinary 
grades  for  common  use. 

Do-mes'tio  Ap-pU'an-oas.  The  implements 
and  conveniences  appertaining  to  the  household. 
Among  them  are  the  following,  which  are  considered 
under  their  respective  heads :  — 


Almond*peeler. 

Andiron. 

Apple-corer. 

Apple-parer. 

Apple-quarterer. 

Ash-leach. 

Ash-sifter. 

Baby-jumper. 

Baby-walker. 

Baker. 

Basket. 

Bean-sheller. 

Bed. 

Bed-bottom. 

Bedstead. 

Bedstead-fastener. 

Bird-cage. 

Bi  <}c  ui  t-machi  ne. 

Boiler.     Culinary 

Boot-jack. 

Bottle-cleaner. 

Bottle-screw. 

Bread-cutter. 

Bread-making  machine. 

Broiler. 

Broom. 

Broom-handle. 

Broom-head. 

Brush.     Sve  Brushes. 

Butter-dish- 

Batter-mold. 

Butter-tongs. 

Butter-worker. 

Cake-cutter. 

Cake-mixer. 

Candle-snuffers. 

Can-opener. 

Carpet-beater. 

Carpet-cleaner. 

Carpet-fastener. 

Carpet-stretcher. 

Carpet-sweeper. 

Caster. 

Carving-table. 

Chair. 

■  Chamber-closet. 

Charcoal-furnace. 

Cheese-cutter. 

Cherry-stoner. 

Chopping-machine. 

Clothes-brush. 

Clothes-dryer. 

Clothes-frame. 


Clothes-horse. 

Clothes-line. 

Clothes-line  hook. 

Clothes-line  reel. 

Clothes-pin. 

Clothes-press. 

Clothes-sprinkler. 

Clothes-tongs. 

Clothes-wringer. 

Coal  and  ash  sifter. 

Coal-scuttle. 

Coat-hook. 

Coffee-mill. 

Coffee-pot. 

Coffee-roaster. 

Colander. 

Comb. 

Comb-brush. 

Cooking-range. 

Cooking-stove. 

Corer  and  slicer. 

Cork -press. 

Cork-piUl. 

C-orkscrew. 

Corn-cake  cutter. 

Corn-grater. 

Corn-pojiper. 

Couch. 

Cracker-machine. 

Ci-adle. 

Cream -freezer. 

Crimper.     Hair 

Crimper.     Kufflo 

Crumb-remover. 

Curling-iron. 

Desk. 

Dish-heater. 

Dish-holder. 

Dish-rack. 

Dish-warmer. 

Dish-washer. 

Docker. 

Domestic-press. 

Door-mat. 

Dough-kneader. 

Dough -mixer. 

Dough-trough. 

Dredging-box. 

Dumo-waiter. 

Dust-pan. 

Earth -closet. 

j£gg-assorter. 

Egg-basket. 


Egg-beater. 

Egg-boiler. 

Egg-carrier. 

Egg-detector. 

Egg-ton^s. 

Extinguisher.        Fan. 

Feather-renovator. 

Fender.        Fire-irons. 

Fire-screen. 

Fish-kettle. 

Fish-slice. 

Flat-ii-on. 

Flat-ii-on  heater. 

Flour-sifter. 

Fluting-iron. 

Fludng-machine. 

Foot-stool. 

Fork. 

Freezer.        Fruit-jar. 

Frying-pan. 

Furniture-pad. 

Furaiture-spring. 

Furniture- tip. 

Gong.        Grater. 

Griddle. 

Gridiron. 

Hastener. 

Hat-rack. 

Head-rest. 

Hearth-brush. 

Honey-strainer. 

Hospital-bed. 

Ice-chest. 

Ice-cream  freezer. 

Ice-crusher. 

Ice-cutter.        Ice-pick. 

Ice-pitcher.     Ice-plane, 

Ice-safe.         Ice-tOngs. 

Ironing-board. 

Ironing-machine. 

Italian -iron. 

Jar.     Fruit 

Kucading-machine. 

Knife-board. 

Knife-cleaning  machine. 

Knife-polisher. 

Knife-rest. 

Knife-sharpener. 

Knock-down  chair. 

I^dle. 

Lamp-chimney  cleaner. 

Lamp-chimney  tongs. 

Lamp-stove. 

Laundry. 

Laundry-stove. 

Lemon -squeezer. 

Line-clamp. 

Looking-glass. 

Mangle.         Mat. 

Matclies.        Match-safe. 

Mattress. 

Meal-sieve. 

Meat-chopper. 

Meat-crusher. 

Meat-cutter. 

Meat- hook. 

Meat-mangier. 

Meat-saw.         Meat-spit. 

Meat-tub. 

Milk-can. 

Milking-machine. 

Mincing-knife. 

Mincing-machine. 

Mop. 


Mop-head. 
Mop- wringer. 
Music-stand. 
Musquito-bar. 
Musquito-canopy. 
Night-chair. 
Nut-cracker.' 
Nutmeg-grater. 
Oyster-opener. 
Palliasse. 
Peach -parer. 
Peach-stoner. 
Pea-sheller. 
Percolator. 
Piano-stool. 
Pie-board. 
Pillow. 
Pinking-iron. 
Piping-iron. 
Plate-rack. 
Plate- wanner. 
Pliant. 

Portable  furnace. 
Portfolio-stand. 
Potato-masher. 
Potato- washer. 
Press. 

Pressing-board. 
Preser\'e-jar.     • 
Quilting-fmme. 
Raisin-seeder. 
Refrigerator. 
Rimmer.     Pie 
Roaating-jack. 
Rolling-pin. 
Sabotiere. 
Sad-iron. 
Sad-iron  heater. 
Safe.     Meat 
Sausage-machine. 
Sausage-stuffer. 
Scoop. 

Scrubbing-brush. 
Scrubbing-machine. 
Scuttle.         Settee. 
Sewing-box. 
Shaving-cup. 
Sieve.        Sifter. 
Skillet 

Skimmer.        Slicer. 
Smoothing-iron. 
Smoothing-stone. 
Snuffers.        Sofa. 
Spittoon.        Spoon. 
Steak-cnisher. 
Steam-cooking  apparatus. 
Steamer. 
Step-ladder. 
Stool. 

Stoves  and  heating  appli- 
ances (which  see). 
Table. 

Toaster.        Tongs. 
Tray. 

Tumbler-washer.        Um. 
Vegetable-chopper. 
Vegetable-cutter. 
Vegetable-grater. 
Vegetable-slicer. 
Vegetable-washer. 
Waffle-irons. 
Waiter. 
Warming-pan. 
Wine-cooler. 
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Washboard. 
Wash-boiler. 
Washing-machine. 
Washing-shield. 


"Water-cooler. 
Wire  mattress. 
Work-basket. 
Wringer. 


Do-mes'tic  Boil'er.  One  for  heating  water  on 
a  somewhat  large  scale  for  the  household.  Such  are 
made  of  sheet-metal,  to  set  upon  the  top  of  a  stove 
occupying  two  of  the  stove- holes  ;  or,  made  of  cast- 
iron,  thev  form  reservoirs  as  a  permanent  attach- 
ment to  the  stove.     See  Wash-boiler  ;  Reservoi  u- 

8T0VB. 

Dioscorides  mentions  tinned  boilers.  Pliny  also 
treats  of  tinning  copper  vessels.  Boilers  with  faucets 
have  been  disinterred  at  Herculaneum. 

Do-mes'tio  Press.  One  for  household  use  for 
pressing  honey,  lara,  tallow,  cheese,  sausage,  or  fruit. 


Fig.  1682. 


DomtstU  Press. 


The  press  shown  in  the  example  has  a  sausage- 
stuffer  a  farthest  from  the  pivoted  end  of  the  lever/. 
A  lard-presser  next,  with  a  perforated  tin  hoop  b.  On 
the  bench  is  also  shown  a  platform  and  hoop  c  for 
fruit,  which  is  substituted  for  the  lard-hoop  when 
required,  d  Ib  &  crank  which  operates  the  tackle 
and  depresses  the  lever/. 

Dom'ett.  {Fabric.)  A  plain  cloth,  with  cotton 
chain  and  woolen  weft. 

Do'ney.  (HaiUki-l.)  A  one-masted  native  ves- 
sel on  the  Coromandel  coast,  70  feet  long,  20  feet 
beam,  and  12  feet  hold. 

Don'key-en'gine.  (Steam-engine.)  An  auxil- 
iary engine  for  working  the  feed-pump,  hoisting  in 
freight,  etc., —  work  unconnected  with  the  propelling 
engines,  and  which  may  thus  proceed  when  the  main 
engines  are  stopped. 

Don'key-pump.  A  steam -pump  for  feeding 
steam-engine  boilers  ;  frequently  used  for  pumping 
in  water  during  the  cessation  from  working  of^the 
principal  engine.  It  is  used  as  a  substitute  for  the 
feed-pump  iwrtion  of  the  large  engine  ;  also  used  in 
breweries,  distilleries,  gas-works,  tanneries,  chemi- 
cal works.  One  of  the  pumps  is  shown  mounted 
on  legs,  another  adapted  to  be  bolted  to  a  post  or 
wall. 

Doo'dle-sack.  (Music.)  The  bagpipe  (Ger.  du- 
ddaack). 

Dook.  A  wooden  plug  or  block  inserted  in  a 
brick  or  atone  wall  for  the  subsequent  attachment  of 
the  finishing  pieces. 

Door.  1.  An  opening  in  a  wall  for  a  passage- 
way. 

2.  A  frame  or  barrier  closing  said  opening. 

The  word  forms  a  part  of  many  compound  words, 
such  as  — 


Door- alarm. 

Door-bell. 

Door-case. 

Door-fastener. 

Door-knob. 

Door-lock. 

Door-nail.  i 

Door-plate.  | 

Door-spring. 

Door-stone. 

Door-stop. 

Door-stnp. 

Door-way  plane,  etc. 

The  doors  of  ancient  Egypt 
and     contemporary    nations 
swung  upon  vertical  pintlea 
which  projected  from  the  top 
and  bottom  of  the  door  into 
sock(?t8    in    the    lintel    and 
threshold  respectively.     The 
commonest  fonn  of  door  had 
the  pintle  in  the  middle  of 
the    width,    so    that,  as    it 
opened,  a   way  was  afforded 
on  each  side  of  it  for  ingress 
or  <*gress.  This  is  much  bettei 
than  the  villianous  system  of 
making  the  doors  of  cliurches.         Donkey- Pumps. 
theatei-s,  and  assembly-rooms 
open  inward,  forming  trajw  to  catch  the  people  when 
a  stampede  occurs  from  a  fire  or  an  alarm.     It  is  but 
recent  in  our  recollection,  the  account  of  the  burning 
of  a  cathedral  at  Callao  or  some  other  city  on  the 
South  American  coast,  when  the  buililing,  decked 
out  with  paper  and  calico,   in  all  the  frippery  of 
a  saint's  gala-day,  was  burned,  with  800  miserable 
people, —  women  and  children  chieflVi  tor  such  are  the 
principal  patrons  of  churches  in  tnat  land  of  Mes- 
tizoes. 

It  is  not  to  be  inferred  that  a  simple  valve  swing- 
ing on  a  central  axis  was  the  only  form  of  door,  for 
in  other  structures  we  find  the  sockets  near  the  posts, 
showing  that  the  door  turned  upon  an  axis  in  the 
line  of  one  of  its  vertical  edges.  Such  doors,  among 
the  Romans,  were  fastened  by  bars  or  chains.  Door- 
locks  were  known  in  Thebes  centuries  previous  to 
the  Augustan  era  of  Rome,  and  some  are  to  be  found 
in  the  museums  of  Europe.     See  Lock. 

The  street  doors  of  Greek  and  Roman  houses 
opened  outward  when  formed  of  a  single  leaf,  and  an 
issuing  citizen  rang  a  bell  to  warn  passengers  in  the 
street ;  or  sometimes  of  a  pair  of  leaves,  each  swing- 
ing on  its  own  pintle  ana  forming  a  double  door. 
When  doora  were  made  to  fold,  they  were  swung 
inward  ;  in  this  case  one  valve  was  hinged  to  another 
and  swung  back  against  its  principal,  the  latter 
having  pivots  whicn  turned  in  the  threshold  and 
lintel.     Such  doors  were  known  in  ancient  Greece. 

The  doors  of  the  residence  of  the  Inca  Huayna 
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Capac,  in  the  vicinity  of  C<)topaxi,  were  similar  to 
those  of  the  Egyptian  temples. 

The  doors  ot  the  oracle  of  Solomon's  Temple  were 
of  olive-tree,  and  were  **a  tifth  part  of  the  wall." 
As  the  width  of  the  house  was  20  cubits,  the  door- 
way was  about  6 J  feet  wide.  The  door  was  double. 
The  outer  door  of  the  temple  was  of  fir,  an(f  hung 
upon  olive-tree  i)ost8.  The  doorway  was  about 
eight  feet  wide,  and  the  double  doors  had  each  two 
leaves. 

**  The  two  leaves  of  the  one  door  were  folding,  and 
the  two  leaves  of  the  other  door  were  folding." 

It  is  not  easy  to  find  in  any  other  very  ancient 
author  so  clear  a  description  of  the  proportions  and 
construction  of  a  building  as  is  found  in  1  Kings,  vi. 

A  pair  of  doors  have  figured  somewhat  largely  in 
the  history  of  East  Indian  conquest.  It  is  seldom 
that  so  much  fuss  has  been  made  about  a  pair  of 
doors  since  Samson  took  those  of  Gaza  from  their 
hinges,  about  1120  b.  c,  and  carried  them  to  the 
top  of  a  hill  before  Hebnm.  He  took  them  "  bar 
and  all,"  not  condescending  to  unlock  them,  but 
tearing  them  from  their  foundations. 

The  doors  of  the  Temple  of  Siva,  at  Somnauth,  a 
town  of  Guzerat,  in  Hindostan,  were  of  sandal-wood, 
elaborately  carved  in  correspondence  with  the  other 
portions  of  the  temple,  which  was  an  oblong  hall 
96  X  68  feet,  crowned  by  a  dome.  When  Mahmoud, 
of  Gliizni,  at  the  head  of  his  Mohammedan  hordes, 
invaded  India  (a.  d.  1004),  on  a  mixed  mission  of 
plunder  and  conversion,  he  mingled  avarice  with 
enthusiasm  and  lust,  so  as  to  afford  a  first-rate  mod- 
el for  a  demon  to  master  Anacreon  Moore,  some  800 
years  afterward :  — 

*"T  is  be  of  OhizDi,  fierce  in  wnth 
He  comes,  and  India's  diadems 
Lie  ncattered  in  his  ruinous  |fath ; 
His  bloodhounds  he  adorns  witb  gema 
Torp  f\rom  the  riolated  necks 
Of  many  a  young  and  lored  sultana ; 
Maidens  within  their  {rare  xenana, 
Prie^tit  in  the  rery  fine  be  slaughters, 
And  choker  up  with  the  glittering  wreclca 

.    Of  golden  shrines  the  sacred  waters  " 

of  the  Ganges,  of  course.  It  must  not  be  'Under- 
stood, however,  that  he  failed  to  strip  off  the  gold 
before  he  pitched  these  things  into  the  muddy  wa- 
ters of  the  river,  which  delivers  yearly  into  the  Bay 
of  Bengal  534,600,000  tons  of  solid  matter. 

Mahmoud,  about  1024,  after  desolating  Northern 
India  for  some  years,  came  to  Somnauth,  and  — 
omitting  the  details — plundered  from  the  Temple 
of  Siva  *  *  the  destroyer '  the  rich  offerings  of  centu- 
ries, carrying  them  and  the  doors  of  the  temple  to 
Afghanistan,  where  the  latter  were  made  the  doors 
of  his  tomb. 

Here  they  rested  till  1842,  when  the  English, 
stung  to  madness  by  the  massacre  of  26,000  soldiers 
and  camp  followers  in  the  Kyber  pass,  in  the  month 
of  January  of  the  same  year,  invaded  Afghanistan 
in  force,  and  conquered  Akbar  Khan,  [jord  Ellen- 
borough,  inflated  with  an  august  desire  for  poetical, 
historical,  and  every  other  kind  of  retribution, 
seized  upon  the  doora  of  Mahmoud's  tomb  as  repre- 
sentatives of  the  success  of  Mohammedan  domina- 
tion, and  carried  them  back  to  India  proper,  chant- 
ing a  iKean  whose  refrain  was  **^i«  insuit  o/evjkt  hun- 
dred years  U  avenged,''  and  commanding  that  the 
doors  should  be  "transmitted  with  all  honor"  to 
the  Temple  of  Siva.  The  British  government,  goad- 
ed on  the  one  hand  by  Exeter  Hall,  and  on  the  other 
by  its  fear  of  the  two  unmingled  races  who  occupy 
Hindostan,  found  itself  with  an  elephant  on  its 
hands,  and  stopped  the  gates  at  Agra,  where  they 
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j4,  batUn-dooT.  Fig  1684. 

Hf  panel-door.  A         lis         ji 

«,  top-rail. 

6,  middle  or  lock  rail. 

c,  bottom-rail. 

d,  hanging  style. 
«,  lock  style. 
/,  munnion  or  muntin. 
g,  panels. 
1  u  a  six-panel  door  the 

rail  next  to  the  top  rail 
is  called  the/riczc-rat/. 

A  panel  wider  than  its  Boon, 

hight  is  a  lifing-panel.    If 

of  equal  hight  and  width,  a  square  panel.     If  ita 
hight  be  greater  than  its  width,  a  standing  panel, 

Double^oor ;  two  pairs  of  folding-doors,  hung  on 
the  angles  of  the  apertures  and  opening  toward  the 
reveals  against  whicn  they  are  hung. 

Folding-doors  ;  a  pair  whose  respective  leaves  are 
hung  on  opposite  comers  of  the  aperture  jn  the  same 
plane,  so  that  the  styles  meet  in  the  center  when 
closed. 

Double-margin  doors  ar?  made  in  imitation  of 
folding-doors,  the  middle  style  being  made  double 
i^ith  an  intervening  bead. 

Slidiivg-doors  are  an  improvement  on  folding; 
they  slip  into  grooves  in  the  partition. 

A  proper- lemfed  door  is  one  made  of  b«ards  placed 
side  by  side  with  battens  called  ledges  at  the  back. 
With  a  diagonal  piece  at  the  back,  in  addition,  it  is 
said  to  he/rffnied  and  lodged, 

Door-a-larm'.  A  device  attached  to  a  door,  to 
give  an  audible  notice  when  the  door  is  opened  or 
tampered  with.     See  Burg  la  ii- ALARM. 

Door-belL  A  bell  attached  to  a  door  or  door- 
post, or  hung  by  a 


handle  exposed  out- 
side of  the  door.  In 
the  example  (Fig. 
1685),  the  end  of  the 
lever,  attached  by  a 
wire  to  the  bell-pull, 
strikes  a  spur  on  the 
cam,  one  end  of 
which,  as  it  turns, 
forces  down  a  bar 
attached  by  a  bent 
wire  to  the  hammer, 
till,  the  spur  being 
released,  the  rebound 
causes  the  gong  to  be 
struck. 

In  other  instances, 
the   bell  or  gong  is 


Hg.  1C86. 


Door- Gong. 


sounded  by  the  simple  turning  of  the  handle. 

Door-case.  The  frame  of  a  door,  in  which  it 
swings  and  fits. 

Door-fast'en-er.  A  portable  contrivance  for 
fastening  a  door.  It  usually  consists  of  a  piece 
jammed  in  between  the  door  and  the  casing,  having 
spurs  which  catch  in  the  latter  and  a  turn-button 
which  engages  against  the  door.  In  one  example 
shown,  it  is  a  toggle-stnit  which  thrusts  against  the 
door  and  the  floor. 

Door-frame.  {Carpentinj.)  a.  The  structure  in 
which  the  panels  are  fitted.     It  is  composed  of :  — 

The  stiles,  or  upright  pieces  at  the  sid&s. 

The  munnions,  or  central  upright  pieces. 

The  bottom  i-ail,  the  lock  or  central  rail,  and  the 
top- rail.     See  Door. 

b.  The  rase  into  which  a  door  is  fitted. 

Door'i-ahs.  {Fabric. )  A  cotton  cloth  made  in 
India. 
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Fig.  1686.  Door-knob. 
The  bulb  or  han- 
dle on  the  spiiidle 
of  a  door-lock.  It 
is  made  of  metal, 
glass,     porcelain, 
or  clay  of  various 
colore.       Ingenu- 
ity ia  employed  in 
devising  means  of 
attaching  the  knob  to  its 
shank,  and  the  latter  to 
the  spindle.    With  glass 
knol^,  the  shank  of  thin 
iron  may  be  passed  into 
the  congealing  ^lass  in 
the  mold.      With  clay 
and  porcelain  the  heat 
of  balcing  is  too  great, 
and  the  shanks  ai-e  fas- 
tened to  the  knobs   by 
cement  or  fusible  metal. 
Door-look.    A  door- 
fastening  whose   bolt  is  re- 
tracted by  a  key  ;   differing 
from  a  latch    or   catch,    in 
which  the  bolt  is  worked  by 
the  knob  or  handle. 

Door-locks  are  of  various 
kinds,  known  usually  by  cer- 
tain characteristic  features  of 
Door-Fasteners.        construction,  sometimes  from 
their  purpose :  — 

Janus-faced  lock. 
Lever-lock. 
Mortise-lock. 
Permutation-lock. 
Reversible  lock. 
Rim -lock. 
Safe-lock. 
Sliding-door  lock. 


Alarm-lock. 
Box-lock. 
Car-door  lock. 
Cell-lock. 
Closet-lock. 
Cross-bolt  lock. 
Dead-lock. 
Front-door  lock. 
Jail-lock  (see  Lock). 

Door-mat.  A  texture  for  wiping  the  feet ;  made 
of  tussocks  of  hemp,  flax,  or  jute  woven  or  tied  into 
a  fabric  ;  also  made  of  sedge,  straw,  rushes,  or  other 
common  material. 

Door-naiL  The  plug  (or  pUite)  on  which  a  door- 
knocker strikes. 

Fig.  1687. 


Barn-Door  RoUer. 


DocMT-plate.     A  name-plate  on  a  door. 

Door-roll'er.  A  suspension  device  for  a  sliding 
door.  The  roller  a  of  the  door-hanger  b  runs  on  a 
track  plate  or  rod  c.  Used  for  doors  of  bams,  ware- 
houses, freight-cars,  etc. 

Doorr4ipring.  A  spring  attached  to  or  bearing 
againstacloor,  soastoa  " ^-    ^     »      •• 

Of  this  nature  are  ' 
vulcanized  rubber,  wl 
the  top  of  the  door 
and  the  lintel,  being 
extended  by  the  open- 


t^Ateuucu  uy  me  open-   r 

ing  of  the  door,  and,  | , 
by  contraction,  clos-  U 


ing  it.  In  another 
form,  a  coiled  spring 
is  attached  to  a  rod  o  oi 

Sost,  and  bears  againi 
oor.  As  the  door  c^  _  ,  „  ^r  -o  - 
coiled'  more  tightly  on  its  rod,  and  thus  opposes 
a  force  which  shuts  the  door  when  the  person  has 
passed.  Another  form  is  a  torsion-spring ;  a  wii-e 
whose  ends  are  attached  to  the  door  and  jamb  so  as 
to  be  twisted  by  the  opening  of  the  door. 

Door-stone.    A  tnreshold  stone. 

Door-atop.  {Carpentry.)  A  knob  or  block  on 
a  skirting-board  or  floor,  against  which  the  door 
shuts.  The  object  is  to  hold  the  door  open  or  to 
catch  it  when  opened  clear  back,  and  prevent  the 
door-knob  from  bruising  the  wall. 

Also  a  pad  or  strip  on  a  door-case,  against  which 
the  door  shuts,  to  jjrevent  slamming. 

Door-atrip.  A  strip  attached  near  the  lower  edge 
of  a  door,  to  shut  down  tightly  upon  the  threshold 
beueathwhen  the  door  isclosed.  See  Weather-strip. 

Door'^way-plane.  The  sjmce  included  between 
the  intrados  of  a  large  archway  and  the  actual  door 
of  entrance. 

Dop;  Dopp.  The  copper  cup  in  which  a  dia- 
mond is  soldered  when  it  is  to  be  polished  upon  an 
iron  lap  or  skive  chaiiged  with  diamond-powder.  See 
Diamond-cutting. 

Dor'mant-bolt.  A  concealed  bolt  working  in  a 
mortise  in  a  door,  and  usually  operated  by  a  key, 
sometimes  by  a  turning  knob. 

Dor'mant-lock.  A  lock  having  a  bolt  that  will 
not  close  of  itself. 

Dor'man-tree.  A  lai^  beam  lying  across  the 
ceiling  of  a  room,  and  serving  as  a  joist.  A  dor- 
viond  or  domicmt-tree. 

Dor'mer-win'dow.  (Building.)  A  window 
piercing  a  sloping  roof,  and  having  a  vertical  frame 
and  gable  of  its  own.  The  gable  is  sometimes  in  the 
plane  of  the  wall,  or  is  founded  upon  the  rafters, 
sometimes  a  succession  of  stories  in  the  roof  are  pro- 
vided with  dormers,  as  is  commonly  the  case  in  some 
houses  of  Northern  France,  Belgium,  and  the  Neth- 
erlands. 

Dor'nook ;  Dor'nio.  (Fabric.)  A  stout  flgui-ed 
linen  (damask),  said  to  be  named  after  the  town  in 
Scotland  (Domock )  where  it  was  made,  but  proba- 
bly deriving  its  name  from  Toumay  (Flemish,  door- 
nic)f  a  frontier  town  of  Belgium. 

Dor'aeL  (From  Latin  dorsum^  the  back.)  1.  A 
pannier  or  basket  to  carry  on  the  back. 

2.  a.  A  cover  for  a  chair-back  ;  hence, 

b.  Tapestry,  or  a  screen  at  the  back  of  a  throne 
or  altar. 

c.  Tapestry  or  wall  hangings  around  the  sides  of 
the  chancel  of  a  church. 

d.  A  canopy  for  a  throne.     A  lambrequin. 

3.  A  kind  of  cloth,  used  for  the  purposes  stated. 
Dor'aonr.     (Fabric.)     Scotch   cloth,   used   for 

hanging  on  walls  of  chapels  and  halls. 
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Do'ry.  {Nautical,)  Asmall, sharp, fiat-bot- 
tomed boat,  with  very  •sloping  sides,  exten- 
sively employed  in  the  British  fisheries. 

Dos'eL    See  Dorsel. 

Dos^siL  (Surgical.)  A  small  roll  or  pledg- 
et of  lint  of  a  cylindrical  or  ovoid  fonn,  to 
keep  open  a  wound.      A  tent.  ^ 

(Printing.)  A  roll  of  cloth  for  wiping  off 
the  face  of  a  copper- plate,  leaving  the  ink  in 
the  engraved  lines.  'd 

Dotohln.     The    Chinese    steelyard.      In  f^ 
Hong  Kong,  and  other  ports  where  Europeans 
tr^e,  the  beams  are  doubly  graduated 
Pig  1689.  with  circles  of  brass  pins  to  mark  British 

fand  Chinese  weights. 
DotB.    (Plastering.)     Nails  driven  into  a 
wall  to  a  certain  depth,  so  that  their  protrud- 
ing heads  form  a  gage  of  depth  in  laying  on 
a  coat  of  plaster. 

Dot'ting.  A  form  of  engraving  in  which 
geographical  divisions 
on  maps  are  shown  by 
interrupted  lines  or  se- 
ries of  dots.  Done  by 
a  roulette. 

Dofting-pen.       A 
pen   having  a  roulette 
which   makes    dots   or 
detached  marks  on  the  ij 
paper  over  which  it  is  ' 
drawn.    See  Roulette. 
Doub'le-aotlng 
Bal'ing-press.      One  < 
Dotting-  which  has  two  boxes  in 
Pen.     which  the   material  is 
compressed ;  sometimes 
a  single  follower  acts  upon  them  I 
alternately,  in  other  cases  two  \ 
followers  act  simultaneously.       ^ 
In  the  first  example  shown,   i 
the  press  is  double-ended,  each  ^ 
follower  forming  an  abutment  ^ 
for  the  other  as  they  are  forced  ] 
together  by  the   toggle-levers. 
The  toggle -levers  p  are   sus- 
pended   upon    the    cords    or 
chains  F  ff,  fonning  fiexible 
suspension-points,  whereby  bales  of  unequal  size  are 
pressed  with  equal  force  by  the  platens  C.    The  view 
IS  a  plan,  seen  from  above.     The  rope  winds  upon 
the  central  post  Q  to  which  the  power  is  applied, 
and  it  thence  pa.sses  over  the  sheaves  ceon  the  ends 
of  the  cix>ss-beiEim. 

In  Fig.  1691,  a  single  follower  D  is  used  for  two 

Fig.  1690. 


Fig.  1691. 


Screw  Baling-Press. 


press-boxes  C  C  alteraately,  and  is  operated  by  four 
screws  B  B  simultaneously  driven,  one  at  each 
corner,  two  showing  in  the  illustration,  which  is  a 
side  elevation. 

Double-act'ing  En^gine.  (Steam-engine.)  An 
engine  in  which  both  motions  of  the  piston  are  pro- 
duced by  the  action  of  live  steam,  which  bears  upon 

Fig.  1692 


DoyUU-TbggU  Baiing-Ptress. 


DmibU-AUing  Engitu. 

the  faces  alternately.    In  contradistinction  to  9ingle- 
acting,  in  which  live  steam  is  only  admitted  to  one 
side  of  the  piston,  the  weight  of  a  pump-rod  or  the 
pressure  of  the  atmosphere  giving  the  return  motion. 
This  form  of  engine  was  invented  by  Watt.     The 
piston    of  the    Newcomen   atmospheric-engine,  on 
which  Watt  was  improving,  was  raised  by  steam  at 
a  moderate  pressure,  and  depressed  by  the 
pressure  of  the  atmosphere  wnen  the  steam 
Deneath  the  piston  was  condensed  by  a  wa- 
ter-jet.    Watt  added  the  separate  cotidenser, 
air-pump,  and  the  steam-jacket  to  the  cylin- 
der, and  then  sought  for  means  for  keeping 
the  atmosphere  from  the  inside  of  the  cylin- 
der when   the  piston  was  depressed.      He 
added  the  cylinder-cover,  adopted  the  stuff- 
ing-box invented  by  Sir  Samuel  Morland,  and 
admitted  steam  above  the  piston  to  occupy 
the  space  formerly  filled  with  air.    The  steam 
retreated  as  the  piston  rose,  and  was  after- 
wards utilized  beneath  the  piston.     Event- 
ually the  steam  was  regularly  inducted  above 
and  below  the  piston  alternately,  in  each  case 
giving  a  positive  pressure  ;  here  we  have  the 
doubie-ading  engine. 
A,  cylinder.  C,  piston-rod. 

Bf  piston.  (?,  pitman. 
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K^  main-shaft.  l^  hot-well. 

Z,  fly-wheel.  m,  feed-pump. 

P,  governor.  n,  pipe  to  feed-pump. 

a,  steam-induction  pipe,  o,  valves  to  feea-pump, 

6,  valve-chamber.  p,  feed-pipe  to  boiler. 

c,  valves.  r,  air-pump  cistern. 

d^  steam -eduction  pipe.  8,  eccentric-rod. 


e,  condenser. 
^,  injection-cock. 
h,  air-pump, 
i,  liischaT^-valve. 
Double-acting 

Fig.  1688. 


a;,  band  to  govemor, 
y,  bell-crai&     to     valve- 
motion. 
2,  governor-gearing. 
Pump.    One   which   throws 
water  at  each  stroke  ; 
^contradistinguished 
from  the  ordinary  lift- 
pump,  in   whicn  the 
bucket     only     raises 
water  at  the  up-stroke. 
In  the  upper  pump 
(Fig.  1693),  the  side 
chambers  have  each  of 
them    induction    and 
eduction  valves. 

In  the  lower  pump 
(Fig.  1693),  the  cylin- 
der has  induction  and 
eduction  ports  on  op- 
posite sides  E  F. 

Douiy  le-ao'tion. 
{Music,)  In  a  piano- 
forte movement,  an 
arrangement  of  a 
jointed  upright  piece 
at  the  back  end  of  the 
key,  used  to  lift  the 
hammer  instead  of  the 
stiff  wire  or  lifter  of 
the  single-action.  The 
piece  is  called  a  hopper ^ 
>  and  engages  in  a  notch 

on  the  under  side  of 
the  hammer  to  lift  it, ' 
but,  escaping  or  hop- 
ping therefrom,  allows 
the  hammer  to  fall 
away  immediately  from 
the  string. 

Doub'le-bar'- 
reled  G-un.  One 
having  a  pair  of  par- 
allel barrels  on  the  same 
stock  ;  sometimes  one 
is  a  rifle-barrel  and  the 
other  a  smooth-bore 
for  shot.    See  FowLiNO-PiECE ;  Fire-arm. 

Double-baBS.  {Afitsic.)  The  largest  and  low- 
est bass  instrument  of  the  stringed  instruments 
played  with  a  bow.     A  cmttrabaaao. 

Double-bead.  (Joinery.)  Two  beads,  placed 
side  by  side  and  separated  by  a  quirk.  See  Molding. 
Double-beat  Valve.  A  valve  so  arranged  that 
on  opening  it  pi-esents  two  outlets  for  the  water,  one 
at  a  and  the  other  at  6 ;  in  closing,  the  valve  c 
drops  upon  the  gun- metal  rings  d  e,  fixed  in  the 
seat  /,  which  is  of  cast-iron  ;  this  is  cast  with  a 
cylindrical  portion  (/,  which  serves  as  guide  to  the 
valve,  as  do  also  the  ribs  h  h,  i  is  a  cap  which 
limits  the  throw  of  the  valve. 

The  double-beat  vcUve  is  extensively  used  in  England 
for  deep  wells  and  for  high  lifts,  such  as  the  pumps 
of  mines  and  water-works.  It  is  so  called  from  tne 
fact  that  its  lower  edge  beats  upon  a  circular  seat  on 
the  lower  ring  d,  and  a  flange  on  its  upper  edge  upon 
a  ring  e,  on  the  upper  plate  of  the  yatve-seat. 


Cisan  external  valve  having  inclined  seats  des- 
titute of  rings  ;  Z>  is  an  internal  double-beat  valve. 

In  the  double-beat  or  equilibrium  valve  of  the  Cor- 
nish steam-engine,  steam  is  conducted  by  a  branch 
pipe  into  a  larger  perpendicular  pipe  between  two 
conical  valves  placed  in  it  and  connected  by  a  stem. 
When  the  valves  rest  on  their  seats,  the  steam  will 


Double-Acting  Pumps, 


^M^^^sN^-^ 


DoubU-Beat  Valves. 

exert  a  pressure  on  the  under  side  of  the  upper  valve, 
tending  to  raise  it ;  and  on  the  upper  side  of  the 
lower  one,  tending  to  keep  it  down  ;  these  two  pres- 
sures in  opposite  directions  thus  neutralizing  each 
other.  It  is  therefore  evident  that,  the  pressures  be- 
ing nearly  balanced,  but  a  small  amount  of  power 
is  necessary  to  raise  the  valves  from  their  seats,  and 
by  a  slight  opening  a  very  large  steam-way  is  af- 
forded. 

Double-bif  ted  Axe.  The  axe  has  two  oppo- 
site    bits     or 

blades.     It  is  «g.  1686. 

an  ancient 
form  of  battle- 
axe,  being  a 
favorite  weap- 
on with  the 
Franks  in  the 
time  of  Clo- 
taire,  seventh 
century,  and 
with  the 
Danes  in  the 
time  of  Alfred 
the  Great, 
ninth  cen- 
tury. 

It  is  also  shown  in  the  sculptures  of  Kamak,  in 
.t. 

e  battle-axe  of  the  Scythians  in  the  time  of 
Herodotus  was  double-bitted.  It  is  the  Sacan 
saffaris, 

Scylax,  an  historian  of  an  age  preceding  that  of 
Herodotus,  compared  Egypt  to  a  double-bitted  axe, 
the  neck  which  joins  the  two  heads  being  at  the 
narrow  part  of  the  valley  in  the  vicinity  of  Memphis. 

The  double-bitted  axe  is  found  in  the  tumuli  and 
barrows  of  North  America.     It  is  in  three  forms  : 

1,  with  a  circumferential  groove  for  the  occupation 
of  the  withe  or  split  handle  to  which  it  is  lashed  ; 

2,  with  an  eye  traversing  the  head  ;  8,  with  a  socket 
for  the  handle.   See  AxE ;  Battle-axe  ;  Hatchet. 

Double-^look.  (Nautical.)  A  block  with  two 
sheaves  which  are  ordinarily  placed-on  the  same  pin, 
but  rotate  in  separate  mortises  in  the  shelL 


Donble-BitUd  Axe, 
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Other  double-blocks  have  the  sheaves  arranged 
one  above  the  other.  See  Long-tackle  Block  ; 
Shoe-block  ;  Fiddle-block  ;  Sister-block. 

Douiyie-bodled  JBdi'oro-BCope.  A  microscope 
invented  by  Nachet,  to  enable  several  observers  to 
view  the  same  object  simultaneously.  The  rays 
from  the  objective  are  divided  bv  a  prism  ;  the  sepa- 
rated rays  received  by  two  otter  prisms,  and  the 
respective  pencils  directed  through  the  respective 
bodies  of  the  instrument.  The  principle  is  similar 
to  that  of  the  Binocular  Microscope  (which  see). 

Double-oap.  A  flat  (unfolded)  writing  or  book 
paper,  17  x  28  inches. 

Double-chia'eL    A  tool  with  tw^o  chis- 
Flg.  1696.  el-edges  to  cut  the  ends  of  a  mortise  simul- 

itaneously,  while  the  chip  extends  into  the 
depression  between  the  bits.  It  is  used  in 
mortising  sash-bars  for  windows. 

Double-oloth  Loom.  One  for  weav- 
ing two  sets  of  webs  simultaneously.  These 
may  be  connected  at  certain  parts,  and  cut 
apart  subsequently,  and  so  form  a  series  of 
under-garments. 

In  another  form,  the  two  webs  are  so 
Double-  knitted  as  to  form  a  tube,  being  joined  at 
Chisel  their  edges.     At  certain  intervals,  both  webs 
are  thrown  into  one  flat  web  of  double  thick- 
ness, and  then  again  separated,  forming  a  tube  as 
before.     The  completed  web  is  then  cut  apart  mid- 
length  of  the  doubled  portion,  and  also  mid-length 
of  tne  tubular  portion,  and  the  result  is  a  number 
of  bags  with  closed  bottoms. 

Double-oom'pass.  An  instrument  whose  legs 
are  prolonged  each  way  beyond  the  joint,  so  that 
either  pair  may  be  used  ;  when  the  legs  on  one  pair 
are  double  the  length  of  the  others,  it  answers  as  a 
biaeding-compass. 

Double-oon'oave  Lens.  A  lens  both  of  whose 
faces  are  concave.     See  Lens. 

Douiyie-oon'vez  Lens.  A  lens  both  of  whose 
sides  are  convex,  though  they  may  difler  in  the  radii 
of  their  curves.  When  the  difference  is  as  6  to  1, 
it  is  a  crossed  lens.     See  Lens. 

Double-out  File.  One  which  has  two  rows  of 
teeth,  crossing  e^ch  other  at  an  angle,  in  contradis- 
tinction to  the  tnngle'Cui  or  flocU,  which  has  but  one 
row. 

Doubleroyl'in-der  Press.  *  {Printing.)  A 
press  with  one  form,  and  receiving  paper  from  two 
cylinders. 

Double-oyl'in-der  Prinf  ing-ma-ohine'.  A 
printing-press  in  which  the  form  is  placed  on  a  flat 
bed  and  the  impression  taken  by  two  cylinders,  eacb 
of  which  alternately  takes  a  sheet  and  receives  an 
impression  from  the  form  while  it  is  passing  under 
them. 

Double-oyrin-der  Pump.  One  having  two 
cylinders  in  which  the  pistons  act  alternately.  They 
may  be  single-acting  or  double-acting,  that  is,  the 
cylinder  may  receive  and  deliver  water  at  and  from 
each  end.  The  pumps  of  Hero  of  Alexandria,  150 
B.  c,  were  all  single-acting,  but  one  of  them  at  least 
bad  a  double  cylinder. 

DouOjle-oyl'in-der  Steam-en'gine.  A  form 
of  engine  having  two  communicating  cylinders  of 
varying  capacities  ;  there  are  many  modiflcations  in 
the  arrangements  and  modes  of  application  of  the 
steam. 

The  flrst  engine  of  this  character  was  that  of 
Homblower,  in  which  two  piston-rods  were  con- 
nected to  the  same  arm  of  the  walking-beam,  but  at 
different  distances  from  its  center  of  oscillation.  As 
usually  understood,  the  doubWcylinder  engine  in- 
volves the  use  of  the  same  steam  in  two  cylinders 


consecutively  ;  first  at  a  relatively  high  pressure  in 
a  smaller  cylinder,  and  then  at  a  lower  pressure  in  a 
lareer  cylinder. 

Working  steam  expansively  was  invented  by 
Watt  and  introduced  in  1778. 

Horn  blower's  expansive  engine,  patented  in  1781, 
had  t^'o  cylinders,  of  different  size^  their  respective 
piston-rods  being  connected  to  the  working-beam. 
An  amount  of  steam  of  the  capacity  of  the  smaller 
cylinder  was  expended  at  each  stroke,  the  upper 
part  of  the  said  cylinder  receiving  live  steam  from 
the  boiler,  and  the  lower  part  communicating  with 
the  space  above  the  piston  of  the  larger  cylinder, 
where  it  was  used  expansively. 

Homblower's  engine  occupies  one  notable  point 
in  the  history  of  the  steam-engine,  but  was  not 
adopted  to  any  great  extent. 

Wolf,  in  his  English  patent  of  1804,  improved 
the  arrangement,  and  his  may  be  considered  the 
progenitor  of  the  numerous  compound  and  duplex 
steam-engines  which  have  proved  so  successful.  See 
also  Tippetfs  English  patent,  1828. 

This  form  of  engine  is  extensively  used  in  France, 
and  the  monster  pumping-engines,  with  144-incli 
cylinders,  erected  for  draining  the  Haarlem  Mere, 
from  the  designs  of  Gibbs  and  Dean,  have  double 
cylinders,  one  within  the  other,  the  outer  being 
fitted  with  an  annular  piston.     See  Drain ino-en- 

OINE. 

Maudslay  and  Field's  double-cylinder  steam-en- 
^ne      (English) 

18  a  form  of  en-  Wg-  WW. 

gine  having  two 
cylinders,  each 
of  half  the  area 
necessary  for  the 
intended  power, 
combined  so  as 
to  form  one  en- 
gine, and  placed 
.80  far  apart  as  to 
leave  a  space  be- 
tween them  for 
the  connecting- 
rod,  and  the 
lower  end  of  the 
T-shaped  cross- 
head,  to  which 
the  connecting- 
rod  is  attached. 
The  piston-rods 
are  attached  to 
the  horizontal 
extremities  of  MamUlaif  and  FieUTs  DovbU-Osftirndtr 
the   T  cross-  Sieam-Engine. 

head,  whereby  the  combined  action  of  both  pistons 
is  applied  to  one  crank  of  the  paddle-shaft. 

In  the  illustration,  a  a  are  the  two  connected 
working-cylinders,  worked  simultaneously  by  one 
slide-valve  in  the  chamber  k.  6  d  are  the  piston- 
rods,  the  upper  ends  of  which  are  attached  by  keys 
to  the  cross-head  c  c  c.  At  the  lower  end  of  the 
cross-head  is  a  slider  d  working  between  guides  fixed 
on  the  outer  surfaces  of  the  cylinders.  To  this  slider 
d  one  end  of  the  connecting-rod  /  is  attached,  the 
other  end  of  that  rod  being  attached  to  the  crank  of 
the  propeller-shaft.  The  air-pump  i,  feed-pump,  and 
bUge-pump  are  worked  by  the  lever,  which  is  con- 
nectea  to  the  slider  4  by  the  rod.  m  is  the  skylight 
of  the  engine-room,    n  is  a  deck -beam. 

This  is  one  form  of  direct-action  steam-engine,  and 
was  designed  to  obviate  the  use  of  a  beam. 

Fig.  1698  shows  an  arrangement  in  which  two 
cranks  on  the  same  shaft  and  of  different  radii  art 
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Fig.  1088 


Huntoon^s  Engitu. 

respectively  attached  to  pistons  of  varying  diameter 
working  in  cvHuders  where  the  steam  is  used  direct- 
ly in  one  and  afterwards  expansively  in  the  other. 

In  Fig.  1699,  the  cylinders  are  alongside  each 
other.  The  rods  of  the  nistons  of  the  respective 
cylinders  are  united  to  the  cranks,  which  have  a 
relative  angle  of  180"  on  the  same  shaft.     Steam  ad- 


Washbwm^s  Steam^Bngine. 

mitted  above  the  smaller  piston  is  used  directly,  and, 
the  valve  being  raised,  is  cut  off ;  and  the  annular 
space  between  the  two  disks  forms  a  means  of  con- 
veying the  steam  below  the  said  piston,  where  it  in 
equalized  as  to  its  effect  on  that  piston,  and  above 
the  Ifi^r  piston,  where  it  is  utilized  expansively. 
In  Fig.  1700,  the  smaller  cylinder  is  contamed 

ng.  1700. 


Davenpcrt^s  Steam-Engine 


within  the  larger.     The  outer  piston  is  a  cylinder 
whose  two  heads  are  packed  in  the  main  cvlinder. 
The  steam  is  received  through  a  hollow  fixed  piston 
within  the  larger  piston.     An  axial  pipe  conducts 
the  steam  thereto.     The  steam  first  acts   on    the 
inner  side  of  the  outer 
piston-head,    and     ex- 
nausts    to   act    expan- 
sively on  the  outer  end 
of  the  outer  piston.     It 
then  passes  Uirough  the 
annular  space  between 
the   side  of  the   outer 
piston    and    the  main 
cylinder  to  the  exhaust- 

ports. 

In  another  form  the 
steam,  after  acting  at  a 
high  pressure  against  the  piston  in  the  upper  cylin- 
der, is  allowed  to  escaiie  to  work  against  tne  lai-ger 
piston  at  a  less  relative 
pressure     i)er     square  ^- 1"01. 

inch.  The  valves  are 
connected  so  as  to  time 
I  the  movements,  and  the 
steam  acta  alternately 
above  both  pistons  and 
then  below  both  pistons 
to  combine  the  effects  of 
the  steam  in  the  respec- 
tive cylinders. 

In  Ellis's  bisulphide 
of  carbon  engine,  the 
heat  of  the  exhaust- 
steam  from  one  cylinder 
is  made  to  boil  the  bi- 
sulphide of  carbon, 
whose  vapor  is  used  in 
the  second  cylinder. 
See  also  Cijm  pound- 
enoink;  Duplex  d 
Steam-engine,  etc.       | 

Doub'le-dag'ger.  z 
(Printing. )  A  reference-  Prose^s  Steam-Engine. 

mark  (J)  next   to   the 
da^er  (t)  in  order.     Otherwise  called  a  diesis. 

Double-door.  Two  pairs  of  folding-doors, 
hun^  upon  the  angles  of  the  aperture  and  each  swing- 
ing inward  so  as  to  open  against  the  reveal.  The 
inner  pair  is  frequently  covered  with  baize. 

Dou^le-d'or.  A  French  style  of  jewelry  ;  a 
plate  of  gold  is  soldered  upon  one  of  copper,  the  re- 
iipective  thicknesses  being  1  and  11  ;  the  plate  is 
then  thinned  by  rolling,  and  worked  up  into  the  re- 
quired form. 

Double-drilL  A  drill  with  two  cutters,  mak- 
ing a  countersunk  hole,  so  that  the  head  of  the  screw 
or  rivet  placed  therein  shall  not  protrude. 

Double-draw'ing  Pen.  A  draftsman's  pen  to 
rule  two  lines  at  once. 

Double-drum.  (M^isic.)  A  large  drum  beaten 
at  both  ends.  In  contradistinction  to  other  drums 
in  which  but  one  head  is  beaten  ;  as,  sidCf  snare, 
and  kettle  drums.     See  Drum. 

Double-el'e-phaxit.  A  size  of  drawing  or  flat 
writing-paper,  measuring  26  x  40  inches. 

Double-end'ed  Bolt  A  bolt  having  a  screw- 
thread  on  each  end  for  receiving  a  nut.  It  is  used  for 
binding  together  three  parts  or  pieces  independently 
of  each  other.     (See  5,  Fig.  768.) 

Double-ez-pan'sion  Steam-en'gine.  A  form 
of  engine  in  which  steam,  admitted  to  act  upon  a 
piston  of  relatively  small  area  and  cut  off  at  a  cer- 
tain part  of  the  stroke,  so  as  to  work  expansively 
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Pig.  1702. 


DoubU-FiU*. 


from  that  point  to  the  end  of  the  stroke,  is  then  ad- 
mitted to  the  face  of  a  larger  piston,  where  it  under- 
goes a  farther  expansion.  Such  is  the  Allen  engine 
(English),  which  has  a  large  trunk-piston  having 
two  annular  steam-spaces  between  the  trunk  ana 
cylinder,  affording  two  annular  pistons  of  relatively 
small  area  ;  the  ends  of  the  trunk,  which  are  of  larger 
area,  constituting  two  other  piston-heads  to  receive 
the  force  of  the  steam  at  the  second  expansion.  See 
also  Double-cylinder  Steam-engine. 

Double-faced.  {Joinerj/.)  A  term  applied  to 
an  architrave,  or  the  like,  having  two  faces. 
Double-file.  A  comi>ound  tile  (a)  made  of  two 
ftles  riveted  together,  one  edge 
projecting  l)eyond  that  of  the 
other.  Used  by  cutlers  and 
gun -makers  in  checkering  their 
work,  as  on  the  small  of  the 
gun-stock. 

Cooper's  double-file  {b)  is 
used  tor  sharpening  pencils, 
etc. 

Double-flu'id  Bat'ter-y. 
A  galvanic  battery  in   which 

>  two  fluids  are  used  as  exciting 
liquids.     They  are  kept  apart 

>  bjf  a  porous  cup,  as  in  the 
DanielVs  battery,  orbygi-avity, 
as  in  Callaud's  (see  infra). 
Daniell  was  the  inventor  of 
this  form  of  battery,  and  re- 
ceived therefor  the  "Copley" 
medal  of  the  Royal  Society  in 

1837.  He  used  sulphuric  acid  in  a  porous  cup  placed 
in  a  glass  cup  containing  sulphate  of  copper. 

Buusen's,  Grove's,  and  Callaud's  are  also  double- 
fluid  batteries.  The  name  is  used  in  contradistinction 
to  the  single-fluid  batteries,  such  as  the  original 
Volta,  the  Cruikshank,  Babbington,  and  Wollas- 
torf. 

The  gravity-battery  is  a  double-fluid  batteiy  in 
which  uie  porous  cup  is  dispensed  with,  the  ditt'er- 
ence  in  the  specific  gravity  of  the  fluids  used  keeping 
them  separate.    Often  called  the  **  Callaud  batteiy, 
after  the  name  of  the  inventor. 

Doub'le-floor.  {Carpentry.)  One  in  which  both 
binding  and  bridging  joists  are  employed.  A  double- 
framed  floor. 

Double-fur'row  Plo-w.  One  striking  two  fur- 
rows at  once.     A  gang  or  doable  plow. 

Doub'le-fat'tooks.  (Shipbuilding.)  Timbers 
in  the  cant-bodies  extending  from  the  dead  wood  to 
the  run  of  the  second  futtock-head. 

Double-gear.  The  nests  of  variable-8i>eed  gear- 
wheels in  the  head -stock  of  a  lathe.  Ba^-gear. 
Doable  Oear-wheeL  A  wheel  wlii(;h  has  two 
sets  of  cogs  of  varying 
diameter  ;  these  may  drive 
two  pinions,  or  be  driven  of 
one  and  drive  the  other.  In 
the  example,  the  wheel  j 
drives  the  two  pinions  /  g. 
The  cover  k  is  shown  as 
partially  broken  away  to  ex- 
pose the  inner  gear  and  the 
pinion  /. 

Double  Half-round 
Pile.  A  file  whose  sides  are 
curved,  the  edges  forming 
cusps  ;  the  arcs  of  the  sides 
being  much  less  than  180'. 
Ust*(l  for  dressing  or  crossing- 
I  out  balance  -  wheels,  and 
DoubU  Gear- Wheel        hence  knouii  as  a  cross-file. 


Fig.  1708. 


Fig.  1704. 


The  convex  edges  have  usually  different  curvatures. 
See  File. 

Double-ham'mer.  {Metallurgy.)  A  foiging 
device  for  operating  upon  a  bloom  or  ^rnddler's  ball, 
striking  it  upon  opposite  sides  simultaneously.  See 
Griiners  "Manufacture  of  Steel,"  Van  Nostrand, 
1872  ;  page  162  «/  seq.,  and  plates  v,  vi. 

Double-head^ed  RaiL  {Railroading.)  A  rail 
whose  edges  are  bulbous  and  counterparts,  so  that 
when  one  is  worn  the  other  may  be  placed  uppermost. 

This  rail  does  not  rest  so  securely  on  the  sleepers, 
having  no  flat  base  like  the  foot-rail,  or  bridge-rail^ 
but  requires  a  chair  on  each  sleeper.  This  greatly 
increases  the  expense  in  fastening  to  the  sleepers. 

Double-head'ed  Shot.  {Ordnance.)  A  projec- 
tile formerly  used,  consisting  of  two  shot  united  at 
their  bases. 

Double-head'ed  Wrench.  One  having  a  pair 
of  jaws  at  each  end,  one  diagonal  the 
other  right-angular.  The  shank  of 
each  outer  jaw  is  connected  to  the 
sleeved  inner  jaw  of  the  other  pair, 
the  sleeves  slipping  on  the  shanks  of 
the  jaws  to  which  they  are  opposed. 
The  double  threads  act  in  conjunc- 
tion, to  expand  or  close  each  pair 
simultaneously. 

Double-hung  Win'dow.  One 
with  two  sashes,  each  having  its 
complement  of  lines,  weights,  and 
pulleys. 

Double-im'age    Idi-crom^e- 
ter.    Suggested   by   Roemer  about 
1678  ;  brought  into  use  by  Bonguer 
about  1748.     It  is  formed  by  divid- 
ing diametrically  the  object-glass  of  ^  . 
a  telescope  or  microscope,  thestraight  C^""'^      T 
edges  being  ground  smooth  so  that            J —  1 
they  may  easily  slide  by  one  anoth-  .^^^^'""^      J 

er.     The  parts  are  sejiarable  by  a  ^ 

screw,  which  moves  an  index  on  a  DovbU-Headed 
graduated  scale.  A  double  image  French. 
of  the  object  in  the  field  of  view  is  produced  by  the 
separation  of  the  segments  ;  and  by  bringing  the  op- 
posite edges  of  the  two  images  into  contact,  a  meas- 
ure of  the  diameter  of  the  object  is  obtained  in  terms 
of  the  extent  of  the  sc{Miration.     A  heliometer. 

Double-im-pe'ri-aL  A  size  of  printing-paper 
32  X  44  inches. 

Double-joint'ed  Com'pass.    One  having,  in 
addition  to  the  main  joint,  additional  joints 
by  which  legs  may  be  bent  to  secure  a  proj)er  1g«  1706. 
presentation  of  the  feet  to  the  paper.  ,/^ 

Double-knife.  A  knife  having  a  pair  ^^ : 
of  blades  which  may  be  set  at  any  regulated  ^*  C 
distance  from  each  other,  so  as  to  obtain  thin 

Wg.  1706. 


I 


DoMe-Knife. 


sections  of  soft  bodies.     One  form  of  this  is 
known  as  Valentin's  knife,  from  the  inventor. 

Double-let'ter.    {Printing.)    Two  let- 
ters on  one  shank,  as  Jf,  Ji. 

Double-Ught.  A  varietv  of  light  as  dis- 
played for  the  warning  and  instruction  of  i 
mariners  from  lighthouses.  The  light  indi- 
cates land,  rock,  or  shoal,  and,  by  varying 
the  characteristics  of  the  light,  the  seaman 
is  informed  of  the  part  of  the  coast  he  is  on,  jUSH 
and  of  his  bearings  as  to  his  port  or  course,  c^mptst. 
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The  other  characters  of  liffht  are  known  as  Jixedf 
rtwAving,  intermiUerU,  flashing,  colored.  These  are 
Tariously  combined. 

The  doable-light  is  usually  exhibited  from  two 
towers.  One  of  these  is  sometimes  higher  than  the 
other.  The  duplication  of  the  lights  affords  a  leading 
Une  as  a  guide  to  a  channel,  as  well  as  furnishing  an- 
other mode  of  varying  the  lights  on  a  coast  where 
they  are  numerous.     See  Light. 

Douiyie-line.  {Harness.)  a.  A  form  of  driv- 
ing-lines or  reins  in  which  supplementary  reins  are 
anorded,  which  may  be  brought  into  use  in  emer- 
l^ency,  such  as  an  attempt  to  bolt.  In  some  cases 
it  is  an  extra  rein  to  pull  the  horses*  heads  together ; 
a  rein  to  pull  a  hood  over  the  eyes  of  a  horse  ;  a  gag- 
rein  to  pull  the  bit  violently  into  the  corners  of  his 
mouth  ;  a  choking-rein  around  the  throat ;  a  gripper 
on  the  muzzle  ;  shutters  on  the  nostrils,  etc. 

b.  A  description  of  driving  reins  or  lines  in  which 
each  main  branch  has  a  check-line  to  the  bit  of  the 
other  horse.  Distinguished  from  the  Western  team- 
ster's singU'line. 

Double-lock.  A  canal-lock  having  two  parallel 
chambers  connecting  by  a  sluice.  Each  chamber  has 
a  gate  at  each  end  connecting  with  the  upper  and 
lower  pounds  resi)ectively.  The  object  is  to  save  one 
half  the  water  that  would  be  used  in  locking  boats. 

Double-mar'gin  Door.  {Joinery.)  One  framed 
in  imitation  of  folding-doors,  the  central  style  being 
made  double  with  an  intervening  bead. 

Double-me^di-um.  A  size  of  printing-paper 
24  X  38  inches. 

Double-mold'board  Plow.  {Agriculture.) 
A  plow  having  a  moldboard  on  eacn  side  of  the 

Fig.  1707. 


which  may  be  pro- 
duced from  either 
the  warp  or  weft. 
See  Crompton's  pa- 
tent, January  31, 
1871. 

Doub'le-piB'- 
ton  Pump.  One 
which  works  two 
pistons  from  a  sin- 

?le  lever  or  handle, 
t  may  be  double  or 
single  acting  as  to 
the  separate  pistons. 
In  Fig.  1708  the 
pistons  are  effective 
alternately,  each 
upon  its  up  stroke. 
One  bucket  slides  on 
the  rod  of  the  other. 
The  lever  gives  re- 
ciprocating rotation 
to  the  pinion  a 
which  works  the 
racks  h  c,  which 
back  against  rollers 
d  d\  g  h&ve the  up- 
per rod  and  bucket, 
p  and  e  /  the  lower 
pair,  i  is  the  lower 
valve ;  j  the  induc- 
tion-pipe. 

Another  form  is 
shown  in  Fig.  1709, 


DoMe-Moldboard  Plow. 

shethy  so  as  to  throw  the  soil  away  right  and  left. 
It  is  used  in  hilling  up  crops,  such  as  potatoes  and 
cabbages.  Not  used  for  com  ;  the  rows  are  too  wide 
apart. 

A  double-moldboard  plow  was  used  by  the  Romans 
in  ribbing  the  ground  for  wheat.  This  left  the  ground 
in  ridges  whose  summits  were  seeded  by  hand-drill- 
ing. 

Double  Pi'oa.  (Printing,)  A  size  of t}'pe double 
the  hight  of  Pica. 

Double  Pica. 

Great  Primer. 

English. 

Pica. 

Small  Pica. 

Double-piled  Fab'rio-loom.  One  in  which 
a  pile  is  formed  on  both  sides  of  the  faundalion,  and 


in  which  the  pistons 
are  fast  on  the  same 
rod  and  reciprocate 
in  their  respective 
cylinders,  which  are 
divided  by  a  dia- 
phragm. The  pumps 
are  independent, 
therefore,  except  as 
the  pipes  may  con- 
nect ;  and  may  be 
utilized  for  pump- 
ing fluids  from  two 
sources  and  deliver- 
ing them  together 
or  separately. 

Double  Pls'- 
ton-rod  En'gine. 
A  direct-action 
steam-engine  in- 
vented by  Maudslay 
and  Field,  London, 
and    designed     for 


Double- Piston  Pump. 
Fig.  1709. 


DoubU'Pislon  Pump. 
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vessels  of  low  draft  and  shallow  holds,  without  ex- 
posing the  machinery  above  deck.  It  is  one  of  the 
numerous  attempts  to  avoid  the  use  of  a  beam  or 
side-lever.     See  Direct-action  Steam-engine. 

The  double  piston-rod  eiigine  has  two  piston-i'ods 
to  each  piston,  the  center  of  the  cylinder-cover  is 
plain,  and  this  allows  the  crank  when  lowest  to 
barely  clear  the  said  cover,  thus  saving  the  depth 
of  a  stuffing-box.  The  two  piston-rods  issue  from 
opposite  apertures,  but  neither  in  the  longitudinal 
nor  transverse  line  of  the  ship.  It  is  said  to  afford 
the  shallowest  arrangement  yet  known  with  no  beam 
above  deck,  and  is  used  on  the  Rhone,  the  Indus, 
and  the  Sutledj. 

Double-piB'ton  Square-en'giiia    An  engine 

Kg.  ino. 


der  through  openings  C,  whenever  they  are  uncov- 
ered by  the  valve  X,  Through  the  same  ofienings 
the  exhaust-steam  escapes,  not  into  the  valve-box, 
but  into  the  annular  channel  U  through  the  annular 
countersink  M.  The  exhaust-steam  escapes  by  pas- 
sages indicated  by  dotted  lines  leading  to  the  open- 
ings H  J7,  and  thence  by  passages  to  a  common 
eduction-pipe.  The  valve-jdate  X  is  fitted  to  the 
eccentric  L  on  the  center-pin  />,  and  this  eccentric 
is  carried  around  by  a  stud  S  in  the  end  of  the  crank, 
which  enters  an  arm  on  the  other  side  of  the  plate, 
for  which  space  is  made  in  the  central  circular  recess 
of  the  smaller  piston.  The  valve  is  in  contact  by  its 
circimiference  with  the  interior  cylindrical  surface  of 
the  valve-box,  on  which  it  rolls  during  its  revolu- 
tion, and  it  opens  and  closes  the  steam-ports  succes- 
sively as  it  passes. 

Double  Plane-i'ron.  {Wood-toorking,)  A 
smoothing-plane  iron  having  a  counter-inm  to  bend 
up  the  shaving  in  working  cross-grained  stuff. 

Double-plo^v^.  1.  'Die  double-plow,  in  which 
a  shallow  share  preceded  the  deeper-running,  longer 
plow,  originated  in  England,  where  it  is  known  as 


Fig.  1711. 


^ 


Roors  Double-Piston  Squar«-Engine. 

having  two  square  pistons  at  right  angles  to  and  one 
within  the  other.   Fig.  1710 
shows    the    arrangement; 
the  larger  or  external  is  in 
the  form  of  a  rectangular 
frame,  working  horizontal- 
ly within  a  box  of  similar 
form,  and  is  marked  E.     The  smaller,  marked 
F,  works  vertically  within  E.     Through  the 
center  of  F  passes  the  crank  D,  which  is  car- 
ried around  by  the  simultaneous  action  of 
both  pistons.    The  smaller  piston  F  and  crank 
D  are  shown  separately.     T  is  an   outside 
view  of  the  cover  which  closes  the  steam -box 
or  cylinder,  the  circular  chamber  being  the 
valve-box  /,  which  is  closed  by  another  plate  screwed 
over  it.     The  steam  is  admitted  at  K,  passes  by  a 
hidden  passage  to  the  valve-box  /,  and  to  the  cylin- 


BGehigan  DombU-Ptow, 

the  skim-coUer  plow.  This  has  a  share  attached  to 
the  colter  to  turn  down  the  top  soil  with  its  weeds 
and  trash,  to  be  covered  with  the  main  furrow-slice, 
which  is  turned  over  by  the  larger  plow  following. 

In  England  and  in  the  Unitxjd  States  another  form 
of  this  plow  has  been  used  in  which  the  precedent 
portion  is  not  merely  a  flange  on  the  colter,  but  is  a 
regular  moldboard  plow  of  small  proportions,  higher 
than  and  in  front  of  the  main  plow.  This  is  knovm 
in  Ohio  as  the  *'  Michigan  double-plow,"  and  is  an 
efficient  implement  reouiring  four  horses. 

2.  The  double-plow^  na\'ing  two  plows  to  one  stock, 
or  two  stocks  framed  together  so  as  to  have  but  one 
pair  of  handles  and  be  operated  by  one  man,  is  men- 
tioned by  Walter  Blythe,  who  wrote  during  the  pro- 
tectorate of  Oliver  Cromwell.     See  Gano-plow. 

Doub'ler.  1.  {EUctricUy,)  An  instrument  to 
increase  the  least  conceivable  quantity  of  electricity 
by  continually  doubling  it,  until  it  becomes  per- 
ceptible upon  a  common  electrometer  or  is  made  visi- 
ble in  sparks. 

It  was  first  invented  by  Bennet,  improved  by 

Fig.  rm. 


EHgiuh  l>oubU'Bow. 

Darwin,  and  afterwards  by  Nicholson.  See  "Jour- 
nal of  the  Telegraph,"  Vol.  VI.,  No.  1,  December 
2,  1872. 
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2.  {Distilling.)  A  part  of  the  still  apparatus^  or 
au  appendage  to  a  still  in  which  the  low  wines^  one 
of  the  products  of  the  first  distillation,  are  re-dis- 
tilled. The  operation  is  a  turning  back  and  repeat- 
ing, and  is  known  as  doubling.  A  part  of  the  still 
is  arranged  to  condense  and  then  intercept  and  re- 
turn the  less  volatile  vapors,  while  those  of  greater 
tenuity  pass  on. 

8.  {Fiber.}  A  machine  in  which  slivers,  stricks, 
or  filaments  of  wool,  cotton,  flax,  or  silk  are  laid 
together,  to  he  drawn  out  and  again  doubled  and 
drawn  to  remove  inequalities,  or,  in  the  case  of  silk, 
to  increase  the  thickness  of  the  strand.  See  Doub- 
ling. 

4.  {Calico-printing. )  A  blanket  or  felt  placed  be- 
tween the  cloth  to  be  printed  and  the  printing-table 
or  cylinder. 

Double-re-frao'tion  Mi-crom'e-ter.  The 
Abb^  Rochon  first  applied  the  principle  of  double 
refraction  to  micrometrical  measurements.  His  in- 
strument had  two  piisms  connected  together  so  as  to 
form  a  single  crystal.  The  prisms  are  so  disposed 
that  the  face  of  the  first  is  perpendicular  to  the  axis 
of  the  crystal,  while  in  the  second  the  axis  is 
parallel  to  the  line  of  intersection  of  the  two  faces, 
so  that  the  axes  of  crystallization  of  the  two  prisms 
.  are  at  right  angles  to  each  other.  The  prisms  are 
'  placed  in  perfect  contact  and  cemented  by  mastic, 
and  together  form  a  plate,  the 
opposite  sides  of  wnich  are 
parallel.  - 

As  the  ray  enters  the  sec- 
ond prism  the  ordinary  ray 
pas.ses  on,  and  the  extraor- 
dinary ray  is  refracted.  The 
angle  of  divergence  of  the 
rays  is  constant  in  the  same 
prism,  and  is  determined  by 
experiment. 

The  apparatus  is  placed  in 
the  tube  of  a  telescope,  where 
it  may  be  slipped  back  and 
forth.  The  determination  of 
the  diameter  of  the  object  is 
obtained  by  bringing  the 
images  in  contact. 

Double-roy'aL  A  size 
of  printing  paper  26  x  40 
inches. 

DoubleHEiaw.    A  stock 


having  two  blades  at  a  regulated  distance,  adapted 
to  cut  kerfs  and  space  the  intervals,  as  in  comb-cut- 
ting.    See  Comb. 

Doub'Ie-seam'ing  BAa-obine'.    A  tool  or  ma- 
chine for  lapping  the  edges  of  sheet-metal  one  over 


Doitble-Seamer 

the  other,  and  then  doubling  over  the  lapped 
portions  so  as  to  preclude  the  possibility  of  the 
portions  slipping  apart.  The  seaming  process  ap- 
pears in  Fig.  1713,  where  a  represents  a  can  top  and 
lid  simply  laid  together  ;  b  shows  the  two  parts 
turned  over ;  c  shows  the  outer  portion  recurved 
over  the  inner  one. 
d,  in  the  same  figure,  shows  the  parts  of  a  seam 


Fig.  ITia 


'^ 
^ 


li 


\i 


■iUl|■i^9 


DowbU-Staming  Maekine. 


Roof-SearAing  Machine, 


with  an  intervening  strengthening  strip ;  e  /  are 
two  farther  conditions  of  the  same  joint,  with  a  rivet 
to  secure  the  parts  in  position  ;  gr  is  a  view  of  the 
machine  on  which  the  liending  a  b  c  is  done  by  a 
succession  of  disks,  cone-rollers,  and  clamping-rollers. 
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DOUBLE-TREE. 


Fiff.  1714  is  another  double-seaming  machine  in 
which  the  compressing  disk  H  is  joumaled  on  top 
of  the  standard,  and  is  brought  into  coi\junction 
with  the  vertical  disk  G  on  which  the  pan  or  can 
rests,  and  is  revolved  by  the  crank  E. 

Double-seaming  machines  for  rooting  have  a  num- 
ber of  consecutive  pairs  of  rollers  which  are  run 
along  the  upturned  edges  of  the  adjacent  sheets  so  as 
to  lap  one  over  the  other,  bend  the  two  and  press  the 
folded-over  part  against  the  standing  part.  In  Fig. 
1715  a  shows  the  machine  in  isometric  projection,  a 
series  of  transverse  sections  being  made  to  show^  the 
different  pairs  of  rollers  in  the  succession,  b  shows 
one  of  the  rollers  detached  and  also  sectioned  to 
exhibit  the  structure,  c  d  efg  A  is  a  series  of  the 
pairs  of  rollers  on  an  enlarged  scale,  and  showing 
the  successive  shapes  assumed  by  the  edges  of  the 
tin  plates. 
Double-Beat  Valva  Perhaps  another  name 
for  the  double-beat  valve,  and 
Fig.  1716  the  more  appropriate   term  of 

the  two. 

The   aperture    a  is  beveled 
3   around  to  form  the  usual  valve- 
seat,     e  c  are  two  of  five  or  six 
thin  vertical    plates   radiating 
from  the  center  and  supporting 
the  flat    disk   6,    the   edge   of 
which  is  also  beveled  conical ly 
1    to  form  a  second    seat.     The 
valve  itself  is  a  bulging  cylinder 
d,  open-ended,  and  shuts  down 
upon  both  these  seats.     The   effective  pressure  on 
the  valve  is  only  as  the  difference  in  the  areas  of  the 
two  seats.     A  bar  across  the  top  receives  the  ralve- 
rod,  which  passes  through  a  stufling-box.     The  valve 
being  opened,  the  steam  enters  at  two  ways,  and  a 
large  effective  opening  is  instantaneously  afforded. 
See  DouBLE-BKAT  Valvb. 

Double-Bhov'el  Plow.  A  plow  for  tending 
cix)ps,  and  having  two  small  shovels  on  as  many 
sheths.     They  are  arranged  a  little  distance  apart, 

Pig.  1717 


Double- Shovf I  Plow. 


and  one  a  little  behind  the  other.  The  left-hand 
plow  is  a  little  in  the  rear  when  the  right  is  specially 
en^ged  in  working  the  crop. 

Double-Bpeed  Pulley.  A  contrivance  for 
giving  what  is  termed  dotible  speed  to  the  spindles 
of  the  self-acting  mule.  On  the  spindle  a,  which 
receives  the  motion,  are  three  dnims,  bed;  of 
these,  b  is  fast  on  the  spindle,  c  is  loose,  and  d  also 


loose,  but  connected  with  the  pinion  e,  which  works 
into  the  spur-wheel  /,  fixed  on  the  spindle  ^,  to 


Fig.  1718. 


which  the  motion  is  to  be  communicated.  On  the 
spindle  a  is  fixed  the  spur-wheel  A,  which  works 
into  the  pinion  i,  likewise  fixed  on  the  spindle  g. 
"When  the  belt  from  the  driving  drum  A:  is  on  6,  it 
communicates  a  fast  motion  to  the  spindle  g  ;  when 
on  c,  the  machine  is  out  of  gear,  and  w^hen  on  d  it 
imparts  a  slow  motion  to  g. 

Double  Bu'per-roy'aL  A  size  of  printing- 
paper  27  X  42  inches. 

Double  Steam-en'gine.  A  steam-engine  which 
has  two  cylindei-s  acting  coiucidently  or  alternately. 
Two  double-acting  oscillating  cylindei-s,  acting  upon 
a  two-cranked  shaft,  work  coiucidently,  and  form  a 
r/wt^/e- engine.  Leopold's  engine,  about  the  middle 
of  the  last  century,  was  a  double-engine,  a  du])lica- 
tion  of  the  Newcomen  atmwpheric-engine.  It  had 
two  cylinders,  each  working  its  own  pump,  and 
operating  alternately.  The  double  steam-engine 
(Leopold's)  preceded  the  double-acting  (Watt's). 
See     DOUBLK- CYLINDER     StEAM -ENGINE  ;     DuPLEX 

Steam-engine. 

Doublet.  1.  {Optics.)  An  arrangement  of  lenses 
in  pairs,  invented  by  Wollaston.  It  consists  of  two 
plano-convex  lenses  having  their  focal  lengths  in  the 
proportion  of  one  to  thn^e,  or  nearly  so,  and  placed 
at  a  distance  determinable  by  exjieriment.  Their 
curved  sides  are  placed  towards  the  eye,  and  the 
lens  of  shortest  focal  length  towards  the  object. 

It  is  a  reversal. of  the  Huyghenian  eye-piece,  and 
its  object  is  similar,  — to  con-ect  spherical  aberration 
and  chromatic  dispei-sion.  The  stop  placed  between 
the  lenses  intercepts  extreme  rays  tnat  might  mar 
the  perfection  of  the  image.  An  amplification  of 
the  idea  is  called  a  Triplet  (which  see).  See  also 
Lens. 

Sir  John  Herschel's  doublet  consists  of  a  double 
convex  lens  having  the  radii  of  curvature  as  one  to 
six,  and  of  a  plano-concave  lens  whose  focal  length 
is  to  that  of  tne  convex  lens  as  thirteen  to  five.  It 
is  intended  for  a  simple  microscope,  to  be  used  in 
the  hand.     See  Lens. 

2.  A  factitious  gem  made  with  a  colorless  front 
and  a  colored  back,  cemented  together  by  clear 
mastic  on  the  line  of  the  girdle. 

Double-tang  File.  A  file  with  a  tang  at  each 
end,  to  adapt  it  to  receive  the  handles. 

Double-tree.  The  bar  which  is  pivoted  to  the 
tongue  of  a  carriage,  wagon,  or  sled,  or  to  the  clevia 
of  a  plow  or  other  implement.  To  the  ends  of  the 
double-tree  the  single-trees  are  attached,  and  to  the 
ends  of  the  single-trees  the  traces  are  connected. 

The  double-tree  varies  in  shane  with  the  descrip- 
tion of  vehicle,  but  ha^  such  a  length  that  its  ends 
are  immediately  behind  each  horse,  so  that  the  traces 
of  the  animal  may  pull  squarely  upon  them  through 
the  medium  of  the  single-trees. 
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In  wagons,  the  doable-tree  is  attached  to  the  tongue 
by  means  of  a  bolt  called  the  ivaa(m'?iam7ner,  upon 
which  it  swings  as  one  or  the  other  horse  pulls  the 
more  strongly  upon  it. 

Near  the  ends  of  the  double-tree  and  behind  it  are 
loops  for  the  stay-chains,  which  are  connected  to 


Fig.  1719. 


Double  and  SingU  TYees. 

hooks  in  front  of  the  fore-axle,  so  as  to  limit  the 
sway  of  the  double-tree. 

For  plowing  and  similar  duty,  the  double-tree  is 
sometimes  arranged  with  thr**e  clevises  ;  by  the  mid- 
dle one  it  swings  from  the  clevis  of  the  plow  or  cul- 
tivator, and  by  the  end  clevises  the  single-trees  are 
attached. 

Douiyie  Wa'ter-^v^heeL  An  arrangement  of 
two  water-wheels  on  one  shaft,  as  in  the  case  of  a 
double-headed  turbine,  which  has  a  wheel  at  each 
end  of  a  horizontal  shaft. 

Double-'win'dO'W.  One  having  two  sets  of  sash, 
inclosing  a  body  of  air  as  a  non-conductor  of  heat 
and  to  deaden  noise. 

Donbling.  1.  The  second  distillation  of  loio 
%Dmcs.  These  are  the  product  of  the  first  distillation, 
and  contain  about  one  fifth  alcohol. 

2.  The  double  course  of  shingles  or  slates  at  the 
eave  of  a  house. 

3.  (Cotton  or  Wool,)  Bringing  two  or  more  slivers 

of  fiber  together 
Fig.  1720.  .    and    forming 

them  into  one  of 
greater  thick- 
ness, to  be  again 
reduced  by 
drawing ;  thus 
obtaining  a  sli- 
ver of  uniform 
thickness. 

The  slivers 
from  the  card- 
ing-machine, 
eacn  in  its  sep- 
arate can  a  a, 
are  conducted 
I      ff  -iLi..rf^  between       one 

^   i»  pair  of  rollers  6, 

which  causes 
them  to  .coa- 
lesce ;  then 
through  a  second  pair  c,  revolving  at  an  increased 
speed,  which  draws  out  and  lengthens  the  sliver,  and 
then  through  a  third  pair  rf,  which  still  attenuates 
the  sliver.  The  operation  is  repeated  as  often  as 
may  be  necessary  to  correct  every  inequality  in  the 
thickness  of  the  sliver. 

The  next  process  is  roving,  which  is  also  performed 
by  dravnTig-rollers ;   but  as  the  sliver  has  oecome  so 


DoMMtng. 


reduced  in  tliickness,  it  receives  a  slight  twisting,  to 
enable  it  to  hold  together.  This  was  formerly  ob- 
tained by  giving  a  rapid  revolution  to  the  receiving- 
can  e.     See  RoviNO  ;  Drawing. 

4.  {Flax-manufacture.)  The  process  with  flax  is 
similar  to  that  described  as  pertaining  to  cotton. 

In  the  first  place,  the  stricks  or  handfuls  of  hack- 
led flax  are  spread  on  a  traveling-apron  and  conducted 
to  drawing-rollers,  which  bring  the  filaments  to  an 
attenuated  sliver  and  deliver  it  into  cans.  The 
slivers  from  a  number  of  cans,  from  six  to  fifteen 
usually,  are  then  conducted  to  drawing-rollers,  be- 
ing thereby  doubled  and  dravm ;  the  process  is  re- 
peated, as  with  cotton,  until  the  sliver  is  -equalized 
and  reduced  to  the  required  degree.     See  Drawing. 

6.  {Silk-manufacture. )  The  twisting  together  of 
two  or  more  filaments  of  twisted  silk.  This  process 
follows  the  first  spinning  of  the  filaments  of  silk,  and 
precedes  the  throvnng,  which  is  a  farther  combining 
of  threads  and  twisting  them  together.  First,  the 
twisted  filaments  ;  then  the  doubling,  forming  dumb- 
singles  ;  then  the  throwing,  forming  throum-singles. 

The  process  of  doubling  silk  diners  from  that  of 
doubling  cotton  and  flax,  inasmuch  as  the  silk  fila- 
ments are  continuous  and  cannot  be  drawn.  The 
doubling  of  flax  or  cotton  fibers  is  for  the  purpose 
of  equalizing  the  thickness  of  slivera,  and  the  draw- 
ing which  accompanies  each  operation  is  for  the  pur- 
pose of  lengthening  the  comMned  slivers  so  as  to 
make  an  attenuated  sliver.  By  this  means  any  tri- 
fling irregularity  in  the  thickness  of  a  sliver  is  lost 
by  causing  it  to  coalesce  with  others  and  elongating 
the  bunch;  the  process  being  repeated  again  and 
again,  as  may  be  necessary. 

In  the  doubling  of  silk,  as  there  is  no  re-attenua- 
tion by  drawing,  the  number  of  filaments  are  com- 
bined into  one  thread  of  the  aggregate  thickness  of 
the  several  filaments. 

The  bobbins  of  thread  to  be  doubled  are  mounted 
on  a  small  frame,  and  the  ends,  being  collected,  are 
passed  through  a  loop  and  attached  to  a  bobbin, 
upon  which  they  are  wound.  The  parallel  threads 
are  then  transferred  to  a  horizontal  reel,  from  whence 
each  set  of  combined  threads  is  carried  through  the 
eye  of  a  rotating  flyer  and  wound  upon  a  bobbin, 
the  combined  threads  or  strands  being  twisted  into 
a  €ord.     The  latter  operation  is  known  as  throwing. 

The  direction  of  the  twist  is  varied  for  diflferent 
qualities  and  varieties  of  silk  goods. 

In  ordinary  spinning  of  the  silk  filaments  the 
twist  is  to  the  right. 

For  tram  ;  the  spinning  of  the  filaments  is  omitted ; 
when  doubled,  the  thread  is  twisted  to  the  right. 

For  organzine  the  filament  is  twisted  to  the  left, 
then  doubled  and  twisted  to  the  right. 

The  twisting  of  the  thread  is  set  or  made  perma- 
nent by  exposure  to  steam. 

6.  {Nav^tical.)  a.  Of  the  bitts.  A  piece  of  fir 
timber  fitted  on  the  back  of  the  cross-piece.  Fir-lining. 

b.  Of  a  sail.  The  double-seamed  border  for  re- 
ceiving the  bolt-rope.     The  edging  or  skirt. 

7.  {Shipiarighting.)  Strakes  of  plank  fastened  on 
the  outer  skin  of  a  ship  ;  used  as  a  fender  against 
floating  ice. 

Doubling  and  Twist^ing  BAa-chine'.  One  by 
which  a  number  of  slivers  of  fiber  are  associated, 
drawn  out,  and  partially  twisted  ;  or  one  in  which 
strands  are  laid  together  and  twisted  into  a  thread 
or  cord.     See  Doubmn6  ;  Drawing-frame. 

Doubling-frame.  iSUk-manufacture.)  A  wind- 
ing-engine for  double  silk  threads. 

Doubling-naiL  A  nail  used  in  securing  sheath- 
ing, lining,  or  supplementary  covering  to  an  object ; 
'  such  as  the  lining  of  gun-ports,  etc. 
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Douohe.     ( Surgical. )     An  instrument  for  irgect- 
ing  a  liquid  into  a  cavity.     They  are  usually  known 


Douches. 


by  the  name  of  the  part  to  which  they  are  ap- 
plicable. 

a  is  a  catheter  douche  for  drenching  the  urethra, 
or  reaching  the  interior  of  the  bladder. 

6  is  a  douche   for  the  vagina,  having  one  tube 
for  the  water  injected,   and  another  for  the  efflux, 
c  is  a  uterine  douche,  with  a  cup  to  fit  the  cer- 
vix while  the  point  enters  the  uterus. 

6?  is  a  holder  to  be  used  with  the  vaginal  or  uterine 
douche. 

Other  douches  are  specially  constructed  for  the 
nose,  the  posterior  nares,  the  eye,  ear,  etc. 
Dough-knead'er.    A  pair  of  rollers,  one  corru- 
gated  lengthwise 
Fig- 1722.  and     the     other 

transversely, 
workingin  aframe 
with  two  inclined 
boards  and  a  disk 
below  the  lower 
roller  propelled  by 
^  a  crank,  and  the 
rollers  geared  to- 
gether by  elastic 
cross-bands.  There 
are  other  fornls, 
Dough-Kneader.  such  as  a   roller 

swiveled  to  a  post, 
like  the  hrake  of  a  cracker-maker,  which  is  also  a 
dough-kneader. 

Dough-miz'er.  A  kneading-machine  consisting 
of  a  vessel  having  two  pipes  entering  through  its 
head  and  a  discharge-pipe  at  the  bottom.  The  flour 
is  placed  in  the  vessel,  and  the  yeast  and  water, 


highly  charged  with  carbonic  acid  and  mixed  with 
a  proper  quantity  of  salt,  are  passed  into  the  vessel 
through  one  of  the  upper  pipes,  and  the  whole  in- 
corporated by  the  revolution  of  a  vertical  shaft  with 
stirrers  ;  when  thoroughly  mixed,  the  contents  of 
the  vessel  are  discharged  through  the  pipe  at  the 
bottom.     It  is  a  kind  of  pu^-mill. 

In  another  form  of  machine,  the  rotating  annular 
trough  C  has  two  pairs  of  rotating  beaters  ZT  H,  to 
which  are  attached  scrapers  b  for  its  bottom,  while 
the  sides  are  cleared  by  stationary  scrapers  /,  and  on 
the  shafts  are  rods  having  screw-blades  J  Jy  reaching 
nearlv  to  the  bottom,  to  raise  up  and  knead  the 
dough. 

Doti£^-raia'er.  A  pan  in  a  bath  of  heated  water, 
to  maintain  a  temperature  in  the  dough  favorable  to 
fermentation. 

Doti£^-trough.  A  baker's  or  household  recep- 
tacle,     in      which 

dough  is  left  to  fer-  Fig.  1724.. 

ment.  In  Fig.  1724 
it  consists  of  a  wa- 
ter -  tight,  covered 
vessel  of  tin  or  other 
suitable  material, 
with  a  perforated 
shelf  across  the  cen- 
ter. The  recepta- 
cles containing  the  DoughrTreuftk. 
dough    are    placed 

upon  this  i^rforated  shelf,  and  then  covered  with  a 
cloth  to  prevent  the  condensation  of  moisture  upon 
the  surface  of  the  dough.  Warm  water  is  then  poured 
into  the  lower  part  of  the  vessel,  after  which  it  is 
closed  by  means  of  a  cover. 

Fig.  1725  is  on  a  larger  scale,  for  the  use  of  bak- 
era,  and  con- 
sists of  a  box  FJg.  1725. 
made  with  ta- 
pering    sides 
and  provided 
with"  a  steam- 
pipe     extend- 
ing around  the 
sides    at    the 
bottom.       In-  r- 
side  of  the  box 

is  the   bread-  Drntgh-Trou^ 

chest,     which 

is  provided  with  feet,  so  as  to  elevate  its  bottom 
above  the  steam-pipe.  The  box  is  also  provided  with 
a  thermometer,  and  with  perforated  plates. 

Dous'ing-ohook.  (Shipbuilding.)  Oneofsey- 
eral  pieces  fayed  across  the  apron  and  lapped  on  the 
knignthead,  or  inside  stuff"  above  the  upper  deck. 

Dove'taiL     (Joinery.)     A  flaring  tenon  adapted 
into  a  mortise  widi  receding  sides,  to  prevent 

F!g.  172S. 


DoffetaiU 


Dough- Mixer. 


rawal  in  the  direction  of  the  tendon  it  will  he 
^  to  in  the  structure, 
^e   ancient   Egyptians  nsed  dovetails  of  wood 
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(joggles)  to  connect  stones  at  the  comers  of  their 
edifices.  • 

a  shows  the  ordinary  dovetail  with  the  parts  de- 
tached ;  b  the  parts  put  together. 
Concealed  dovetails  are  made  in  two  ways  :  — 
c  d  show  the  lap^dovetailt  in  which  a  fin  of  wood 

Fig.  1727. 


Dovetails. 


on  the  return  edge  hides  the  ends  of  the  tenons 
mortises. 

e  shows  a  miter-joint,  locked  by  oblique  key 
veneer.  The  ordinary  miter-dovetail  shows  on] 
single  line  on  the  edge. 

The  series  of  illustrations  to  Fig.  1727  show 
several  modes  of  dovetailing  the  eagea  of  boxes 
drawers. 

0  is  a  miter  and  key  joint.  , 

Pf  the  common  dovetaU-joint. 

g,  the  half 'lap  dovetail. 

r,  the  secret  dovetail. 

«,  the  ^;>-dovetail. 

t,  the  wifer-dovetail. 


Pig.  1728. 


Dovetailing  of  ashlar-work  was  occasionally 
adopted  in  olden  times,  but  was  first  reduced  to  a 
regular  system  by  Smeaton  in  the  construction  of 
the  Edd^'stone  lighthouses.  The  solid  lines  in  the 
illustration  show  the  24th  course  of  the  mason-work. 

Dove'tail-boz  Plane.  (Joinery.)  A  form  of 
rabbet-plane  for  dresjiing  dovetails. 

Dove'tail-ouf  ter.    A  rotary  cutter  with  a  flar- 
ing bit  used  for 
boring  dovetails.  Rg- 1729. 

Dovetail- 
file.    A  thin  file 
with  a  tin  or  brass  I R^.  II 
back,     like     the  m^^ 
stiffenerofadove-  "^ 
tail      or     tenon 
saw. 

Dove'tail- 
hinge.    A  hinge 

whose  leaves  are  DovetaU-Cvtur. 

wider     at     their 
outer  edges  than  at  their  hinging  edges. 

A  hinge  whose  attaching  portions  are  branching 
and  divergent,  like  a  swallow's  tail. 

Dove'tail-ing-ma-ohine'.  A  machine  having 
a  gang  of  chisels  or  saws  for  cutting  dovetail-mor- 
tises or  the  kerfs  therefor.  In  Fig.  1730,  the  hori- 
zontal base  supports  a  block  B  whose  upper  sur- 
face consists  oi  two  equally  but  opi)ositely  inclined 
planes  B  Bf^  whose  slojic  corresponds  with  the 
chamfer  of  the  desired  dovetails.  G  Cave  standards 
guiding  to  a  vertical  path  a  ^te  D,  in  which  is  fixed 
a  series  of  chisels  whose  cuttmg-ends  are  at  such  an 
unequal  elevation  as  to  correspond  with  the  obliqui- 
ty of  the  planes  B"  B".  These  chisels  are  readily 
adjusted  to  any  hight  and  de^ee  of  separation,  and 
are  fixed  to  their  proper  |K)sitions  by  screw-bolts. 


Dovttail  Masonry. 


Whitens  Mortising  Dovetail- Maekuu. 

The  gate  is  elevated  and  depressed  by  means  of  a 
lever  F^  and  is  gaged  or  arrested  in  its  descent  by  a 
stop  or  shoulder.  Stops  on  the  planes  B'  B"  gage 
the  stuff.     /  is  a  ga^  for  the  edge  of  the  stuff. 

The  board  containing  the  heading-pins  already 
sawed  is  placed  on  one  of  the  inclines  B'  B\  and  the 
chisels,  b«ing  caused  to  descend,  operate  to  excavate 
on  one  side  the  intei-vening  stuff  between  the  pins. 
The  stuff  being  then  placed  on  the  other  incline, 
and  the  gate  again  depressed,  the  excavation  is  cpm- 
pleted  by  the  cutting  away  of  the  opposite  sides. 
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For  excavating  the  mortises,  the  doubly  inclined 
block  B  is  removed,  and  another  gate  substituted  for 
the  gate  />,  in  which  substitute  gate  the  chisels  are 
so  secured  as  to  have  their  lower  ends  in  a  horizon- 
tal line.  The  stuff  being  placed  on  the  horizontal 
bed  and  the  chisels  depressed,  the  surplus  timber  is 
excavated  at  a  single  stroke. 

In  Fig.  1731  is  shown  a  machine  in  which  the 
work  is  done  by  a  gang  of  saws  on  a  mandrel. 
The  mortise-cutting  nortion  is  the  ri^ht-hand  part 
of  the  lower  figure.     In  it  the  board  is  securea  on 

Fig.  1781. 


lower  figure,  and  is  also  shown  in  end  elevation  in 
the  upper  figure.  The  board  is  secured  with  its  end 
projecting  over  the  edge  of  the  carriage,  to  which  it  is 
clamped  ;  the  angle  of  the  tenons  being  determined 
by  the  angle  of  the  bed,  as  seen  in  the  upper  figure. 
The  board  and  its  bed  are  then  raised  to  tne  cutters, 
one  side  of  the  tenons  being  cut  at  a  time,  together 
with  a  portion  of  the  wood  between  them,  which 
being  done,  the  opuosite  side  of  the  tenon  is  cut,  and 
the  remainder  of  tne  wood  between  them,  by  chan- 
ging the  position  of  the  carriage. 

Armstrong's  dovetailing-machine  has  two  disks 
mounted  on  axes  inclined  to  each  other  as  well  as  to 
the  main  driving- shaft,  one  inclined  to  the  right 
and  the  other  to  the  left.  Each  disk  has  on  its 
outer  circumference  a  spiral  groove,  making  one  com- 
plete turn,  into  which  is  fitted  a  saw  composed  of 
segments,  so  arranged  as  in  one  complete  revolution 
to  give  both  the  longitudinal  and  transverse  cut 
necessftry  to  finish  a  dovetail,  one  half  being  made 
by  one  disk  and  the  other  half  by  the  other. 

Other  kinds  operate  by  means  of  cutters,  of  form 
corresponding  to  that  of  the  recesses  to  be  made. 
The  work  is  presented  and  fed  on  a  table  with  the 
remiired  adjustments. 

Dove'tail-joint.  The  junction  of  two  pieces 
by  means  of  splayed  tenons  and  corresponding  mor- 
tises of  the  respective  parts.     See  Dovetail. 

Dove'tail-mark'er.  A  device  for  marking  the 
dovetail  tenons  or  mortises  on  the  resi)ective  boards. 
The  two  plates  of  the  frame  are  set  at  right  angles 
to  each  other,  and  each  has  a  scribing  edge  adaj>ted 
to  mark  its  side  of  the  dovetail ;  one  plate  is  adjust- 
able to  regulate  the  widths  and  distances,  the  ad- 
Fig.  1782. 


Dovetailing- Machine. 

the  carria^  S^  in  such  position  that  the  edge  of  said 
board  projects  under  the  saws  or  cutters  more  or  less, 
according  to  the  depth  that  the  dovetailing  is  to  be 
cut,  which  will  be  governed  by  the  thickness  of 
the  stuff.  The  board,  on  being  properly  ac^usted, 
is  then  brought  in  contact  with  the  saws  by  elevat- 
ing the  table,  thereby  carrying  the  board  upward  to 
the  saws  D  //,  cutting  the  sides  of  the  mortise,  and 
of  any  an^le  that  may  be  required,  by  adjusting 
the  stays  in  which  the  cutters  are  hung  to  the 
reouired  angle. 

The  central  cutter  jy,  as  will  be  seen,  cuts  into 
the  board  at  a  right  line  between  the  side  saws,  and 
as  it  le^ds  in  the  cutting,  the  central  portion  of  the 
mortise  is  cut  away  ;  the  side  saws,  as  they  follow, 
cut  away  the  remainder,  leaving  a  clean,  angular 
mortise  for  the  admission  of  the  tenon. 

The  tenoning  portion  is  on  the  other  side  of  the 


D<m€tail-Marker. 

itable  gage-plate  affording  a  guide  in  setting 

J  marker  for  the  next  scnbe. 

Dove'tail-plana    {Joinery.)  Aside-rabbet 

plane  with  a  very  narrow  sole,  which  may  be 

made  by  inclination  to  dress  the  sides  of  dovetail 

tenons  or  mortises. 

The  side-rabbet  plane  may  have  an  under-cutting 
bit  with  a  flat  lower  edge,  so  as  to  conform  to  the 
shape  of  the  mortise. 

Dove'tail-Bainr.  1.  One  for  cutting  the  dove- 
tail-tenon on  the  ends  of  boards ;  or  cutting  the 
dovetail-mortises  in  the  faces  or  ends  of  boards  to 
receive  the  said  tenons.  There  are  several  varieties. 
One  consists  of  a  pair  of  circular  saws  running  in 
planes,  bearing  sucti  an|plar  relation  to  each  other  as 
to  give  the  required  obliquity  to  the  kerfs.  In  dove- 
tailing-machines  rotary  cutters  work  to  a  given 
line,  and  also  remove  the  material  between  the  cheeks 
of  opposite  dovetail-tenons.  Gangs  of  circular  saws 
on  a  mandrel  are  constructed  and  arranged  to  do  the 
same.     (See  Fig.  1731.) 

2.  A  small  tenon-saw  adapted  for  catting  dove- 
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tails.     It  has  .15  teeth  to  the  iuch,  and  is  usually 
about  9  inches  in  length. 
8.  A  saw  having  two  cutting  edges,  one  at  right 

Fig.  1788. 


Dovetail'Saw. 


angles  to  the  other ;  one  edge  makes  the  side  kerf, 
the  other  the  bottom  kerf. 

Dove'tail-wira    A  kind  of  wire,  wedge-shaped 
in  cross-section. 
Dow.  A  two-masted  Arabian  vesseL    See  Dhow. 
Dow'eL  1.  A  pin  used  to  connect  adjacent  pieces, 
penetrating  a  part  of  its  length  into  each  piece  at 
right  angles  to  the  plane  of  junction.     It  may  be 
permanent  and  glued  into  each 
Fig.  1784.  piece,  as  in  the  boards  forming 

I  K  the  leaf  of  a  table.     Or  it  may 

^l^^^^g!!^  serve  as  a  joint  to  hold  detach- 
able pieces  in   position,   as  the 


t 


~v  parts'oi  2L flask. 
Dowel.  The  slabs  of  calcareous  gy  psum 

or  "Mosul  marble"  which  line 
the  adobe  palaces  of  Nimroud  wore  united  by  wood- 
en and  bronze  dowel-pins.  The  several  blocks  in  each 
layer  of  masonry  in  Smeaton's  Eddystone  lighthouse 
were  cramped  together,  and  the  layers  were  prevent- 
ed from  slipping  on  each  other  by  oaken  doioels. 

2.  A  piece  of  wood  driven  into  a  wall,  as  a  means 
of  nailing  lining  or  finishing  work  thereto.   A  dook. 

Dow'el-bit.  A  wood  boring-tool  adapted  to  be 
used  in  a  brace.  The  semi-cylinder  which  consti- 
tutes the  barrel  of  the  bit  terminates  in  a  conoidal 
cutting-edge.     It  is  also  called  a  spoon-bit.     See  Bit. 

Dow'el-ing-ma-ohine'.  {Coopering.)  A  ma- 
chine for  boring  the  dowel-holes  in  the  meeting  edges 
of  the  pieces  which  form  the  heads  of  tight  casks. 

Dow'el-joint  A  junction  formed  by  means  of 
a  dowel  pin  or  pins,  such  as  the  heading  pieces  of  a 
tight  barrel-head. 

Dow'el-pin.  A  pin  or  peg  uniting  two  portions, 
as  the  pieces  of  headmg  for  a  cask.     A  dovoel. 

Dowlas.  (Fabric.)  Probably  named  from  Doul- 
lens,  a  town  of  Picardy  in  France.  A  coarse  linen 
cloth  for  household  uses. 

**  Filthy  dowlas,"  says  the  Bard  of  Avon. 

Down-oast.  {Mining.)  The  ventila ting-shaft 
of  a  mine,  down  which  air  passes  to  the  worTkings  ; 
as  opposed  to  the  up-cast, 

Down-hauL  (Nautical )  A  rope  for  hauling 
down  a  staysail,  jib,  or  other  fore-and-aft  sail.  With 
staysails  it  passes  tdong  the  stay  through  the  crin- 
gles of  the  sail,  and  is  attached  to  the  upper  comer. 

Down-share.  A  turf-paring  plow,  used  in  Eng- 
land, where  the  rolling  treeless  tracts  are  called 
downs.  These  tracts  in  Sussex  are  the  homes  of  the 
Southdown  sheep.  (A.  S.  Dun,  dune,  a  hill.)  The 
sand-banks  which  lie  u|K)u  the  sea-slioi'es  of  Holland 
are  called  dunes;  hence  Dunchurch  in  England, 
Dunkirk  in  the  Low  Countries.  Hence  also  the 
Downs;  the  famous  anchorage  off  the  coast  of  Kent, 
England,  where  the  Goodwin  Sands  form  a  break- 
water :  -— 

**  For  whilst  our  fdnnaoe  anohon  in  the  Downes." 

2llBfBTYT.,iT.l. 

Dowv'ing-chock.    See  Dousino-chock. 
Down'ward-dis'oharge  Wa'ter-wheeL  One 

form  of  the  turbine  or  reaction  water-wheel.     The 
water  is  admitted  at  the  periphery,  from  a  spiral  chute 


Fig.  1785. 


Dttwnward^Diseharge  Water-WheeL 

which  surrounds  the  wheel,  and,  passing  inward  in 
a  radial  direction,  cun'es  and  descends  vertically. 

Drab.  1.  (Fabric,)  A  thick  woolen  cloth  of  a 
dun  color,  inclining  to  reddish-brown. 

2.  A  wooden  box  used  in  salt-works  for  holding 
the  salt  taken  from  the  boiling-pans. 

Drab'bets.     (Fabric.)    A  coarse  linen  duck. 

Drab'ler.  (Nautical, )  A  piece  of  canvas  laced 
on  the  bonnet  of  a  sail,  being  an  extension  of  the 
bonnet,  as  the  latter  is  of  the  sail  proper. 

Dradge.  The  inferior  portions  of  ore  detached 
from  other  portions  by  the  cobbing-hammeT.  The 
better  parts  are  known  as  prill. 

Draft  1.  The  current  of  air  which  supplies  a  fire. 

When  this  is  not  mechanically  aided,  it  is  called 
a  natural  draft.  When  driven  mechanically,  it  be- 
comes ik  forced  draft  or  blast.  See  Bellows  ;  Blast  ; 
Blowing-machine  ;  Fan,  etc. 

It  is  also  known  as  cold  or  hot  blast,  according  to 
the  temperature  ;  that  of  the  external  atmosphere, 
or  artificially  heated. 

2.  (Steam-boiler. )  The  course  or  direction  of  the 
hot  air  and  smoke  ;  as,  — 

A  direct,  a  revcriivg,  a  split,  or  a  w?ieel  draft, 

3.  A  plan  or  delineation. 

4.  The  drawing  or  pulling  of  a  load  or  vehicle. 
In  this  connection  the  word  forms  a  part  of  many 
compound  words ;  as,  — 

Draft-bar.  Draft-rod. 

Draft-hole.  Draft-spring,  etc. 

See  also  Draw  ;  DiiAO. 

5.  (Masonry.)  Chisel-dressing  at  the  angles  of 
stones,  serving  as  a  guide  for  the  leveling  of  the 
surfaces. 

6.  (Pattern-making.)  The  amount  of  taper  given 
to  a  pattern  to  enable  it  to  be  withdrawn  from  the 
mold,  without  disturbing  the  loam. 

7.  The  depth  a  ship  sinks  in  the  water. 

8.  The  combined  sectional  area  of  the  openings  in 
a  turbine  water-wheel ;  or  the  area  of  opening  of 
the  sluice-gate  of  a  fore-bay. 

9.  (Weaving,)  The  arrangement  of  the  heddles 
so  as  to  move  the  warp  for  the  formation  of  the  kind 
of  oma.iiental  figure  to  be  exhibited  by  the  fabric. 
Known  also  ssdratuing,  reeding-in,  cording  of  tfutootu. 

In  every  species  of  weaving,  whether  direct  or 
cross,  the  whole  difference  of  pattern  or  effect  is  pro- 
duced, either  by  the  succession  in  which  the  threads 
of  warp  are  introduced  into  the  Tuiddles,  or  by  the 
succession  in  which  those  heddles  are  moved  in  the 
working.  The  Iieddles  being  stretched  between  two 
shafts  of  wood,  all  the  heddles  connected  by  the 
same  shafts  are  called  a  leaf;  and  as  the  operation 
of  introducing  the  warp  into  any  number  of  leaves 
is  called  drawing  a  wa/rp,  the  plan  of  succession  is 
called  a  draft. 

Draft4>ar.    1.  A  swingle-tree,  double  or  single. 

2.  The  bar  of  a  railway-car  with  which  the  coup- 
ling is  immediately  connected. 

Draft-box.    Invented  by  Parker.     An  air-tight 
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tube  by  which  the  water  from  an  elevated  wheel  is 
conducted  to  the  tail-race.  It  is  a  means  of  availing 
the  whole  fall  without  placing  the  wheel  at  the  bot- 
tom of  the  same. 

It  is  sometimes  used  to  avoid  extreme  length  of 
wheel-shaft ;  at  ofher  times  to  conform  the  arrange- 
ments to  the  peculiar  location,  rendering  it  necessary 
to  place  the  wheel  at  a  distance  above  tail-water. 

Draft--en'c^e.  {Minitig.)  An  engine  (usually 
steam)  for  elevating  ore,  coal,  miners,  etc.,  or  for 
pumping  out  water. 

Draft-e'qual-iz'er.  A  treble  tree ;  a  mode  of 
arranging  the  whiffletrees  when  three  horses  are 
pulling  abreast,  so  that  all  possess  an  equal  leverage. 

Draft-lor'nace.  A  reverberatory  air-furnace  ; 
one  in  which  a  blast  is  employed. 

Draft-hole.  The  hole  whereby  a  furnace  is  sup- 
plied with  air. 

Draft-hook.  One  of  the  hooks  on  the  checks  of 
a  gun-carriage  to  maneuver  it,  or  attach  additional 
draft-gear  in  steep  places. 

Drafting  In'stro-mentB  and  Ap-pli'ances. 


Arcograph. 

Bow-pen. 

Bow-pencil. 

Camera  {Obscura  and  Lu- 

dda). 
Cecograph. 
Centrolinead. 
Chiragon. 
Compasses  (varieties,  see 

Compass). 
Copying-instrument. 
Crayon. 
Curve. 
Curvilinear. 
Curvograph. 
Cyclograph. 
Diagonal  scale. 
Dividers. 
Dotting-pen. 
Double  drawing-pen. 
Double-jointed  compass. 
Drafting-board. 
Drafting-scale. 
Drawing-compass. 
Drawing-pen. 
Drawing-pin. 
Eidograph. 
Elevation. 
EUipso^ph. 
Everpomt-pencil. 
Fountain-pen. 
Froudc's  compass. 
Geometric  pen. 
Gold  pen. 
Hair-pencil. 
Helicograph. 
Ink-well. 

Isometrical  projection. 
Lead-pencil. 
Leg. 

Lengthening-pen. 
Manifold-writer. 
Map-measurer. 
Micrograph. 
Music-pen. 

Music  writing-machine. 
Napier's  compass. 
Needle-holder. 
Optigraph. 
Palette. 
Pantograph. 


Parallel  ruler. 

Pastel 

Pen. 

Pencil. 

Pencil-case. 

Pencil-sharpener. 

Pen-holder. 

Pen-knife. 

Pen-maker. 

Pen-rack. 

Perspective  instrument. 

Perspectograph. 

Pillar-compass. 

Plan. 

Planimeter. 

Plotting-scale. 

Polygraph. 

Port-crayon. 

Profile. 

Proportional  compasses. 

Protracting-bevel. 

Protractor. 

Quill-pen. 

Reticulation. 

Right-line  pen. 

Roulette. 

Rule. 

Ruler. 

Ruling-pen. 

Scale.     Drafting 

Sciograph. 

Scorer. 

Scotograph. 

Section. 

Sector. 

Silhouette  instrument. 

SUte. 

Slate-pencil. 

Sliding-rule. 

Spirals.     Instrument  for 

drawing 
Square. 

Station -pointer. 
Steel-pen. 
Straignt-edge. 
Tablet. 

Tangent-scale. 
Tracing-instrument. 
TrammeL 
Triangle. 
Triangular  compass. 


T-square. 

Tube-compass. 

Universal-compass. 


Vertical  plan. 
Whole-and-half  compass. 


Draftiiig-Acala  A  straight  edge  graduated 
with  scales  of  chains  and  tenths,  or  inches  and 
twelfths,  for  platting  surveys,  or  drafting  plans  or 
elevations  of  machinery  or  other  structures. 

Drait-reg'u-la'tor.  A  means  for  opening  and 
closing  furnace-doors,  or  dampen  in  the  air,  draft, 
or  dischar^  flue,  so  as  to  urge  the  fire  or  moderate 
its  intensity  respectively,  as  it  may  lag  below  or 
quicken  above  the  desired  standard. 

Automatic  devices  for  this  purpose  are  actuated 
by  arrangements  known  as  thermostals.  These 
usually  depend  upon  the  expansion  of  metal  by  heat 
and  its  consequent  contraction  as  it  cools.  The  length- 
ening or  shortening  of  a  metallic  rod  is  the  actuating 
force  which  is  communicated  by  levers  or  other 
mechanism  to  the  door,  register,  or  damper.  As  a 
certain  relation  exists — under  ordinary  coiiditions 
—  between  the  heat  of  steam  and  its  pressure,  the 
heat  or  pressure  of  steam  acting  on  a  column  of  mer- 
cury may  be  made  by  electric  connection  to  actuate 
a  magnet,  and  so  operate  the  device  which  governs 
access  of  air  to  the  furnace,  or  determines  the  area 
of  the  flue  by  which  the  volatile  results  of  combus- 
tion are  discharged.     See  Damper. 

Draft-rod.  (Plow.)  A  rod  extending  beneath 
the  beam  from  the  clevis  to  the  sfieth  and  taking  the 
strain  off  the  beain. 

Draft-spring.  A  snring  intervening  between 
the  tug  or  tnu^e  of  a  araft  animal  and  the  load, 
whereby  a  jerking  strain  upon  the  animal  is  avoided. 
It  was  invented  and  used  by  Sir  Alexander  Gordon. 
Draft-springs  are  connected  to  the  draw-bara  of  rail- 
way cara,  to  lessen  the  violence  of  the  jerk  in  starting. 

Drag.  1.  {Husbandry,)  A  heavy  description  of 
harrow. 

2.  {Nautical.)  A  floating  anchor,  usually  a  frame 
of  spara  and  sails,  to  keep  a  ship's  head  to  the  wind 
and  lessen  the  speed  of  drifting.  See  Dkag-anchor. 

3.  {Vehicle.)  a.  A  shoe  to  receive  the  wheel  of 
a  vehicle  to  stop  its  revolution,  and  by  friction  on 
the  ground  lessen  the  speed  of  the*  vehicle  down 
hill.     See  Waoon-lock. 

h.  A  rough,  heavy  sled  for  hauling  stones  off  a 
field,  or  to  a  foundation.     A  stone-boat. 

c.  A  kind  of  four-horse  vehicle  used  by  sporting 
charactere. 

4.  {Molding.)  A,  the  bottom  part  of  a  mold,  as 
distinguished  from  the  cope. 

Fig.  1786. 


Drofi. 


a,  object  cast  d,  drag. 

b,  loam.  e,  parting. 

c,  cope. 

5.  (Hydraulic  Engineering,)    B,  a  scoop  having 
a  long  flexible  (umdle  and  operated  by  a  winch,  for 


Digitized  by 


Google 


DRAG-ANCHOR. 


737 


DRAG-SHEET. 


deepening  a  channel,  scraping  a  place  for  a  sub- 
merged foundation,  or  removing  the  mud,  etc.,  from 
the  inside  of  a  coffer-dam.  A  form  of  dredging-ma- 
chine. 

6.  {ASaming.)  The  carriage  on  which  a  log  is 
dogged  in  a  veneer  saw-mill.  The  drag  has  two 
motions,  one  past  the  saw  to  yield  a  veneer,  and  the 
other  at  right  angles  to  the  same  and  equal  to  the 
thickness  of  the  veneer,  plus  the  width  of  the  kerf. 
See  Vkneer-saw. 

7.  A  net  or  four-clawed  grapnel  used  in  dragging 
a  pond  or  harbor  to  recover  the  body  of  a  drowned 
person,  or  property  which  has  been  lost  overboard. 
A  creeper. 

8.  (Masonry,)  A  thin,  indented  plate  for  scraping 
and  finishing  the  surface  of  soft  stone. 

9.  (Afarine  Engineering.)  The  difference  between 
the  speetl  of  a  screw-ship  under  sail,  and  that  of  the 
screw  when  the  ship  outnins  the  latter.     See  Slip. 

The  difference  between  the  propulsive  effects  of 
the  different  floats  of  a  paddle-wheel. 

10.  A  frame  of  iron  with  an  attached  net  to  scrape 
up  and  gather  oysters  by  dragging  upon  the  bed. 
See  D  HEDGE. 

11.  (Hiuifandry.)    An  implement  with  hooking 

Fig.  1787. 


over,  so  as  to  diminish  its  resistance  when  being 
drawn  in. 

In  the  lower  view  the  ribs  of  the  wings  are  hinged 
to  a  hub  on  the  shaft,  so  that  they  may  expand  when 


Manure'Drttg. 
tines  to  haul  manure  along  the  surface.     A  manurci- 

Srag-an'ohor.  {liaiUical.)  A  frame  of  wood, 
or  of  spars  clothed  with  sails,  attached  to  a  hawser, 
and  thrown  overboard  to  drag  in  the  water  and  di- 
minish the  lee-way  of  a  vessel  when  drifting,  or  to 
keep  the  head  of  a  ship  to  the  wind  when  un- 
manageable by  loss  of  sails  or  rudder.  It  was  pa- 
tented under  the  name  of  a  drag-sheety  by  Burnet 
(English)  1826.  It  is  sometimes  made,  in  an  emer- 
gency, of  spars  lashed  together  to  form  a  triangular 
or  rectangular  frame,  which  is  then  covered  with  a 
sail.  When  constructed  and  cArried  as  a  part  of  the 
ship's  equipment,  it  is  made  to  serve  as  a  raft  or 
drag  as  may  be  required ;  but  the  peculiarities  are 
generally  confined  to  means  for  compact  stowage  and 
to  spilling-lines  for  their  recovery,  either  by  collai)se 
or  reversal  of  position  to  enable  them  to  be  readily 
drawn  in  and  hauled  on  board  after  having  served 
their  purpose.  Treatises  on  navigation  give  illustra- 
tions of  a  variety  of  devices  for  this  purpose,  and  a 
number  are  patented.  One  edge  of  the  drag  may  he 
weighted,  as  it  is  essential  that  it  be  submerged,  and 
that  it  should  assume  a  position  at  right  angles  to 
the  taut  cable  which  connects  it  to  the  ship. 

In  the  upper  view  (Fig.  1738),  the  dnut  is  a  wooden 
frame  whose  corners  are  secured  by  bridles  or  angle- 
lines  to  a  cable  which  is  made  fast  to  the  bitts  on 
bo«uxl.  A  buoy  is  attached  to  the  upper  edge  of  the 
drag,  and  a  spilling- line  enables  the  (&ag  to  he  canted 


JJrag-Anchors 

brought  into  use  and  may  contract  when  the  drag 
is  upset  by  the  spilling-line  while  it  is  being  drawn 
in.  A  buoy  is  used,  as  in  the  drag  described  above, 
to  show  the  position,  and  to  keep  the  di-ag  in  its  ef- 
fective position.  Braces  connect  the  ribs  to  a  slid- 
ing collar  on  the  shaft,  and  the  fmme  is  covered  like 
an  umbrella  with  heavy  sail-cloth  lashed  to  the  ribs. 

Drag-bar.  {Eailway-engineering.)  A  strong 
iron  rod  with  eye-holes  at  each  end,  connecting  a 
locomotive-engine  and  tender  by  means  of  the  drag- 
bolt  and  spring. 

Drag-ben^  A  bench  on  which  fillets  of  gold 
or  silver  are  drawn  through  an  aperture,  to  bring 
Ihem  to  even  and  exact  proportions.     See  Dkaw- 

BENCH. 

Drag-bolt.  The  sti-ong  removable  bolt  coupling 
the  drag- bar  of  a  locomotive-engine  and  tender  to- 
gether. 

Drag-hook.  The  drag-hook  and  chain  are  the 
strong  chain  and  hook  attached  to  the  front  of  the 
engine  buffer-bar,  to  connect  it  with  any  other  Iocop 
motive-engine  or  tender  ;  also  attached  to  the  drag- 
bars  of  other  railroad  carriages  on  the  English  system 
of  connection. 

Drag-link.  A  link  for  connecting  the  cranks  of 
two  shafts  ;  it  is  used  in  marine  engines  for  connect- 
ing the  crank  on  the  main-bhaft  to  that  on  the  inner 
paddle-shaft. 

Drag'on-beam.  (Corrupted  from  (£ui^(>7m/ beam.) 
(Building.)  a.  A  horizontal  timber  or  diagonal 
plate  used  in  hipped  roofs  and  on  which  the  foot 
of  the  hip-rafter  rests.     Braggivg-beam. 

b.  A  diagonal  brace  which  stands  under  a  breast- 
summer  and  whose  foot  rests  on  a  shoulder  of  the 
kins^-post. 

Drag-saw.  A  cross-cut  sawing-machine  in 
which  the  effective  stroke  is  on  the  pull  motion,  not 
the  thrust.  In  the  illustration  it  is  shown  as  ope- 
rated by  hoi'se-power.  The  log  is  clamped  by  levers. 
The  saw  is  h(4d  aloft  by  a  stirrup  while  the  log  is 
fed  forward  for  another  cut. 

Drag-sheet.  (NaiUuxtl,)  A  sail  stretched  by 
spars  and  thrown  over  to  windward  to  drag  in  the 
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Fig.  1739 


Drag-Saw. 


water  and  lessen  the  lee-way  of  a  drifting  vessel. 
'  See  Drao-anchok. 

Drag-sprins.  {Railroad.)  a.  A  spring  attached 
to  the  drag-bar  to'  lessen  the  jerk  when  starting  up 
or  increasing  speed. 

b,  A  strong  spring  placed  near  the  back  of  the 
tender.  It  is  attached  by  the  ends  to  the  drag-bar 
which  connects  the  engine  and  tender,  and  by  the 
center  to  the  drag- bar  which  connects  the  train  to 
the  tender,  according  to  the  English  mode. 

Drag-BtaA  {Fehicle.)  A  i)ole  pivoted  to  the 
hind  axle  and  trailing  behind  a  wagon  or  cart  in 
ascending  a  hill  or  slop*;.  Used  to  hold  the  vehicle 
frojn  rolling  backward  when  temporarily  stopping 
on  a  hill  to  rest  the  team. 

Drain.  1.  A  water- course  to  remove  surface 
water,  or  so  much  from  the  subsoil  as  interferes  with 
the  fertility  of  that  above  it. 

Covered  drains  are  made  in  a  variety  of  ways  :  — 

a.  A  layer  of  stones  in  the  bed,  covered  by  the 
earth  which  had  been*  removed  in  digging. 

b.  Where  flat  stone  is  obtainable,  two  side  stones 
and  a  cap,  covered  in  with  the  soil. 

Fig.  1740. 

I        ^  t     '^ 
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Drains. 


e.  A  duct  formed  with  a  flat  tile 
and  an  arched  semicylindrical  tile, 
covered  in  with  stones,  to  allow  perco- 
lation of  water,  and  closed  with  soil. 

d.  In  tenacious  soils  a  shoulder  may 
be  made  in  the  drain  to  support  flat 
.stones  which  bear  the  superincumbent  earth. 

e.  Assorted,  large  stones  in  the  bottom,  covered 
in  by  smaller  stones  and  a  filling  of  soil. 

f.  In  peaty  soils  the  drain  may  be  covered  in 
with  blocks  of  the  peat  or  by  turfs  which  will  pre- 
serve their  position  for  a  considerable  time  if  laid 
properly. 

a.  A  bed  stone  and  side  stones  to  form  a  trian- 
gular duct  covered  in  by  stone^  a  layer  of  turf,  and 
the  filling  of  soil. 

h.  A  duct  formed  of  two  semicylindrical  tiles, 
respectively  above  and  below  a  flat  tile  ;  the  whole 
covered  in  by  stones  and  the  earth  as  before. 

t.  A  perforated  draln^pipe  of  circular  or  oval  sec- 


tion covered  in    by 
stones  and  earth. 

In  the  fen  lands  of 
Cambridgeshire, 
England,  and  other 
lands  of  the  same  de- 
scription in  adjoin- 
ing counties,  the 
main  drains  have 
generally  been  made 
7i  feet  deep,  or  more 
in  larger  districts,  so  that  the  water  may  never  rise 
higher  than  within  18  inches  or  2  feet  of  the  sur- 
face of  the  ground.  The  ladles  or  float-boards  of 
the  scoop- wheel  dip  6  feet  below  the  surface  of  the 
water,  leaving  a  foot  in  depth  below  the  dip  of  the 
wheel,  that  the  water  may  run  freely  to  it  The 
main  drain  brings  down  the  water  to  the  engine 
with  a  descent  of  8  inches  in  a  mile ;  5  to  18  inches 
is  better.  Supposing  that  the  wheel  dips  5  feet 
below  the  surface  of  the  water  in  the  main  drain, 
and  that  the  water  in  the  river  into  which  this 
water  must  be  raised  and  discharged  has  its  level  5 
feet  above  that  in  the  drain,  the  wheel  in  such  case 
will  be  said  to  have  10  feet  head  and  dip,  and  ought 
to  be  made  30  feet  in  diameter. 

The  largest  quantity  of  water  delivered  by  one 
engine  is  from  Deeping  Fen,  near  Spalding  ;  this 
fen  contains  25,000  acres,  and  is  drained  by  two  en- 
gines, one  of  80  and  one  of  60  horse  power.  The 
SO-horse  engine  has  a  wheel  of  28  feet  in  diameter, 
with  float-boards  or  ladles  measuring  5J  feet  by  5 
feet,  and  moving  with  a  mean  velocity  of  6  feet  per 
second;  so  that  the -section  of  the  stream  is  274 
feet,  and  the  quantity  discharged  per  second  166 
cubic  feet, —  equal  to  more  than  4}  tons  of  water 
in  a  second,  or  about  16,200  tons  of  water  in  an 
hour. 

It  was  in  1825*  that  these  tw^o  engines  were  ererted, 
and  at  that  time  the  district  was  kept  in  a  half-cul- 
tivated state  by  the  help  of  forty-four  windmills, 
the  land  at  times  being  wholly  under  water.  It 
now  grows  excellent  wheat,  producing  from  32  to 
48  bushels  to  the  acre.  The  land  has  increased  in 
value  fourfold.    See  Scoop-wheel. 

2.  (Founding.)  The  trench  which  conducts  the 
molten  metal  to  the  gate  of  the  mold. 

Drain'ing-au'ger.  A  horizontal  auger  occasion- 
dlly  used  for  boring  through  a  bank  to  form  a  chan- 

Fig.  1741. 


Horizontal  Anger 

nel  for  water.  It  is  also  used  for  cutting  an  opening 
for  laying  lead-pipe  or  drain-pipe.  In  each  case  it 
is  intended  to  save  the  labor  of  opening  a  trench. 
It  is  also  used  for  draining  marl-pits  or  cellars,  when 
the  circumstances  of  the  level  suit. 

The  mode  of  operation  is  as  follows  :  the  level 
having  been  determined,  a  spot  is  leveled  on  the 
down-hill  side  for  placing  the  machine.  Tlie  hori- 
zontal axis  above  is  turned  by  two  men  at  the  hand- 
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(Tanks,  rotating  the  vertical  shaft  and  bevel  pinion 
which  turns  the  larger  wheel  on  the  shaft  of  the 
auger. 

When  the  pod  of  the  auger  is  full,  it  is  withdrawn 
by  rotating  the  other  hancQe.  If  hard  stones  be  en- 
countered, the  auger  is  withdrawn  and  a  chisel  or 
drill  substituted. 

Drain'ing-en'£;lne.  A  pumping-engine  for  re- 
moving water  from  mines,  lowlands,  etc.  See 
Cornish  Engine. 

The  acoop-whul  and  the  baHng-scoop  are  much 
used  in  England.  The  centrifugal  pump  is  used  in 
England  and  the  United  States.  The  puniping-en- 
gines  used  in  Holland  at  the  Haarlem  Mere  are  ver- 
tical double-cylinder  condeusing-engines,  one  cylin- 
der within  the  other,  the  outer  one  being  annular. 

All  other  drainage  enterpiises  sink  into  insignifi- 
cance beside  those  of  Holland. 

These  great  public  works,  since  their  commence- 
ment in  1440,  have  gradually  extended  until  they 
include  an  area  of  223,062  acres  drained  by  mechan- 
ical means.  See  Weale's  **  Dictionary  of  Terms  of 
Art,"  pp.  277-283. 

One  of  the  latest,  and  the  largest,  of  these  enter- 
prises, was  the  drainage  of  tlie  Haarlem  Lake, 
45,230  acres,  which  was  finished  a  few  years  since. 
The  average  level  of  the  boezem,  or  catch-water 
basin,  of  the  district  is  10  inches  below  the  ordinary 
low-water,  and  27  inches  below  high-water  mark  in 
the  Y  or  ZuydiM-  Z  *e  ;  and  7  inches  above  low  water, 
and  57  inches  below  ordinary  high  water,  in  the 
North  Sea. 

The  bed  of  the  Haarlem  Lake  is  14  feet  below  the 
winter  level  of  the  boezem,  and  the  maximum  lift 
may  be  therefore  assumed  to  be  27  inches +  14  feet  + 
18  inches, — the  last  being  the  required  depth  of 
the  water  surface  below  the  gix)und  surface,  to  ren- 
der the  latter  tillable, — amounting  in  all  to  17 
feet  9  inches. 

The  water  contents  of  the  Haarlem  Mere  to 
be  pumped  out,  including  the  additional  quantity 
arising  Irom  the  surplus  rain  and  infiltration  during 
the  draining,  was  estimated  at  800,000,000  tons. 

The  greatest  quantity  of  monthly  drainage  when 
the  mere  is  pumped  out  is  estimated  at  36,000,000 
totui,  and  the  annual  average  surplus  of  rain-water, 
etc.,  at  54,000,000  tons,  to  be  lifted,  on  an  average, 
16  feet. 

The  three  engines  were  named  the  **  Ijcegh water," 
erected  about  1847,  the  "  Cruquius,"  and  the 
**  Lynden,"  after  three  celebrated  men  who  had  at 
different  periods  proposed  plans  for  draining  the 
Haarlem  Mere. 

The  **  Ijeegh water  "  was  the  first  erected,  to  work 
eleven  pumps  of  63  inches  diameter,  with  10  feet 
stroke  m  pumps  and  steam-cylinders ;  and  Jthe 
''Cruquius  and  **  Lynden  "  were  afterwards  con- 
structed, to  work  eignt  pumps  each,  of  73  inches 
diameter  and  with  10  feet  stroke ;  each  engine  is 
calculated  to  lift  66  tons  of  water  per  stroke. 

In  testing  the  capacity  of  the  engine  for  working 
in  emergencies,  using  the  eleven  pumps  simultane- 
ously without  regard  to  the  consumption  of  fuel,  the 
engine  was  found  to  lift  per  stroke  109  tons  net 
of  water  to  a  hight  of  10  feet.  At  an  economi- 
cal working-rate  the  engine  performed  a  duty  of 
75,000,000  pounds,  raised  one  foot  high  by  a  con- 
sumption of  94  pounds  of  Welch  coal.  The  net 
effective  force  was  350-horse  power,  the  consumption 
of  fuel  2i  pounds  of  coal  per  horse-power  per  hour. 

The  accompanying  sketch  is  a  representation  of 
the  interior  of  the  "Lynden"  engine  and  engine- 
house,  on  the  upper  floor ;  the  "Cruquius"  is  on 
the  same  model;  but  the  ''Leegh  water"  has  the 


inner  ends  of  its  eleven  pump-beams  aiTanged  under 
the  great  cross-head,  instead  of  over  it. 

Each  engine  has  two  steam-cylinders,  placed  con- 
centrically, the  one  within  the  other,  the  outer  of 
12  feet  diameter,  and  the  inner  one  of  7  feet  diam- 
eter ;  both  are  secured  to  one  bottom,  and  covered 
by  one  cover,  but  the  inner  cylinder  does  not  touch 
the  cover  within  1^  inch  ;  there  are  two  pistons,  26 
inches  deep,  the  compartments  of  which  are  fitted 
with  cast-iron  plates  ;  the  outer  piston  is  annular, 
and  has  a  packing  on  both  sides  ;  beneath  this  an- 
nular piston  a  constant  vacuum  is  maintained  when 
working;  the  two  pistons  are  connected  by  live 
piston-rods,  as  shown  in  the  sketch,  to  a  great  cross- 
head  or  cap^  the  whole  mass  weighing  about  85 
tons,  and  by  eight  connecting-rods  the  cap-pistons 

Fig.  1742. 


The  **  Lynden  '*  Engine,  Haarlem  Meref  South  Holland. 

are  suspended  from  the  inner  ends  of  eight  cast-iron 
balance-beams,  to  the  outer  ends  of  which  are  hung 
the  eight  pump-pistons. 

The  action  or  the  engines  is  very  simple  ;  the 
steam,  being  applied  under  the  inner  piston,  lifts 
both  the  pistons,  the  great  cross-head,  and  inner 
ends  of  pump  balance-beams  simultaneously,  and 
the  pump-pistons  descend  at  the  same  time  ;  by  an 
hydraulic  apparatus  attached  to  the  great  cross- 
head,  the  dead  weight  of  the  pistons,  etc.,  is  ar- 
rested at  the  point  to  which  it  has  been  thrown  up 
by  the  steam,  and  time  is  given  for  the  valves  of 
the  pump-pistons  to  close  before  the  down-stroke  of 
the  steam-pistons  is  made  ;  then,  the  equilibrium- 
valve  being  opened,  the  hydraulic  apparatus  is 
liberated  at  the  same  moment,  and  the  steam  passing 
from  beneath  the  small  x>iston  above  both  pistons, 
the  pressure  on  both  sides  of  the  small  one  is  equal- 
ized, while  nearly  two  thirds  of  the  steam  acts  upon 
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the  annular  piston  against  a  vacuum,  and  in  aid  of 
the  dead  weight  helps  to  make  the  down-stroke  in 
the  steam-cylinder  and  the  up-stroke  in  the  pumps. 
The  use  of  the  two  cylinders  enables  the  engine- 
man,  by  judiciously  altenng  the  expansion  in  the 
small  cylinder,  to  command  his  work  at  all  times, 
without  stopping  the  eusine  to  take  out  or  put  in 
dead  weight,  as  would  oe  necessary  for  a  single- 
acting  one-cvlinder  engine,  where  dead  weight  only 
is  us^  for  lifting  the  water.  It  has  frequently  oc- 
curred that  the  load  of  an  engine  has  been  added  to 
or  diminished  by  ten  or  twelve  tons  in  the  course  of 
half  an  hour,  by  the  action  of  gales  of  wind  on  the 
surface  of  the  mere  and  boezem.  Each  engine  has 
two  air-pumps  of  40  inches  diameter,  and  6  feet 
stroke.  The  steam  is  cut  off  in  the  small  cylinder 
at  from  one  fourth  to  two  thirds  of  the  stroke,  ac- 
cording to  the  load  ;  and  after  expanding  through 
the  remainder  of  the  stroke,  it  is  still  farther  ex- 
panded in  the  large  cylinder. 

The  engines  were  designed  and  constructed  by 
Gibbs  and  Dean,  English  engineers,  and  the  proof 
of  quality  is  that  upon  occasion  the  engines  nave 
worked  up  to  a  duty  of  87,000,000  pounds.  The  cost 
of  the  machiiieiT  and  building  was  about  $  750,000. 

The  mere  is  now  a  tract  fully  subdued  to  the  pur- 
poses of  agriculture. 

For  elevation  and  plans  in  details  of  the  engines, 
see  "Civil  Engineer's  and  Architect's  Journal," 
Vol.  X. :  London,  1847. 

Drain'ing-ina-Ghizie'.  A  form  of  filter  or  ma- 
chine for  expediting  the  separation  of  a  liquid  from 
the  magma  or  mass  of  more  solid  matter  which  it 
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Drain'ing-plow.  A  ditching-plow.  A  favorite 
English  kind  has  three  colters,  two  moldboards,  and  a 
share.  ltisshownatylif(Fig.  1744).  The  middle  col- 
ter is  vertical,  and  splits  the  soil  in  the  middle  of  the 
furrow  ;  the  two  side  cutters  are  inclined,  to  cut  the 
sloping  sides  of  the  ditch  ;  the  share  cuts  the  bottom 
of  the  ditch,  and  the  moldboards  lift  the  soil  in  two 
slices,  which  are  deflected  laterally  and  delivered  on 
the  respective  sides  of  the  ditch.  The  usual  dimen- 
sions of  a  ditch  thus  made  are  12  inches  deep,  15 
inches  wide  at  top,  and  8  inches  at  the  bottom. 

Fowler's  drain mg-plow  (English)  was  exhibited  in 
1850,  and  was  peculiar  in  the  respect  that  it  laid  the 
drain-tile  in  its  rear.     The  plow  had  a  mole  at  the 


Fig.  1744. 


saturates.  It  consists  of  a  revolving  vessel  with 
perforated  or  wire-gauze  outer  surface,  which  allows 
the  fluid  portion  to  escape  while  it  retains  the  solid 
mrticles.  It  is  much  used  in  draining  sugar.  See 
Ckntrifuoal  Machine. 


Draining'  Ftmos. 


end  of  the  sharp,  broad  standard,  and  attached  to 
the  mole  was  a  rope  upon  which  the  sections  of  drain- 
tile  were  strung.  As  the  mole  advanced,  it  drew  in 
the  string  of  tiles. 

"When  it  is  desired  to  cut  a  trench  deeper  than 
can  be  effected  by  the  ordinary  mode  of  using  the 
plow,  the  arrangement  shown  at  C  (Fig.  1744)  is 
employed. 

An  anchor  or  hook  I  is  inserted  in  the  groun'd, 
affording  a  fixed  point  of  resistance  to  the  pulley  k. 
Force  is  applied  to  the  handle  at  tlie  top,  which  com- 
municates motion  to  the  wheel  A,  witn  a  very  great 
increase  of  power,  and  the  acting  portions  of  the 
plow  c  rf  are  forced  through  the  soil.  The  arrange- 
ment at  a  6  enables  the  conductor  to  give  the  required 
depth  to  the  furrow.  A  roller  g,  resting  on  the 
ground,  supports  the  forwai-d  portion  of  tne  plow. 
See  Excavator. 

Drain'ing-pot.  {Svgar-nmnufadure.)  An  in- 
verted conical  vessel  in  which  wet  sugar  is  placed  to 
drain. 

Drain'ine-painp.  A  pump  {pompe  caslraise) 
for  elevating  water  containing  sand  and  gravel. 
The  single  cylinder  is  open  Ijoth  at  top  and  bottom, 
and  is  traversed  by  a  piston  without  a  valve.  The 
cylinder  is  inclosed  in  a  larger  vessel,  water-tight, 
which  is  itself  filled  with  water.  This  lai^^r  vessel 
is  divided  into  two  equal  parts  vertically,  by  a  par- 
tition which  joins  the  working  cylinder,  so  that  the 
cylinder  itself  forms  a  part  of  the  division.  One  ex- 
tremity of  the  cylinder  communicates  with  the  cavity 
on  one  side  of  the  partition,  and  the  other  with  the 
opposite.  The  four  valves  are  large  bells  of  india- 
rubber,  loaded  in  the  interior  with  lead.  They  are 
contained  in  separate  boxes  by  the  side  of  the  prin- 
cipal box,  and  are  in  communication  by  pairs  with 
the  two  cavities  into  which  that  box  is  divided. 
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Fig.  1746. 


Dravning-Fump. 


The  figure  given 
show8  a  section  of 
the  cylinder,  and  a 
view  of  the  arrange- 
ment of  the  pair  of 
valves  corresponding 
to  the  nearer  half  of 
the  cylinder  reser- 
voir. The  piston  is 
represented  as  at  the 
bottom  of  the  stroke  ; 
as  it  rises  the  lower 
valve  is  raised  by 
aspiration  and  water 
enters  ;  as  the  piston 
descends  the  lower 
valve  closes  and  the 
upper  one  rises  to 
allow  the  water  to 
flow  out.     The  other 


pair  of  valves  (not  shown)  have  their  induction  and 
eduction  by  the  depression  and  elevation  of  the  pis- 
ton^ respectively . 

1.  (Brewing.)  The  pipe  through 
which  the  wort  is  drawn  from  the 
mash-ticb  to  the  under-back. 

2.  {Husbandry.)  Clav  pipe, 
known  as  drain-tiles,  laid  be- 
neath the  Surface  of  the  soil  below 
plow  depth,  in  order  to  carry  off 
superfluous  water  and  increase 
the  fertility  and  ease  of  working 
the  soil.     See  Tiles. 

The  tem|)ered  clay  being  placed 
in  a  cylinder,  the  piston  is  de- 
pressed and  the  clay  exudes 
through  the  annular  throat  of  the 
dodf  fonnin^  a  continuous  cylin- 
der which  IS  cut  by  a  wire  into 
sections  of  the  required  length. 
Drain-tiles  are  of  many  forms.    See 


PipcMaeAine. 


Drain-tUe. 

Tile. 

They  are  usually  laid  by  opening  a  cutting  in 
the  ground  as  narrow  at  top  as  can  be  conveniently 
worked,  and  at  bottom  fonning  a  smooth  bed  in 
which  the  tile  fits.  The  spades  for  this  purpose  are 
made  tapering,  and  of  different  sizes.  See  Spade  ; 
Deain. 

Gibbs's  plow  for  opening  the  ground  was  used  in 
England  about  twenty  years  since,  and  made  a  trench 
witn  vertical  sides,  of  the  width  for  the  tile  to  lie 
in. 

Fowler's  machine  for  laying  drain-tiles  was  a 
mole-plow  for  making  holes  in  the  ground  at  a  depth 
of  from  2  to  4  feet,  and  drawing  into  the  hole  thus 
made  a  ro))e  upon  which  a  succession  of  drain-tiles 
was  strung. 

It  has  an  apparatus  attached  for  raising  or  sinking 
the  plow,  so  as  to  lay  a  level  drain  under  an  uneven 
surface  ;  it  is  drawn  by  the  power  of  a  windlass,  and 
one  horse's  power  exerted  there  will  move  the  plow 
a  yard  in  twenty  seconds  at  a  depth  of  2  feet  6  in- 
ches. Three  horses,  four  men,  and  six  boys  will 
keep  two  plows  going,  and  lay  4,000  feet  in  a  day 
at  a  depth  of  3  feet.   See  DRAiN-prx)W  ;  Mole-plow. 

A  hole  requires  to  be  dug  for  the  machine  at  every 
hundred  yards,  or  six  for  an  acre. 

Drain-trap.  A  device  for  allowing  water  to  pass 
off  without  admitting  the  passage  of  air  through  the 
duct.    See  Stench-trap. 

Drain-well.  A  pit  sunk  through  an  impervious 
stratum  of  earth  to  reach  a  (lervious  stratum  and 
form  a  means  of  drainage  for  surface  water,  or  a 
means  of  discharge  of  such  liquid  waste  from  manu- 


factories as  would  foul  the  running  water  of  streams. 
Such  wells  are  properly  termed  absorbing-wells  (which 
see),  and  by  Arago  ai'e  called  negative  artesian-wells, 
—  a  term  more  curious  than  profound.  In  former 
times  the  plain  of  Paluns,  near  Marseilles,  was  a 
morass,  but  was  drained  by  means  of  absorbing- wella 
dug  by  King  Ren^  ;  the  waters  thus  carried  off  are 
said  to  have  formed  the  fountains  of  Mion,  near 
Cassis.  The  lake  of  Joux  is  supplied  from  the  river 
Orbe  in  the  Jura  and  the  lake  of  Rousses,  and  has 
no  visible  outlet.  It,  however,  maintains  about  an 
even  level,  and  has  evidently,  as  observed  by  Saussure, 
"subterranean  issues  by  which  the  waters  are  en- 
gulfed and  disappear."  The  inhabitants  of  this  val- 
ley keep  up  tneir  absorbing-wells  with  care,  and 
oi)en  new  ones  15  to  20  feet  in  depth  whenever  the 
surface  water  appears  to  be  too  slowly  carried  off. 
The  waters  reappear  in  a  large  spiing  called  Orbe, 
two  miles  below  the  southern  extremity  of  the  lake, 
issuing  at  a  point  680  feet  below  the  level  of  the 
surface  of  the  lake. 

A  potato-starch  manufactor}'  at  Villetaneuse, 
three  miles  from  St.  Denis,  France,  is  rid  of  16,000 
gallons  of  fetid  waste  water  per  day,U'ith  what  effect 
upon  neighboring  or  distant  wells  or  snrin^s  docs 
not  appear.  The  town  of  Alexandria,  Virginia,  is 
situatea  upon  an  impervious  clay  of  from  10  to  15 
feet  thickness,  and  a  common  mode  of  house  and 
closet  drainage  is  by  wells  which  reach  through  this 
stratum  into  the  sand  substratum  beneath.  Good 
for  the  houses,  bad  for  the  wells  of  drinking-water. 

Drap-d'ete.  (Fabric.)  Summer  cloth  twilled 
like  merino. 

Dranght.    See  Draft. 

Dran^tB.    See  Checkerb. 

Draw ;  Drawling.  A  tension.  The  tenn  forms 
part  of  compound  words  concerned  in  the  draft  of 
railroad-cars.  Such  are  draw  gear,  head,  link,  spring, 
etc. 

It  also  describes  other  attenuating  processes,  as 
the  pulling  of  wire  through  an  aperture  in  the 
Draw-plate  (which  see). 

The  lengthening  of  a  heated  rod  by  hammering. 

The  action  of  rollers  and  other  tension  on  slivers 
or  rolls  of  tiber.     See  Drawing-frame. 

2.  (Founding.)  Said  of  a  pattern  whose  shape  is 
such  that  it  may  be  withdrawn  from  the  sand  without 
breaking  the  molded  form.     Delivery  ;  draft,  taper, 

8.  (Spinniiig.)  The  gaining  of  the  nmle-carriage  ; 
its  progress  after  the  feed  is  stopped  draws  out  the 
yam. 

Draw-bar.  An  iron  rod  to  connect  a  locomotive 
with  a  tender. 

Drai^-bench.  A  machine  for  drawing  slips  of 
metal  through  a  gaged  opening.  See  Drawing- 
bench. 

Draw-bore.  (Carpentry.)  A  hole  so  made 
through  a  tenon  and  mortise  that  the  pin  will  draw 
up  the  shoulder  to  the  abutment  The  hole  through 
the  tenon  is  bored  at  a  distance  from  the  shoulder 
less  than  the  thickness  of  the  cheeks  measured  be- 
tween the  hole  through  the  mortise  and  the  face 
of  the  abutment  against  which  the  shoulder  is 
drawn. 

Draw-bor'ing.  The  operation  of  polishing  a 
musket-barrel  after  it  has  been  rifled. 

Draw-boy.  (Weaving.)  Formerly  the  boy  who 
pulled  the  cords  of  the  harness  in  figure- weaving. 
A  term  sometimes  applied  to  the  mechanical  device 
which  forms  a  substitute  for  the  boy.     See  Jac- 

QUARD. 

Draw'-bridge.  A  form  of  bridge  in  which  the 
span  is  removable  from  the  opening  to  allow  masted 
vessels  to  pass,  or  to  prevent  crossing. 
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The  earliest  mention  of  these  is  in  the  Egyptian 
monuments,  where  Rameses  II.  celebrated  his  vic- 
tories over  fortified  cities,  1355  B.  c.  He  is  sup- 
posed to  be  the  Sesostris  of  Herodotus  and  Diodo- 
rus.  The  sepulchral  and  palatial  paintings  repre- 
sent the  brieves  as  crossing  the  moats  around  castles 
and  fortified  towns. 

Drawbridges  are  used  in  crossing  canals,  rivers, 
and  dock  entrances,  which  are  occasionally  traversed 
by  masted  vessels. 

They  are  also  a*ied  in  crossing  the  ditches,  fosses, 
and  moats  of  fortifications. 

They  are  of  four  kinds  :  — 

1.  The  lifting. 

2.  The  swing. 
8.  The  bascide. 
4.  The  rolling. 

1.  The  li/tvvg-hridge  is  used  in  Holland  upon  the 
canals  and  in  fortifications,  in  places  where  the  road- 
way is  near  the  level  of  the  water.    The  bridge  is 


Draw-fil'ing.  Drawing  a  file  longitudinally  of 
a  piece  of  metal  without  giving  the  file  any  move- 
ment in  the  direction  of  its  length. 

Draw-gage  Cnfter.  A  harness-maker's  tool 
for  cutting  stri^w  of  leather  of  any  set  width.  See 
Gaok-knife. 

Draw-gate.  The  valve  of  a  sluice,  either  of  a 
canal,  a  Hushing  arrangement,  or  a  flume  or  pen- 
stock of  a  water-wheel. 

Draw-gear.  The  coupling  parts  of  railroad-cara. 
See  Cau-couplino. 

Draw-head.  1.  {Railway.)  The  projecting  part 
of  a  draw-bar  in  which  the  coupling-pin  connects 
with  the  link.     See  Car-couplino. 

2.  {Spinning.)  A  device  in  spinning  in  which 
the  slivers  are  lengthened  and  receive  an  additional 
twist. 

A  fonn  of  draw-head  which  lengthens  the  roving 
and  twists  it  simultaneously  is  shown  in  Fig.  1748. 


RoUing'Briflgt. 

into  a  pit  built  with  hydraulic  masonry.  This  pit  is 
not  material,  perhaps,  in  fortifications,  but  is  not 
desirable  in  ordinary  road  or  dock  work.  The  bos- 
euU  may  be  seen  at  Havre  and  Hull.     See  Bascule- 

BRIDOB. 

4.  The  rolling-bridac  has  been  introduced  on  some 
English  railways.  The  bridge  |Hisses  laterally  upon 
a  carriage  until  it  has  ]msse<l  the  junction  of  the  line 
of  rails,  and  then  rolls  inward  to  leave  the  ^vater-way 
clear. 

In  the  example,  the  movable  care  or  platforms  arc 
susjiended  by  rods  and  fonn  traveling  trucks,  which 
run  upon  rails  laid  on  the  top  of  metallic  tubes  sup- 
ported on  pillars,  and  which  serve  also  as  viaducts, 
oy  which  means  the  crossing  of  streams  is  afforded 
to  traffic  and  travel.  The  tubes  are  to  be  elevated 
sufficiently  to  allow  vessels  to  pass  under  the  same. 

Draw-cut.  An  oblique  motion  of  a  knife,  so  as 
to  move  lengthwise  across  an  object  as  well  as  cut- 
ting into  it. 

Draw'er-lock.  A  form  of  inside  or  mortise  lock 
which  projects  its  bolt  upwardly  into  the  strip  above. 


Drmeing  und' Twisting  Head. 

The  process  is  effected  in  small  space  at  one  oper- 
ation by  means  of  the  combined  condensing-tube  e 
and  draw-rollere  m  m.  These  latter  are  adjust- 
ably joumaled  in  a  box  n  at  the  en<l  of  the  tube  c, 
so  that  they  revolve  with  the  tube  on  a  common 
axis  passing  through  the  center  of  the  tube  and  be- 
tween the  rollere.  This  revolution  is  effected  by 
belt  and  pulley.  They  have,  however,  an  indepen- 
dent motion  on  their  own  axis,  at  right  angles  to 
this  common  axis,  which  is  derive*!  from  indepen- 
dent bevel-gears  o  q.  The  roving  from  the  spool  F 
is  drawn  by  the  first  set  of  take-up  rollere  a  a'  cfl 
into  the  condensing-tube,  thence  ^mssing  through 
the  drawing-rollera  m  m,  whase  speed  of  rotation  on 
their  independent  axis  may  be  so  adjusted  relatively 
to  their  rotary  motion  in  common  with  the  tube  c 
as  to  give  any  required  degree  of  twbt.  The  yarn 
then  passes  to  the  second  set  of  take-up  rollers,  and 
th(>nce  to  the  spindle  D  as  usual. 

Drawing.  1.  {Fiber.)  Extenduig  a  sliver  for 
the  purpose  of  drawing  its  fibcre  )virallel  and  in- 
creasing  its  length.     The  dratring  and  dovMing 
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process  first  draws  out  the  slivers  as  produced  by  the 
finishing  canl  by  means  of  drawing-rollers,  and  then 
unites  several  of  these  into  one.  The  object  of  the 
first  operation  is  to  draw  each  fiber  i>ast  the  next 
one,  thus  placing  then>  still  more  completely  |)arallel 
to  each  other ;  while  that  of  the  second  is  to  neu- 
tralize the  inequalities  in  each  separate  sliver,  and 
to  strengthen  them  after  having  been  extended. 
See  Drawing-frame. 

The  drawing  of  long  wool  for  worsted  is  somewhat 
similar  to  the  operation  with  cotton.  The  slivers 
are  combined,  attenuated,  and  twisted  ready  for  the 
farther  operation  of  spinning. 

Flax  is  drawn  in  substantially  the  same  manner 
as  cotton,  some  modifications  in 
the    arrangements  atlapting    the 
machinery  to  the  matenal. 

The  hackled  flax,  having  been 
carefully  sorted  into  grades  of 
quality  by  the  sorterf  is  spread 
upon  a  feeding-cloth  by  hand,  in 
such  a  manner  that  the  forward 
ends  of  each  strick  reach  to  the 
middle  of  the  preceding  one,  so  as 
to  preserve  a  uniform  thickness 
on  the  feed-cloth,  the  stricks  of 
hackled  flax  being  smaller  at  the 
ends  than  in  the  middle. 

The  flax  is  thus  fed  to  one  ymr 
of  rollers,  which  deliver  it  through 
gUls  or  hackle-points  to  a  second 
pair  of  rollers  revolving  at  a  grwat- 
er  speed.    It  is  then  conducted  to 


a  can. 

These  slivers  are  next  taken  to 
the  spreading-frame,  where  a  num- 
ber of  them  are  laid  together  and 
drawn  into  one  length  by  passing 
between  consecutive  pairs  of  roll- 
ers, each  pair  rotating  at  a  rate  above  that  of  its  pre- 
decessor. 

The  arrangements  vary  in  the  production  of  dif- 

Kg.  1740. 


Drawing  Flax. 

ferent  yams,  but  in  a  given  case  eight  slivers  may 
be  drawn  into  one  in  the  first  fmme,  twelve  into  one 
in  the  second,  fifteen  into  one  in  the  third. 

The  sliver  when  sufficiently  equalized  and  at- 
tenuated proceeds  to  the  rovivg-machhie^  which 
gives  it  a  slight  twist  and  winds  it  on  bobbins  ready 
for  spinning. 


2.  {lP''eaving.)  The  arrangement  of  the  lieddles 
in  accordance  with  the  requirements  of  the  ornament 
to  be  exhibited.     The  draft  or  cording  of  the  loom. 

3.  The  making  or  copying  of  plans,  and  views  of 
buildings,  machinery,  and  other  structures. 

In  this  contiection  we  have  the  compound  woi-ds  :  — 

Drawing-board.  Draw.ing-pen. 

Drawing-compass.  Drawing-Jjencil. 

Drawing-paper.  Drawing-slate,  etc. 

4.  (Metal-working.  \  The  operation  of  hammering, 
rolling,  or  drawing  tnrough  a  die,  by  which  a  bar 
or  rod  of  metal  or  a  wire  is  extended  in  length  to 
form  a  rod,  tube,  or  plate. 


Draunng -Bench, 

Draw'tng-a^trl.  {Leather.)  A  leather- worker's 
awl,  having  a  hole  near  the  point  in  which  the  thread 
is  inserted  and  ]mshed  through  in  sewing,  etc. 

Draw'ing-DenolL  An  apparatus  invented  bv 
Sir  John  Barton,  formerly  comptroller  of  the  British 
Mint.  Strip  of  metal  are  brought  to  an  exact  thick- 
ness and  width  by  being  drawn  through  a  gaged 
opening,  made  by  two  cylinders  in  the  required  prox- 
imity and  prevented  from  rotating. 

The  cylinders  are  fastened  in  a liead  a  at  one  end 
of  a  bench,  and  the  sharpened  end  of  the  metallic 
strip  is  thrust  through  them  so  as  to  be  grasped  by 
a  pair  of  jaws  on  a  carriage  6,  which  is  retracted  by 
an  endless  chain.  When  the  strip  has  passed  through 
the  throat,  it  is  automaticaUy  disengaged  from  the 
jaws,  and  the  caniage  retuins.  The  operation  is 
similar  in  principle  to  that  of  drawing  wire  through 
a  draw-plate. 

Draw'ing-board.  A  sc^uare  frame,  with  either 
a  continuous  surface  or  a  shiftable  panel,  for  holding 
a  sheet  of  pa))er  while  plotting,  projecting,  etc. 

Draw'ing-oom'paas.  An  instrument  with  two 
legs,  used  for  striking  circles  and  curves.  One  leg 
has  a  pen  or  pencilf  and  it  has  several  modifications, 
such  as  bow-pen^  bow-pencil^  beam-compass^  etc. 

Compasses  for  measuring  and  transferring  measure- 
ments are  called  dividers,  bisecting-compass,  pro- 
portional compass,  etc.     See  Compaks. 

Draw'ing-frame.  1.  A  machine  in  which  the 
slivers  of  cotton  or  other  wool  from  the  carding-ma- 
chine  arc  attenuated  by  passing  through  consecutive 
pairs  of  rollers,  each  successive  pair  rotating  at  a 
higher  speed  than  its  predecessors. 

The  device  was  first  invented  by  Leon  Paul,  pa- 
tented 1788 :  and  perfected  by  Arkwright,  patent 


Digitized  by 


Google 


DRAWING-FRAME. 


744 


DRAWING-PEN. 


1769.  It  was  called  a  toaUr-frame^  from  the  cir- 
cumstance that  Arkwright's  machinery  was  driven 
by  water-power. 

It  was  naroetl  a  throstle  from  the  brisk  singing  or 
humming  sound  made  by  it.     See  Throstle. 

It  is  used  in  the  process  of  doubling  slivers  (see 
DouiiLfiii),  and  U  indispensable  in  the  bobbin-and- 
Jly  machine  and  the  mule  (which  see). 

The  drawing-frame,  disconnected  with  any  spin- 
ning operation,  is  a  machine  to  elongate  the  spongy 
slivers  produced  by  the  carding-eugine,  to  straighten 
the  filaments  and  lay  them  parallel. 

The  drawing-frame  is  also  used  to  equalize  slivers 
by  condensing  a  number  into  one  (see  Dottblino), 
and  then  elongating  them  so  as  to  overcome  si)ecial 
defects.  Filaments  which  have  become  donbleu  over 
the  teeth  of  the  carding-machine  are  also  straightened 
in  the  process  of  doubling  and  drawing. 

The  drawing-frame  consists  of  three  pairs  of  roll- 
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ers,  the  upper  ones  being  covered  with  leather  and 
the  lower  ones  fluted  longitudinally.  The  up- 
per ones  have  an  imposed  weight,  and  the  lower 
ones  are  driven  by  j^wwer,  and  carry  those  above. 
The  rollers  are  driven  with  varying  degrees  of  veloc- 
ity ;  the  second  6,  say,  at  a  speed  double  that  of  the 
first  e,  and  the  third  or  deliveiy  rollers  a  at  a  speed 
li/e  times  that  of  the  second  b. 

The  delivery-ix)llers,  called  the  /roTi^rollers,  turn 
in  brass  lushes  in  flxed  iron  bearings,  but  tlie  other 
roller-brasses  are  a(^'ustable  in  grooves  towards  and 
from  each  other  and  the  front  roller,  to  adapt  their 
distances  to  the  length  or  staple  of  the  cotton  oper- 
ated upon. 

The  card-ends  or  slivers  n  m,  from  separate 
cans,  are  united  and  pre&sed  together  between  the 
rollers  (doubling),  and  by  the  increased  speed  of  tho 
successive  pairs  are  drawn  out  into  a  flat  sliver,  two 
of  which  are  combined,  passed  through  a  funnel  /, 
between  compacting  rollers  K  JT,  and  thence  to 
a  can.  A  board  above  the  upper  rollers  has  flannel 
on  its  lower  surface,  and  acts  as  a  wiper. 

The  operation  is  as  follows  :  — 

Suppose  six  slivers  from  the  carding-machine,  or 
card-end%  to  be  inserted  and  passed  through  the 
flrst  pair  of  rollers,  the  second  pair,  traveling  at  dou- 
ble the  rate  of  the  former,  will  elongate  every  inch 
of  the  com{M>und  sliver  into  two  inches,  and  the 
third  will  make  it  ten  inches,  so  that  the  combined 
sliver  is  foimed  into  one  of  ten  times  the  length  and 
proportionate  size  ;  this  process  is  repeated  again  and 
again,  so  that  in  very  fine  yam  the  fibers  are  laid 
parallel  to  each  other  many  thousands  of  times,  and 
with  coarse  yarns  as  many  as  a  thousand  times. 
For  instance  :  — 

Ten  card-ends  formed  into  one  ribbon  of  the  same 
size  and  six  times  the  length  ;  six  of  these  ribbons 
sihiilarly  treated  and  formetl  into  one  ;  six  of  the 
latter,  by  a  thiixi  operation,  formed  into  one  sliver  ; 
and  five  of  the-sc  drawn  into  one, —  will  have  the  ef- 


fect of  placing  the  fibers  parallel  to  each  other  1080 
times  (6  X  6  X  6  X  5  =  1080). 

The  drawing-frame  for  long-stapled  wool  is  for 
drawing  out  and  extending  the  shvero  which  have 
already  been  operated  upon  by  the  Breaking-fiiamb 
(which  see).  This  is  a  repetitive  operation,  and  it 
is  usual  to  pass  the  wool  through  the  breaking-frame 
and  four  times  through  the  draunng-frame  before 
roving.  These  slivera  are  united  at  each  drawing, 
and  are  extended  to,  say,  four  times  the  length.  The 
result  is  an  actual  extension  and  an  oft-repeated  lay- 
ing of  the  slivera  alongside  of  each  other,  so  as  to 
blend  them  and  reduce  inequalities. 

2.  {SUk-macliinery.)  A  nwhine  in  which  the 
fibers  of  floss  or  refuse  silk  are  laid  parallel,  prepara- 
tory to  being  cut  into  len^hs  by  the  cti^inj^-engine, 
to  be  aften^'ards  worked  like  cottoiu 

The  order  of  the  machines  is  as  follows  :  — 

Hackling. 

Filling-engine  (which  see). 

Draunng-frame  ;  the  filaments  are  held  firmly  by 
one  end,  and  a  comb  travels  over  the  surface  to  re- 
move impurities  and  short  fibere. 

OuUivg-cnginc  reduces  the  filaments  to  a  staple 
about  1^  inches  in  length. 

Sciitchcr. 

Cleanser  and  dryer. 

Carding-machine. 

From  whence  the  staple  is  treated  like  cotton. 
See  Carding  -  MACU INE  ;  Drawing;  Doubling; 
Roving-machine  ;  Throstle  ;  Bobbin-and-Flt 
Frame,  etc.     See  list  under  Cotton,  etc.,  p.  631. 

Draw'ing-in.  {Weaving.)  The  process  of  ar- 
ranging the  yarn  threads  in  the  1oo|)a  of  the  respec- 
tive heddUs. 

Draw'ing-knife.  1.  A  blade  having  a  handle 
at  each  end,  and  used  by  coopers,  wagon-makers, 
and  carpenters.  It  is  usually  operated  in  connection 
with  a  shaving-hoi-se,  which  holds  the  stave,  spoke, 
shingle,  axe-handle,  or  other  article  which  is  being 
shaved. 

2.  A  tool  used  for  cutting  a  groove  as  a  starting 
for  a  saw-kerf. 

Draw'injg-ma-ohine'.  1.  One  for  elongating 
the  soft  roving  of  fiber.     See  Drawing-frame. 

2.  One  for  drawing  a  strip  of  metal  through  a 
gaged  opening  to  equalize  its  size.  See  Drawing- 
bench. 

8.  A  form  of  spinning-machine  for  ductile  sheet- 
metal. 

Draw'ing-pa'per.  A  variety  of  large  white 
paper,  made  preferably  of  linen  stock,  and  of  14 
sizes. 

The  sizes  of  drawing-paper  are,  — 


Cap  .         .         . 

.     13 

X   16    inches. 

Demy    . 

15.5 

X   18.5    " 

Medium    . 

.     18 

X   22       ** 

Royal    . 

19 

X   24 

Super-royal 

.     19 

X   27       •• 

Imperial 

21.25  X    29        •* 

Elephant  . 

.     22.25  X    27.75  *• 

Columbier     . 

23 

X   83.75  ** 

Atlas 

.     26 

X   33       '* 

Theorem 

28 

X    34       " 

Double  Elephant 

.     26 

X    40       " 

Antiquarian  . 

81 

X   52       " 

EmjK'ror    . 

.     40 

X   60       " 

Uncle  Sam     . 

48 

X 120       " 

These  are  about  the  usual  sizes,  but  the  scales  of 
different  makers  vary  to  some  extent. 

Draw'ing-pen.  A  pen  for  ruling  lines,  consist- 
ing, in  its  most  usual  form,  of  a  pair  of  steel  blades, 
between  which  the  ink  is  contained,  the  thickness  of 
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fig.  1762 


the  line  being  determined  by  the  adjust- 
ment as  to  distance  of  the  said  blades. 

The  ends  of  the  steel  blades  are  ellip- 
tical, sharp,  and  exactly  even.  A  rul- 
ing-pen,    A  straight-line  pen. 

n  is  a  5tn^^- drawing  pen. 

b,  a  (]{au6/0-drawing  pen,  for  ruling 
two  lines  at  once. 

A  c^^tTi^-pen  makes  a  succession  of 
dots,  being  formed  of  a  roulette  rotat- 
ing in  a  stock.     See  Dottino-pen. 

Draw'ing-pen'oiL  A  black-lead 
pencil  of  hard  quality,  made  especially 
for  drawing  lines.     See  Lead-pencil. 

Fig.  176a 


Fig   1764. 


Drawing' Pent. 

Draw'ing-pin.  A  flat-headed  tack  for  tempo- 
rarily securing  drawing-paper  to  a  board.  A  thumh- 
tack. 

Draw'ing-pli'enk  (Wire-draioing,)  The  nip- 
pers whereby  the  wire  is  grasped  when  pulling 
through  the  draw-plate. 

Draw'ing-point.  A  steel  tool  for  drawing 
straight  lines  on  metallic  plates.  A  scriber  for 
metal.  The  draw-point  or  dry-point  of  an  engraver 
makes  its  mark  directly  upon  the  metal,  and  not  as 
the  etching- point,  which  makes  a  mark  through  a 
ground,  the  line  being  subsequently  eaten  into  the 
metal  by  acid.     See  Etching. 

Draw'ing-rorier.  The  fluted  roller  of  the 
drawing-machine,  elongating  the  sliver.  See  Draw- 
ing-frame. 

Draw-kiln.  A  lime-kiln  arranged  to  afford  a 
continuous  supply  of  lime  from  btlow,  fuel  and 
limestone  being  fed  in  above  from  time  to  time. 
Also  called  a  ninning-kilny  or  continuous  kiln. 

Draw-link.  A  connecting  link  for  railroad  cars. 
See  Car-coupling. 

Draw-loOQL  (Weaving,)  The  draw-loom  was 
the  predecessor  of  the  jacqiuird.  It  is  used  in  figure- 
weaving.  The  number  of  the  heddles  being  too  great 
to  be  worked  by  the  feet  of  the  w^eaver,  the  warp- 
threads  are  passed  through  loops  formed  in  strings, 
arranged  in  a  vertical  plane,  one  string  to  everj'' 
warp-thread  ;  and  these  strings  are  arranged  in  sepa- 
rate groups,  which  are  pulled  by  a  draw-bojf,  in  such 
order  as  may  be  required  to  produce  the  pattern. 
The  groups  are  drawn  by  pressure  on  handles,  the 
required  order  being  determined  by  reference  to  a 
desi<?n,  painted  on  paper,  which  is  divided  up  into 
small  squares. 

A  mechanical  di-aw-boy  has  been  contrived,  to 
dispense  with  human  assistance.  It  consists  of  a 
half-wheel  with  a  rim  grooved  so  as  to  catch  into 
the  strings  requiring  to  be  pulled  down.  The  half- 
wheel  travels  along  a  toothwl  bar,  with  an  oscillating 
motion  from  right  to  left,  and  draws  down  the  par- 
ticular cords  required  for  the  jmttern. 

Dra'wn-bruBh.  One  in  which  the  tuft  or  Jbiot 
is  drawn  into  the  hole  in  the  stock  by  a  loop  of 
copper  wire. 

This  generic  description  includes  hair,  scrubbing, 
shoe,  clothes,  nail,  and  tooth  brushes. 

Draw-plate.  A  drilled  steel  plate  or  ruby 
through  which  a  wire  or  ribbon  of  metal  is  drawn  to 
reduce  and  equalize  it. 

a  represents  a  ruby  draw-plate  for  gold  or  silver 
wire. 


^u 


Draw-PUUe*  and  Bench. 

b  a  draw-plate  for  evening 
the  pendulum  springs  for 
chronometers. 

c  is  a  draw-plate  of  metal 
for  tube  drawing.  d 

d  are  sections  of  wire  of 
various  shapes  drawn  through 
plates.  MB        ^  ^ 

<;  represents  forms  of  pinion  ^ 

wire.  w 

/  shows  fancy  forms  of  wire      ^ 
used  with  others  as  pins  in  the  surface  of  a  wooden 
block  used  in  calico-printing. 

The  essential  feature  of  wire-drawing  is  the  draio- 
plaU.  This  was  probably  known  at  Nuremberg 
early  in  the  fourteenth  century,  and  how  much 
before  is  not  apparent.  The  "History  of  Augs- 
burg," 1351,  aA(l  that  of  Nuremberg,  1360,  mention 
the  "wire-drawer"  (Drahtziehcr).  The  draw-plate 
was  imported  into  France  bv  Archal,  and  into  Eng- 
land by  Schultz  (1565).  The  drawplate  is  ])robably 
an  Oriental  invention. 

The  draw-plate  is  made  of  a  cylindrical  piece  of 
cast-steel,  one  side  being  flatted  off.  Several  holes 
of  graduated  sizes  are  punched  through  the  plate 
from  the  flat  side,  and  Uie  holes  are  somewhat  coni- 
cal in  form.  The  wire  is  cleaned  of  its  oxide  in  a 
tumbling-box,  and  is  then  annealed.  It  is  then 
drawn  through  as  many  of  the  holes  in  succession 
as  may  be  necessary  to  bring  it  to  the  required  size. 
The  wire  is  occasionally  annealed  to  remove  the 
hardness  incident  to  compression  in  the  plate,  and 
the  wire  pickled  to  remove  scale. 

The  sharpened -^nd  being  passed  through  a  hole 
in  the  plate,  the  wire  is  drawn  through  sufficiently, 
to  attach  it  to  the  wheel.  This,  being  revolved, 
draws  the  wire  through  the  plate  and  reels  it  up  as 
drawn.  The  coil  from  which  it  is  drawn  is  dampened 
with  stareh-water  or  beer-grounds  as  a  lubricator. 
The  Hindoo  Sondrs,  who  are  noted  for  their  dex- 
terity in  drawing  gold -wire,  nse  castor-oil  as  a  lubri- 
cator.    Wax  and  tallow  are  commonly  employed. 

Strips  and  angle-iron  of  metal  are  made  by  passing 
through  draw-plates  of  the  required  shane.  The 
pinion-wire  for  watches  is  thus  made,  and  also  strips 
and  rods  of  various  forms,  which  are  cut  in  sections 
and  driven  like  pins  into  the  hubs  of  calico-rollera, 
forming  the  dots,  leaves,  etc.,  of  patterns. 

For  nne  work,  such  as  the  drawing  of  gold  and 
silver  wire,  the  draw-hole  is  made  of  a  drilled  ruby. 
The  wire  for  pendulum-springs  of  watches  is  drawn 
through  a  pair  of  flat  rubies  with  rounded  edges. 
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Fig.  1765. 
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Tubes  for  telescopes  are  drawn  upon  a  mandrel. 
Gun-ben-els,  boiler  and  'condenser   tubes,    lead- 
pil»e,  sli|)s  for   music- tj'pe,  window-lead,  etc.,  are 
also  drawn,  or  may  be. 

French  draw-plates  are  described  as  being  made 
by  the  following  process  :  — 

A  piece  of  wrought-iron  is  prejwred  1  inch  thick, 
2  broad,  and  12  long.  This  is  furrowed  on  one  side 
by  the  peen  of  a  hammer,  so  as  to  receive  a  layer  of 
partially  decarbui-etted  cast-iron,  called  polin.  This 
l)otin  is  made  by  breaking  up  pieces  of  a  new  iron 
pot,  fusing  them  again  antl  again  with  charcoal, 
and  quenching  in  water.  The  iron  partially  **  comes 
to  nature,"  assiuning  the  condition  of  steel,  and  is 
eventually  melted  on  to  the  wrought-iron  plate 
and  welded  thereto. 

The  holes  are  made  by  a  punch  while  the  iron  is 
hot,  and  are  very  numerous  in  a  single  plate.  The 
holes  are  tapered,  the  base  of  the  cone  being  on  the 
aide  of  the  wrought-iron. 

Brockedon's  English  [latent,  1819,  specifies  the 
use  of  diamonds,  rubies,  sapphires,  and  other  hard 
gems,  drilled  for  draw-eyes  and  mounted  in  iron 
plates. 

Draw-point  {Engraving,)  The  etching-nee- 
dle used  on  the  bai-e  plate.    Dry-paint. 

Draw-spring,  Ihe  spring  of  a  draw-head.  A 
spring  coupling-device  for  railroad  cars. 

Draw-tabe.    The  ad- 
justable tube  of  a  compound 
/.J  I         microscope,  having  the  eye- 
1//  ft  ij  \\j  1^       piece  at  its  outer  end,  and 
/    |A    \      \     the  erecting-glasa  (if  any) 
'^       '  '       '  at  its  inner  end. 

Dray.  A  low  cart  of  an 
ancient  type.  The  shafts 
are  prolongi'd  to  form  the 
rails,  and  the  load  is  rolled 
upon  the  rear  of  the  inclined 
bed. 

Dread'naught  {Fab- 
ric.) a.  A  heavy,  woolen, 
felted  cloth,  used  as  a  lin- 
ing for  hatchways,  etc.,  on 
board  ship. 

h.  A  heavy  goods  for 
sailors'  wear. 

Dredge.    A  scraper  or 

drag-net  for  gathering  mud, 

sand,  or  oysters,  as  the  ca.se 

.  may  be,  from  the  bottom. 

UO  C  ^^^  ^  dredged  to  improve 

the  channel,  sand  for  mak- 

ing   njortar,   oysters  from 

II)  CJ  ^  their  beds,  for  food. 

A   budket  or  scoop  for 

tTTT^  scraping  mud,  sand,  or  silt 

1"^^  """^ilJtZ     f'^"^  *be  bed  of  a  stream, 

IXQlS  pond,  or  other  body  of  wa- 

ZTCT^  ter.     Such  are  usually  on 

j^  endless  chains.  SeeDuEDG- 

INO- MACHINE. 

The  " clam-shell"  dredge 
used  for  removing  the  ex- 
cavated material  from  the 
working-chamber  of  the 
East  River,  New  York, 
brid^  caisson,  consists  of 
a  pair  of  scoops  which  are 
hinged  to  an  axis  and  close 
upon  the  load,  whether  a 
mass  of  mud  or  gravel,  or 
boulder  of  moderate  size. 
"  Oam-ShtU "  Dredge.      The    dredge   ascends   and 


J3ZM 


descends  in  a  vertical  water-shaft  in  which  the  water 
rises  as  high  as  its  natural  level  on  the  outside  of 
the  caisson.  The  view  .shows  a  ]X)rtion  of  the  work- 
ing-chamber through  which  the  dredge-shaft  passes, 
and  the  numerous  layers  of  timbers  which  form  the 
roof  of  the  working- 
chamber  and  sup-  Fig.  1766. 
port  the  masonry  of 
the  pier.  The  dredge 
is  lifted  with  its  load 
by  the  tackle  above, 
and,  bei  ng  suspended 
above  the  car,  iho 
contents  are  dumped 
into  the  latter  by 
shifting  the  points  of  O^tur-Dredge. 
suspension    of    the 

latter  to  the  chains  which  are  connected  to  its  outer 
comers ;  this  causes  the  scoop  to  gape  oi)en  and 
spill  its  contents.  The  ear  is  tlieu  run  down  an  in- 
cline, and  dumps  its  load  into  a  lighter  alongside  the 
caisson. 

A  rake  and  bag  dragged  over  an  oyster-bed  to  de- 
tach and  gather  the  bivalves.     The  dredge  is  towed 

Wig.  1767. 


Oyster-Dredg*. 

by  a  sail-boat,  and  by  hand  or  tackle  is  lifted  by  a 
lever  swung  from  a  davit,  and  is  eased  over  tlie  side 
by  a  roller  mounted  on  the  gunwale,  as  shown  in 
Figs.  1756,  1767.    See  Net  ;  Trawl. 

Dredge-boat.  A  form  of  dredging-machine  in 
which  the  boat  becomes  its  own  grubb^,  the  depth 
at  which  the  mud-fan  shall  operate  being  regulated 
by  introduction  of  water  into  compartments  of  the 
vessel.  The  dre<lger  may  operate  by  plowing  a 
channel  through  a  sand  or  mud  bar,  the  latter  pre- 
sumably, as  it  has  been  constructed  to  keep  open 
the  mouths  of  the  Mississippi,  allowing  the  current 
to  carry  off  the  loosened  matter.  A  scoop  is,  how- 
ever, to  be  rigged  forward  to  plow  into  the  mud, 
when  the  dred^r  will  back  ofl*  with  its  load,  carr}' 
it  out  to  sea,  and  dump  it.  The  length  of  the  ves- 
sel is  154  feet  8  inches  ;  depth  of  hold,  30  feet,  and 
about  23  feet  beam.  She  nas  a  screw  at  the  after 
end  with  3  blades,  12  feet  diameter  and  14  feet  pitch, 
ioT  propelling  exclusively  ;  and  one  at  the  forward 
end  with  six  blades,  1 4  feet  diameter,  and  weighing 
23,900  pounds.  This  screw  performs  two  offices  : 
impelling  the  vessel  through  the  water  by  a  drav- 
ing-on  proce.ss,  and  digging  into  the  mud  and  sand. 
It  is  worked  by  two  oscillating  engines,  40-inch  bore 
I  and  4-feet  stroke.  The  three-bladed  propeller  is 
I  driven  by  a  similar  single  oscillating  engine.  The 
I  steam  is  generated  in  five  tubular  boilers  aroidship. 
Besides  the  six-bladed  screw  for  digging,  there  is 
also  a  lai^  scoop  or  drag,  in  the  shape  of  a  half- 
cylinder,  12  feet  deep,  20  feet  long,  and  will  drag 


Digitized  by 


Google 


DREDGER. 


747 


DREDGINO-M  ACH I N  E. 


away  fifteen  tons  of  mud  or  sand  at  a  load.  This*;  other  end  commences  whirling  to  pull  the  boat  off. 
scoop  is  suspended  from  two  davits  overhanging  the  !  The  six-bladt^  propeller  loosens  up  the  mud  and 
bow,  and  is  managed  by  a  ][)air  of  hoisting-  adds  to  the  impelling  |K)wer,  wliich, 

engines  forward.  Vig.  1758.  when  both  ai-e  working,  is  tremen 
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Dredge- Boat  for  SEearattHf . 


settles  deeper  in  the  vrater,  and  the  digging-ap])ara- 
tus  works  m  deeper  mud. 

Dredg'er.  1.  (Hydraulic  Etigincerin^.)  'A  bal- 
last-lighter. A  barge  or  scow  which  scrapes  silt 
from  the  bottom  of  a  stream.  See  DuEDOi no-ma- 
chine. 

2.  (Domtstic.)  A  box  with  a  perforated  lid  for 
sprinkling  flour  upon  dough  or  a  dough-board.  A 
aredgC'hox. 

Dredg'ixig-ma-chine'.  {Hydraulic  Engineer' 
ing.)  A  machine  for  raising  silt,  mud,  sand,  and 
gravel  from  the  bed  of  a  stream  or  other  water,  to 
deepen  the  channel  or  to  obtain  the  material  for  bal- 
last or  for  filling  low  grounds. 

The  dredging- mach me  with  a  box  shovel  on  the 
end  of  an  oscillating  arm  is  supposed  to  have  origi- 
nated in  Venice.  It  had  a  beam  50  feet  in  lengUi, 
moving  on  a  pivot-post  erected  in  a  barge  whose 
length  was  50  feet  and  breadth  22.  The  beam  was 
hooped  with  iron,  luid  worked  by  a  perpendicular 
screw  of  beech  30  feet  long  and  15  inches  in  diameter, 
traversing  in  a  nut  in  the  beam,  and  moved  by  bars 
in  the  manner  of  a  capstan.  A  lai^  iron  spoon, 
holding  2^  cubic  yards  and  provided  with  a  I  la,  was 
fixed  to  the  outer  end  of  the  beam.  To  this  spoon 
a  certain  rotation  was  given  by  means  of  ro^)es  and 

Fig.  1769. 


Dredgers, 

pulley,  the  lid  opening  by  one  motion  and 
the  spoon  filling  witn  mud  by  a  second 
motion.  Rotation  of  the  screw  then  de- 
pressed the  inner  end  of  the  beam,  raising 
the  outer  end.  It  took  fiftetm  minutes  to 
raise  a  single  scoopful.  Eight  men  in  a 
day  would  raise  60  cubic  yards. 
A  common  and  cheap  form  of  this  machine,  by 
which  sand  is  procured  from  the  bottom  of  rivers. 


consists  of  a  large  shovel  on  a  long  handle,  sus- 
pended by  a  rope  either  from  a  crane  or  a  sweep- 
pole.  The  shovel,  being  lowered,  is  thrust  into  the 
sand  by  one  man,  when  the  assistant  proceeds  to 
raise  it  and  swing  it  round  over  the  boat,  where  the 
contents  are  dnmped. 

This  is  something  similar  to  the  hag  and  spoon 
(Fig.  517),  which  consists  of  an  iron  ring  with  a  steel 
lip,  and  a  bag  of  strong  leather  laced  through  holes  in 
the  ring.  The  means  lor  working  it  Is  a  long  handle, 
a  suspending  ro|)e,  and  a  crane  or  sweep-pole  from  a 
post  in  a  barge,  as  in  the  last  example. 

About  1680,  Meyer,  a  Dutch  engineer,  had  a 
dredging-machine  on  the  principle  of  the  French 
chapelet ;  a  long  trough  being  lowered  to  the  mud, 
and  traversed  by  an  endles.s  chain  provided  with 
boards  at  intervals.  The  ))oaixls  scraped  up  the 
mud  and  carried  it  up  in  the  trough,  from  whose 
upper  end  it  was  dischai^ged  into  lighters.  A  horse- 
wheel  was  employed^ 

In  the  reign  of  Charles  I.,  Balme  made  a  vertical 
wheel  ^nth  six  buckets,  which  worked  between  boats 
nnd  raised  mud.  It  was  employed  in  the  fens  of 
Lincolnshire. 

About  1708,  Savery  patented  a  steam  dredging- 
machine  for  raising  ballast  from  the  Thames. 

In  1796,  Watt  made  a  steam  dredger  for  deepening 
Sunderland  Harbor. 

The  dredging-machine  desoribed  by  the  Marquis 
of  Worcester  was  "a  water- screw,  but  the  bottom  , 
made  of  iron  plate,  spade-wise,  which  at  the  side  of 
a   boat  emptieth   the  mud  of  a  pond   or  raiseth 
gravel." 

Tlie  dredging-machine  described  in  the  Theatrum 
Inalniinentomm  ct  Mnchinarum^  1578,  was  rather  an 
elevator  than  a  dredger.  The  buckets  were  attached 
to  endless  chains,  which  passed  over  two  drums, 
driven  by  winch-power.    Laborers  filletl  the  buckets. 

The  chapelet,  used  by  Perronet  and  other  French 
engineere  in  the  last  century  for  deepening  channels 
ami  removing  the  mud  from  the  interior  of  coffer- 
dams in  preparing  foundations  for  bridges,  was  com- 
posed of  three  rollers,  two  of  which  touched  the 
ground,  and  the  other  was  placed  upon  an  elevated 
timber  scaffold,  where  the  mud  and  silt  were  de- 
posited. Round  these  rollers  worked  an  endless  chain 
formed  of  large  links,  to  which  were  attached  four  or 
more  sheet-iron  scoops  or  scuttles,  placed  at  regulai* 
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dib-tances.     Tliese  scoops  were  pierced  with  holes  to 
allow  the  water  to  runoff,  and  liad  strong  projecting 

Fig.  1700. 


Sttam-Dredger. 

beaks  which  dug  into  the  mud  or  earth  below.  The 
chain  was  moved  by  cylinders  whose  projecting 
spikes  entered  the  links  of  the  chain  ;  the  cylinder 
was  rotated  by  a  winch.  Ah  the  buckets  became  in- 
clined after  turning  over  the  upi>er  roller,  their  con- 


tents were  dischai^d  into  a  trough  which  conveyed 
away  the  mud. 

The  steam  drcd^ng-machine,  now  so  commonly 
in  use  in  harbors  liable  to  become  silted  up,  has  a 
succession  of  buckets  on  an  endless  chain,  which 
traverses  on  a  frame  whose  lower  end  is  vertically 
adjustable  so  as  to  regulate  the  depth  at  which  it 
works,  like  the  French  chapelet. 

It  was  fii-st  successfully  used  in  England  by 
Huges  in  1804,  who  succeeded,  after  repeal^  trials, 
in  making  a  machine,  costing  $40,000,  which  raised 
2,000  tons  per  day  from  a  depth  of  water  of  30  feet. 

The  machine  is  driven  by  a  steam-engine  through 
the  intei-vention  of  gearing,  steadied  by  a  fly-wheel. 
A  long  shaft  amidshi^is  conveys  the  motion  from  the 
gearing  about  the  engine  to  tne  upper  drum,  around 
which  the  endless  chain  works.  The  buckets  dis- 
chaige  at  the  stem  of  the  vessel,  dropping  tlie  mud 
into  a  lighter.  The  lower  end  of  the  swinging-frame 
is  adjusted  as  to  depth  by  means  of  a  suspensory 
chain,  which  is  wound  upon  a  drum  rotated  by 
clutch-connection  with  the  spur-gearing  when 
necessary. 

The  illustrations  show  a  longitudinal  vertical  sec- 
tion a ;  a  transverse  section  h,  on  a  larger  scale, 
affording  a  view  of  the  gearing  ;  a  plan  of  the  link 
r,  and  an  elevation  of  the  bucket  d.  Each  alternate 
link  carries  a  bucket,  which  is  of  sheet-iron  riveted 
to  a  link.  The  bucket  and  link  are  shown  on  a  still 
more  enlaiged  scale. 

The  best  working-angle  for  the  frame  is  45**. 

The    dredging-machine   nsed  in  excavating  the 


Dredging-Maekiiu»f  Suez  Comal. 


South  Boston  flats  has  a  scow  80  feet  long,  40  wide, 
and  a  dredge-shovel  and  chain  of  elevating-buckets 
on  each  side.  They  are  advanced  by  chains  running 
to  anchore<l  scows,  the  shovel  beneath  each  elevator 
raising  the  mud  and  silt,  and  the  buckets  elevating 
the  scooped-up  mass,  which  is  deposited  in  a  scow 
attacheil  to  the  dredger. 

Duncan's  dredger,  used  on  the  Clyde  in  Scotland, 
has  an  iron  hull  161  feet  long,  29  feet  l)eam,  10  feet 
9  inches  depth  ;  has  water-tight  compartments,  en- 
gine-room, and  (|uarters  for  the  creW.  It  has  one 
bucket-chain,  thirty-nine  buckets  having  a  capacity 
of  13  cubic  feet  each  ;  driven  by  gearing  from  a  ma- 


rine engine  of  75  nominal  horse-power.  It  is  moved 
forward  by  a  steam-winch  and  a  chain  to  a  mooring. 
Sixty  dredging-machines  have  been  at  work  at  one 
time  in  excavating  the  Suez  Canal.  They  are  of  two 
kinds,  as  shown  in  the  cuts,  which  need  but  little 
description  to  make  them  perfectly  intelligible.  TTie 
hulls  are  of  iron,  are  72  or  82  feet  long ;  one  form 
has  a  lighter  which  gives  stability,  and  forms  a  rest 
for  the  chute,  230  feet  long,  which  deposits  the  ex- 
cavated material  on  spoil -banks,  whose  crests  are  197 
feet  distant  from  the  center  line  of  the  canal.  The 
traiis(K)rting-bucket8  have  a  capacity  of  about  5 
cubic  feet,  and  the  delivery  is  twenty  buckets  per 
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minute.  In  the  other  view  the  chute  rests  on  a  car- 
riage traveling  a  track  on  the  canal-bank.  In  each 
case  the  buckets  are  loaded  by  the  dredging-spoons, 
travel  along  the  chute,  capsize  at  the  end,  and  return 
for  another  load.  The  spoil  not  dejKwited  on  the 
banks  is  dumped  into  lighters,  and  carried  out  and 
disgorged  into  the  deep  waters  of  the  Mediterranean. 
Another  form  of  dredger,  used  at  Chatham  Dock- 
yard, England,  is  of  the  rotary -pump  class,  having 


1762. 


Chatham  Dockyard  Ihedger. 


a  revolving  disk  A  with  an  excavating  screw  5, 
an  up-cast  shaft  E,  and  a  spout  F  which  discharges 
the  material  into  a  lighter  alongside.  The  up-cast 
shaft  is  telescopic,  and  is  stayed  by  guys  D.  The 
upwardly  projecting  rod  G  is  the  shaft  of  the  re- 
volving wheel,  and  is  extensible  coincidently  with 
the  telescopic  tube.  H  is  the  steam-enrine  con- 
necting by  band-wheel  and  belt  with  the  shaft  G  of 
the  screw  which  excavates  the  mud  0,  JST  is  a 
transverse  beam  of  the  frame  which  rests  on  twin 
boats  1 1. 

Another  mode  of  raising  sand,  silt,  and  mud  is  by 
an  exhausted  receiver  in  the  barge,  connected  by 
an  adjustable  pipe  and  flexible  connections  with  a 


rig.1768. 


proposed.     It  differs  in  no  substantial  respect  from 
the  water-ejector.     See  Kjector. 

Drenoh'ing-ap-pa-ra'tiu.  A  iaw-opener  and 
head-lifter  by  which  drenches  may  be  administered 
to  animals  without  their  being  able  to  bite  the  bottle 
or  horn,  or  the  arm  of  the  operator. 

Drenoh'ing-hom.  A  cow's  horn,  closed  at  the 
butt-end  and  perfo^sited  at  the  point-end  (like  a 
powder-flask),  to  administer  drenches  of  medicine  to 
ailing  animals. 

DresB.  Applied  to  the  system  of  furrows  on  the 
face  of  a  mill-stone.     See  Mill-stone  Dress. 

Dres'ser-oop'per.  A  vessel  in  which  warps  or 
threads  are  ]^>assed  through  boiling  water. 

Dress-guard.  A  wing  on  the  side  of  a  carriage 
entrance,  to  prevent  the  brushing  of  the  dress  against 
the  wheel. 

DresB'ing.    Sizing  of  fabric,  yarn,  or  thread. 

Teaseling,  or  raising  the  nap  on  woolen  cloth. 

Preparation  of  mineral  ores  for  the  furnace. 

Preparation  of  the  surface  of  a  mill-stone. 

Smoothing  the  surface  of  plank  or  of  stone. 

Glossing  of  crape-warp. 

An-anging  symmetrically  the  form  in  the  chase. 

The  complete  planishing  of  sheet-metal  ware  into 
symmetrical  form,  on  a  stake  or  anvil. 

DresB'ing-benoh.    A  bricklayer's  bench  having 
a  cast-iron  plate  on 
which  the  sun-dried  ^^  '^''^ 

brick  is  rubbed,  pol-  ^ 
ished,  and  beaten  ^ 
with  a  paddle  to  " 
make  it  symmetrical. 

DreB8'ing-ma- 
ohine^  {For  yam.) 
A  machine  invented 
by  Johnson,  England, 
in  1800.  The  hard- 
twisted  yam  is  sized, 
scraped,  brushed,  and 

dried  by  heat  and  a  Dressing-Bench. 

blast    of    air.     The 

object  is  to  remove  the  fuzz  and  give  it  a  slight 
glo.ss. 

Dreas'lngB.  The  moldings  and  sculptured  deco- 
rations used  on  a  wall  or  ceiling. 

Drift.  I.  {MacJiiiiery.)  A  round  piece  of  steel, 
made  slightly  tapering,  and  used  for  enlarging  a  hole 
in  a  metallic  plate  by  being  driven  through  it. 

The  drift  may  have  a  cutting  edge  merely  upon  its 
advance  face,  or  it  may  have  spirally   cut  grooves 
which  give  the  sides  of  the  drift 
a  capacity  for  cutting,  as  in  Fig.  1766. 

two  of  the  examples  annexed. 


a 


spout,  which  is  adapted  to  suck 
in  the  mud,  upon  which  it  rests, 
and  discharge  it  into  the  receiver 
for  removal  and  subsequent  dis- 
charge at  the  lower  valve. 
The  steam  jet  or  ejector  has  also  been  used,  or 


Drifts. 


2.  {Mininy.)  a.  A  passage  in  a  mine,  horizontal  or 
nearly  so,  forming  a  road  for  the  extraction  of  ore, 
or  a  drain  for  carrying  off"  the  water.  The  name  is 
derived  from  its  being  driven  in.  Driving  is  horizon- 
tal work  ;  sinking  and  rising  refer  to  the  direction 
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of  work  either  in  shafts  or  in  following  the  course  of 
a  vein.     See  Adit  ;  Galleiiy. 

b.  The  course  or  direction  of  a  tunnel  or  callery. 

3.  (Architecture.)  The  push,  shoot,  or  horizon- 
tal thrust  of  an  arch  or  vault  upon  the  abut- 
ments. 

4.  (Shipbuilding,)  a.  Drifts  in  the  sheer  draft 
are  where  the  rails  are  cut  off  and  ended  with  a 
scroll.  Pieces  fitted  to  form  the  dritU  are  called 
drift-pieces. 

h.  The  difference  in  size  between  a  treenail  and  its 
hole,  or  a  hoop  and  the  spar  on  which  it  is  driven . 

c.  The  part  of  the  upper  strake  between  the  coach 
and  the  quarter-deck.     Dri/l-rail, 

6.  {Ounnerij.)  A  priming-iron  to  clean  the  vent 
of  a  piece  of  ordnance  from  burning  particles  after 
each  discharge. 

6.  A  stick  used  in  charging  rocket-cases. 

7.  {^/^autic^l.)  The  direction  of  a  current.  The 
leeway  of  a  ship. 

Drift-an'ohor.  (Nautical.)  A  triangular  frame 
of  wood,  or  other  similar  contrivance,  having  just 
sufficient  buoyancy  to  float,  to  which  a  line  that 
leads  from  the  bows  of  the  ship  is  attached.  It 
keeps  the  vessel's  head  to  wind  when  dismasted,  or 
when  it  is  impossible   to  carry  sail.     See   Dkag- 

ANCHOR. 

Drift-bolt.    A  rod  us^d  to  drive  out  a  bolt. 

Drift-net.  A  tisbing-net  about  120  feet  long  and 
20  feet  deep ;  corked  at  the  upper  edge.  Several  of 
these  may  be  connected  lengthwise  and  attached  to 
a  drift-rope.  Mushes  2^  inches  and  upward,  accord- 
incr  to  the  size  of  fish. 

Drift-pieoe.  {Shipbuilding.)  One  of  the  up- 
right or  curved  pieces  of  timber  that  connect  tlio 
p'anJc-shecr  with  the  gunuxile. 

Drift-pin.  A  hand  tool  of  metal  driven  into  v. 
hole  to  shaps  it ;  as  the  dri/t  which  makes  the 
si^uare  sock^  in  the  watch-key.  Holes  in  castings 
which  are  made  by  cores  may  be  trued  and  trimmed 
in  this  way  better,  sometimes,  than  by  drill  or  file. 
The  tool  is  of  steel,  shaped  to  suit  the  work,  and 
gro  md  square  on  the  face.     See  Drift. 

Drlft^«aiL  One  dragging  overboard  to  diminish 
leewiy.     A  Drao  or  Drag-anchor  (which  see). 

Drift'"wray.  (MintTig.)  A  passage  cut  under  the 
earth  from  shaft  to  shaft. 

DrilL  1.  A  metallic  tool  for  boring  a  hole  in 
metal  or  hard  material  such  as  stone. 

Its  form  varies  with  the  material  in  which  it 
works.  The  action  in  metal  is  usually  rotative,  and 
the  tool  has  two  or  more  cutting  edges. 

In  stone  drills  the  action  is  rotative  or  reciprocat- 
ing ;  in  the  latter  cass  the  tool  is  alternately  lifted 
and  dropoed.    See  Rock-drill. 

To  dnll  a  hole  the  Japanese  have  a  short  awl  in- 
serted in  a  round  piece  of  stick  eight  or  nine  inches 
long.  They  take  the  wood  between  their  toes,  squat 
on  the  ground,  and  make  the  hole  by  rubbing  the 
handle  of  the  awl  between  their  hands. 

The  bone  needles  of  the  ancient  tumuli  builders  of 
Europe  were  drilled  with  stone  drills ;  the  eyes  are 
small,  round,  and  regular.  The  New-Zealanders,  in 
the  time  of  Captain  Cook,  were  able  to  drill  holes 
through  glass  with  bone  tools. 

Of  form  of  drills  :  — 

a  affords  two  views  of  the  ordinary  double-cutting 
drill  used  with  a  bow ;  the  two  edges  forming  the 
point  meet  at  an  angle  of  from  80**  to  100'. 

6  is  a  drill  for  cast-iron  vrith  two  circular  chamfers. 

c  is  a  flat-ended  drill  for  flattening  the  bottoms  of 
holes. 

c?  is  a  duplex  expanding  drill  for  inlaying  es- 
cutcheons on  knife-handles,  etc. 


c  is  a  drill  formed  of  a  cylindrical  wire  filed  olT  to 
the  diametric  line  and  having  two  facets  on  the  end. 

/  is  a  square  countersink  drill,  having  a  guide- 
pin  in  the  center. 

Fig.  1766. 


ff  Is  a  drill  for  cutting  in  one  direction. 
A,  a  drill  for  horn  and  other  objects  liable  to  ag- 
glutinate, and  re(|uirinff  great  clearance. 
i  is  the  usual  form  of  iron  drill. 
j  is  the  cone  countersink. 
k  is  the  half-round  or  cylinder  lathe-bit. 
/  is  the  rose-bit  for  the  lathe. 
m  is  the  flat-bit  for  the  lathe, 
n  is  the  twist-drill. 
See  under  the  following  list :  — 


Air-drill. 

Archimedean-drill. 
IL-nch-drill. 
Bone-drill. 
Boring-drill. 
Bow-drill. 
Brace-drill. 
Breast-drill. 
Burr-drill. 
Cat-rake. 
Center-drill. 
Centrifugal-drill. 
Cherry-drill. 
Chum-drill. 
Comer-drill. 
Colter-drill. 
Cramp-drill. 
Dental-drill. 
Diamond -drill. 
Differential-feed  drilling- 
machine. 
Double-drill. 
Drill. 

Drill -barrow. 
Drill-bit. 
Drill-lx)w. 
Drill-chuck. 
Drill-extractor. 
Drill-grinding  machine. 
Drill-gage. 


Drill-harrow. 
Drill-holder. 
Drilling-jig. 
Drilling-attachment    for 

lathe. 
Drilling-machine. 
Drill-jar. 
Drill-pin. 
Drill-plow. 
Drill-press. 
Drill-rod. 
Drill-rod  grab. 
Drill-spindle. 
Drill-stock. 
Drill -tongs. 
Expanding-drill. 
Fly-drill. 
Grab-drilL 
Grain -drill. 
Hand-brace. 
Hand-drill. 
Pallette. 
Persian -drill. 
Piercer. 
Pin-drill. 
Pneumatic-drill. 
Ratchet-drill. 
Rock-drill. 
Socket-drill. 
Tapping-drill. 


Digitized  by 


Google 


DRILL-CLAMP. 


751 


DRILLING-MACHINE. 


See 


Fig  1787. 


Drill- Clamp. 


Fig.  176& 


Tire-drill.  Vertical-drill. 

Traverse-drill.  Well-drill. 

Twist-drill.  Wimble-drill. 

2.  A  machine   for  sowing  grain   in  rows. 
Grain-T)Rill. 

8.  {Fabric.)    A  heavy,  cotton  twilled  goods,  used 
especially  for  lining.     Drilling. 
D]ill--olanip.   A  fastening  device  a  for  attaching 
a  drill-holder  or  stock  6  to  a 
work-bench. 

Drill-bar'row.  A  seed- 
ing -  machine,  driven  by 
nianiial  power  in  the  man- 
ner of  a  wheelbaiTow.  A 
hand-driven  gi-ain-drill. 

Drill-bo'Vir.      The    bow 

whereby  the  drill  is  recip- 

p  Tocally  rotated.      See  Bow- 

-    DRILL. 

Drill-chuok.    A  chuck 
in  a  lathe  or  drilling -ma- 
chine for  holding  the  shank 
of  the  drill.    See  Chuck. 
Drill-ex-traot'or.       A 
tool  or  implement  for  extracting  from  deep  borings 
a  broken  or  a  detached  drill  which  in- 
terferes   with    farther    boring.      See 
Artesian  -  well  ;      Well  -  boring  ; 
Gjiab. 
Drill-gage.  A  t^)ol  for  determining 
YT] — y  III       ^^*''  angle  of   the  basil  or  edge  of  a 
^ — p     J/if       drill.     In   the  example,  the   angnlar 
pi«*ce  C  slides  by  means  of  the  thumb- 
w!rew  E  upon  the  part  B^  and    the 
angle  subtended  by  the  two  parts  is 
the   proper  angle  for  the  drill-point. 
The  set-screw  allows  its  adjustment  to 
any  sized  drill. 

Drill-grind'ing  Ma-ohine'.    An 
emery-wheel  a  and  a  clamp  consisting 
of  a  stationaiy  part  b  and  a  movable 
part  c  by  which  the  drill  d  is  held  near 
the   point,   while   the  shank   is  sup- 
j>ort^    by    the    rod    and    extensible 
soi'ket  g.     The  machine  is  arranged  to 
grind  twist  and  fly  drills,  making  cut- 
ting edges  of  uniform  angle  and  length, 
thus  insuring  e^iuality  of  cut   upon 
both  sides.     Twist-drills  up  to  1  inch 
in  diameter  are  held  in  the  jaws  of  the 
clamp ;  split  thimbles  hold  drills  over  1   inch   in 
diameter.      Fast    and 
Fig.  1769  ■  loo.se  pulleys  on   raa- 

diumeter, 
»,  which 
)00  revo- 
linutc. 
'row,  A 
J  teeth  are 
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chine  which   may  be  SeOm't  Drill- Qrinriing  Maek^nf. 


dogged  to  the  work,  or  so  handled  as  to  be  readily 
presented  to  it  and  worked  by  hand. 

Drlll'ing-lathe.  Adrilling-mnchine  on  horizontal 
ways  or  shears,  and  thus  resembling  a  lathe.  See 
Drilling-machine. 

Drill'ing-ma«ohine^  A  machine  carrying  a 
rotating  tool  and  a  means  for  chucking  the  object 
to  be  bored.  These  machines  differ  greatly  in  size 
and  appearance,  in  the  mode  of  presenting  the  tool, 
presenting  and  chucking  the  worlc. 

The  larger  machines  are  frequently  known  as  hor- 
ing-muchinat  (which  see). 

Fig.  1770  has  a  vertical  drill-stock  e  and  vertical 
adjustment  rf  6  c  to  the  bed-plate.  The  driving 
portions  hijkl  and  feeding  devices  m  n  are  evident. 

Fig.  1771  is  a  radial  dnlling-machine  in  which 
the  tool,  in  addition  to  the  horizontal  and  vertical 

Fig.  1770. 


Vertical  DriU. 

adjustment  of  the  overhung-beam  6,  has  a  circular 
adjustment  of  the  drill-stock  o  p  in  a  vertical  plane, 
so  as  to  present  the  tool  obliquely  to  the  work.  The 
whole  machine  swings  around  a  stationary  post  in  the 
center  of  the  hollow  column  rr,  and  the  overhuug-beam 
is  vertically  adjustable  on  the  latter  by  means  of  a 
screw  c,  actuated  by  power,  brought  into  action  by 
the  lever  d  seen  at  the  top  of  the  column.  As  it  is 
desirable  that  no  belts  should  intervene  to  mar  the 
complete  revolving  sweep  of  the  machine,  the  driv- 
ing IS  apjdied  through  the  center  direct  by  shaft  e, 
pulley/,  and  gears  g  A,  and  transmitted  to  the  up- 
right shaft,  whence  the  horizontal  shaft  carries  it  to 
the  spindle  by  means  of  two  jwirs  of  miter-gears,  one 
of  which  is  shown  at  j.     This   arrangement    also 
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Fig.  1774 


The  table  q  is  for  the  convenience  of  the  smaller 
class  of  work. 

Fig.  1772  shows  Sellers's  horizontal  drilling  and 
boring  machine  for  car-box&s,  with  self-acting  variable 


Fig.  1772. 


speed  to  drilling-spindle.  See  also  Boring-machine. 

Drill-jar.  A  form  of  stone  or  well-lwring  tool  in 
which  the  tool-holder  is  lifted  and  dropped  .suc- 
cessively. The  drill-rod  is  raised  sufficiently  lx>- 
tween  each  impulse  to  loosen  the  tool  from  its  im- 
nre.ssion  in  the  stone,  and  is  then  dropped  to  give  a 
olow  to  the  tool.  The  tool -shank  screws  into  the 
socket  at  the  lower  end  of  the  piece  f. 

Drill-fxin.  (Lock'smUhitig.)  The  pin  in  a  lock 
which  enters  the  hollow  stem  of  a  key. 

Drill-plate.    A  breast-plate  for  a  hand-drill. 

Drill-plo'W.  A  plow  for  sowing  grain  in 
drills. 

Drill-presB.  1.  A  drilling-machine  in  which  a 
screw  is  made  to  feed  the  drill  to  its  work.  In  the 
illustration,  the  press  is  shown  in  elevation  and  ver- 
tical section.     It  has  feet  for  bench-work,  and  a 


DriU-Prttt. 

sling  chain  and  adjustable  sockets  when  used  for 
tapping  pipes. 
2.  A  Jrilling-machiue  of  lai^^e  size.     See  Drtll- 

INO-MACHINK  ;    BORINO-MACHINK. 

Drill-rod.  The  long  rod,  made  of  sections 
coupled  together,  which  reaches  to  the  surface  of 
the  ground  and  carries  the  well-boring  tool  on  its 
lower  end. 

Drill-rod  G^rab.  A  clutching-tool  lowered  into 
a  hole  to  engage  with  and  form  a  means  of  with- 
drawing a  drill-rod  whose  upper  portion  has  been 
broken  off  or  become  detached. 

Drill-Bpin'dle.  The  axis  in  which  a  drilling- 
tool  is  stocked  and  on  which  it  rotates  in  a  drilling- 
machine  or  lathe. 

DrUl-Btook.    a.  A  handle  or  holder  for  a  drill,  in. 

Fig.  1776. 


which  it  is  socketed,  and  by  which 
it  is  worked.  Fig.  1775,  a  shows 
the  manner  in  which  the  reciproca- 
tion of  the  nut  in  the  spiral  {grooves 
of  the  shank  revolves  the  drill  in  a 
uniform  direction. 

6  is  a  drill  with  a  breast-plate  and  a  stock  rotated 
by  bevel-gearing  and  *crank.  See  Ratchet-drill  ; 
Persian-drill,  etc. 

Drill-tongB.    A  tool  in  which  one  jaw  forms  a 
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bearing  below  tbe  object,  and  the  other  carries  the 
tool  and  rotative  apparatus.  The  pressui-e  is  obtained 
by  pressing  the  handles  together,  and  an  adjustable 
rest  allows  the  purchase  to  accommodate  itself  to 
oblique  surfaces. 

Drip.    The  projecting  edge  of  a  molding  or  corona, 
channeled  beneath. 
Drip-joint.    (Plumbing.)    A  mode  of  uniting 
two  sheets  of  metal  in  roofing 
ng.  1776.  where  the  joint  is  with  the  cur- 

rent,  so  as  to  form  a  water  con- 
^^  ductor. 

DrijhJoint.  Drip'ping-vat.    A  tank  be- 

neath a  boiler  or  haii^ng  frame, 
to  catch  the  overflow  or  drip,  as  that  which  recei' 
the  solution  of  indigo  running  from  the  boiler 
indigo-factories. 

Drip-pipe.  A  small  copper  pipe  leading  fn 
the  waste-steam  pipe  inside,  to  carry  off  the  « 
densed  steam  and  other  hot  water  which  may 
blown  into  the  "trap"  at  the  top. 

Drip-Btick.  {Stone-sawing.)  A  wooden  st: 
which  forms  a  spout  to  lead  water  slowly  from  a  b 
rel  to  the  stone,  so  as  keep  the  kerf  wet. 

Drip-Btone.    1.  A  corona  or  projecting  tablet 
molding  over  the  heads  pf  doorways,  windows, 
arch-ways,  niches,   etc.     Called  also  a  label; 
weather-molding;  water -ta^le ;  hood-molding. 
2. .  A  porous  stone  for  filtering. 
Drive.     {Forging.)    A  matnx  formed  by  a  steel 
punch,  die,  or  drift. 

Drive-bolt.    A  drifl.     A  bolt  for  setting  other 
bolts  home,  or  depressing  the  heads  below  the  gen- 
eral surface. 
Driv'en-iKrelL    A  well  formed  of  a  tube  driven 
into     the     ground 
Fig.  1777.  Hg.  1778.  until  its  perforated 

end  reaches  a 
stratum  containing 
water.  When  the 
tube  is  driven  to  the 
desired  depth,  the 
outer  tube  is  ele- 
vated sufficiently  to 
expose  the  slots  of 
the  tube,  which  is 
secured  to  the 
barbed  point. 

When  the  proper 
depth  has  been 
reached,  a  plunger 
is  placed  in  the 
tube,  which  thus 
v^W  fonns  a  pump-stock 
of  limited  bore. 

Driv'en-well 
Pomp.    A  pump  of 
proportions  and 
construction  adapt- 
ed to  occupy  a  tube 
m-WeU  Tube,  which      has     been 
driven      into     the 
ground    till    its    lower    end 
has    reached   a    watery  stra- 
tum.     * 

Drive-ont  {Printing \  To 
space  widely,  to  make  a  line  of 
copy  fill  out  the  line,  as  when 
a  mass  of  solid  matter  is 
divided  into  several  takes, 
each  being  required  to  begin 
and  end  a  line. 
Driv'er.  1.  (Coopering.)  A 
Driven-  WeU  Pump.       tool  used  by  coopers  in  driving 


on  the  hoops  of  casks,  its  tooth  resting  on  the 
hoop.  ^ 

2.  (Machinery.)  a.  The  wheel  of  a  locomotive  to 
which  the  power  is  communicated.  A  pair  of  drivers 
are  arranged  on  an  axle,  their  cranks  or  wrist-pins 
being  at  an  angle  of  90*",  so  that  one  is  always  in 
an  advantageous  position  for  duty,  relatively  to  the 
piston.  Several  pairs  of  drivers  are  coupled  together 
by  connecting-rods. 

^.  In  geanng,  the  main-wheel  by  which  motion 
is  imparted  to  a  train  of  wheels.  A  master-wheel,  as 
in  the  example,  where  the  tread-wheel  of  the  har- 

Plg.1779. 


Driver. 

vester  is  the  agent  in  driving  the  niiter-wheels  and 
crank  of  the  cutter-bar. 

3.  (Milling,)  The  term  is  applied  to  that  which 
communicates  motion,  as  the  cross-bar  on  the  spindle 
by  which  motion  is  communicated  to  the  runner  of 
a  grinding-mill.     A  peg,  catch,  tappet. 

4.  (Blasting.)  The  copper  bar  by  which  the 
tamping  is  driven  around  the  pricker  on  to  the 
charge  in  a  blast-hole.     A  tamping-iron. 

5.  (Nautical.)  A  four-cornered  fore-and-aft  .sail, 
bn  the  lower  mast  of.  a  ship  ;  its  ?iea4  is  extended 
by  a  gaff,  and  its  foot  by  a  boimi  or  sheet.    A  spanker. 

A  ring-tail  is  a  sail  added  at  the  lee-leech  of  a 
driver. 

6.  (Turning.)  A  bent  piece  of  iron  fixed  in  the 
center-chuck,  and  projecting  so  as  to  meet  the  carrier 
or  dog  on  the  mandrel  to  which  the  work  is  attached. 

7.  ( Weaving.)  The  piece  of  wood  which  impels 
the  shuttle  through  the  shed  of  the  loom. 

8.  A  drift  for  enlai|;ing  a  hole  or  giving  it  an 
angular  shape  not  attainable  by  a  drill.     See  Drift. 

9.  A  stamp  or  punch  ;  the  salient  tool  which  acts 
in  conjunction  with  the  bed,  bottom,  or  bolster, 
through  whose  aperture  the  excised  piece  of  plate  is 
driven. 

10.  (Shipbuilding.)  The  foremost  spur  in  the 
bulge- ways,  the  heel  of  which  is  fayed  to  the  fore- 
side  of  the  foremost  poppet,  and  the  sides  placed  to 
look  fore  and  aft  in  a  snip. 

Driv'ing-ax'le.  (Machinery.)  The  axle  of  a 
driving-wheel ;  the  bearing  portion  rests  in  the 
driving-box.  The  weight  of  that  portion  of  the  en- 
gine is  supported  by  a  driving-spring  upon  the  box. 

Driv'ing-bolt.  A  wheelwright's  tool  used  for 
driving  in  nave-boxes. 

Driv'ing-oliis'eL    A  chisel  basiled  on  each  face. 

Driv'ing-gear.  That  portion  of  a  machine  which 
is  especially  concerned  in  the  motion  ;  as  the  parts 
from  the  cylinder  to  the  wheels,  inclusive,  of  a  loco- 
motive ;  the  ground-wheel  to  the  cutter-bar  pitman, 
inclusive,  of  a  harvester  ;  the  hand-crank  and  gear- 
ing of  a  winch  or  crab,  etc. 

Driv'ing-rein.  (Saddlery.)  A  rein  which  is 
buckled  or  snapped  to  the  bit-rings  and  passes  back 
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to  the  driver.  Driving-reins  are  known  in  the  West 
as  lines. 

Dxlv'ing-Ahaft  A  shaft  communicating  motion 
from  the  motor  to  the  machinery. 

Shafting  transmits  power,  but  the  driving-shaft  is 
more  immediate  to  the  power  ;  the  motor. 

Driv'ingHipringB.  The  springs  iixed  upon  the 
boxes  of  the  driving-axle  of  a  locomotive-engine,  to 
support  the  weight  and  to  deaden  the  shocks  caused 
by  irregularities  in  the  rails. 

Driv'ing-iKrheeL  1.  {Steam-engine.)  One  of  the 
large  wheels  of  a  locomotive  to  which  the  connecting- 
rods  of  the  engine  are  attached.  * 

In  the  American  practice  the  connectine-rod  is 
usually  coupled  to  a  wrist  on  the  driver.     This  may 

Fig.  1780. 


Driving-Whetl. 

be  coupled  by  outside  connecting-rods  to  other 

of  the  same  size,  so  as  to  make  drivers  of  the . — 

In  the  English  practice,  with  cylinders  inside  of 
the  fitime,  the  connecting-rods  are  coupled  to  cranks 
on  the  axle  of  the  drive-wheels. 

2.  (Harvester.)  The  wheel  which  rests  upon  the 
ground,  and  whose  tractional  adherence  thereto,  as 
the  frame  is  dragged  along  by  the  team,  is  the  means 
of  moving  the  gearing  and  giving  motion  to  the  cut- 
ter and  reel. 

Drog.  (Nautical.)  A  buoy  attached  to  the  end 
of  a  harpoon  line. 

Drogh'er.  (Nautical.)  A  West  India  cargo-boat, 
employed  in  coasting,  having  long,  light  masts  and 
lateen  sails,     Droger. 

DroitZBch'ka.  A  Russian  traveling -carriage. 
See  Droskt. 

Drone.  (Mtisic.)  The  base-pipe  of  a  bagpipe 
(which  see). 

Drop.  1 .  A  machine  for  lowering  loaded  coal-cars 
from  a  high  staith  to  the  vessel,  to  avoid  the  break- 
ing of  the  coal  by  dropping  it  from  a  hight.  It  is  a 
peri^endicular  lift  in  which  the  car  is  received  in  a 
movable  and  counterpoised  cradle  which  is  lowered 
and  returned.  A  falling  leaf  is  projected  outward, 
to  bring  the  wagon  over  the  hatchway  of  the  ves- 
sel. 

2.  A  swaging-hammer  which  drops  between 
guides.     See  Drop-hammer. 

8.  (Architecture.)  An  ornament  depending  from 
the  triglyphs  of  the  Doric  order,  gutla. 

4.  A  supplementary  gas-tube  to  lower  a  gas-jet. 
See  Drop-light. 

5.  A  theatrical  stage-curtain. 

6.  The  depth  of  the  hanger  by  which  shafting  is 
supported  overhead. 

7.  A  prismatic  pendant  for  a  chandelier,  to  in- 
crease the  brilliancy  of  the  display  by  the  refraction 
of  the  rays  of  light.  It  is  made  of  a  glass  lump 
molded  in  a  pinching-tongs. 

8.  (Nautical.)    The  depth  of  a  sail  amidships. 

9.  (Fortification.)     That  part  of  the  ditch  sunk 


deeper  than  the  rest,  at  the  sides  of  a  caponniere  ot 
in  front  of  an  embrasure. 

10.  A  falling  trap-door,  or  hatch. 

Drop-box.  (Jr  caving.)  A  shuttle-box  used  in 
tlgure-weaviug  looms  in  which  each  shuttle  carries 
its  own  color.  The  box  is  vertically  adjustable  by 
means  of  a  pattern-chain  or  otherwise  at  the  end  of 
the  shed,  and,  by  automatic  adjustment,  the  shuttle 
holding  the  required  color  is  brought  opposite  to  the 
shed  and  so  as  to  be  struck  by  the  picker. 

Drop'per.  1.  One  form  of  a  reaping-machine  in 
which  the  grain  falls  upon  a  slatted  platform,  which 
is  dropped  occasionally  to  deposit  the  gavel  upon  the 
ground.  (Sieberling's  patent.)  Simultaneously  with 
the  bringing  into  action  of  the  dropper,  a  cut-off  is 
brought  down  to  arrest  the  falling  grain  till  the 
platform  is  reinstated. 

(Mining.)  2.  A  divaricating  vein,  which  leaves  the 


HtrntstfT-Dropptf. 

main  lode ;  or  a  lode  which  assumes  a  vertical  di- 
rection. 

Drop-flue  Boil'er.  One  in  which  the  caloric 
current  descends  by  one  or  more  steps  or  gradations, 
bringing  it  into  contact  with  parts  of  the  boiler  in 
descending  series  ;  the  object  oeing  to  cause  it  to 
leave  the  boiler  at  the  lower  part,  where  the  feed- 
water  is  introduced. 

Drop-ham'mer.  A  hammer  in  which  the  weight 
is  raised  by  a  strap  or 


similar  device,  and 
then  released  so  as  to 
drop  upon  the  object 
below,  which  rests 
upon  the  anvil.  It 
is  used  in  swaging, 
die-work,  striking  up 
aheet-metal,  jewelry, 
etc.  In  Fig.  1782 
the  hammer-strap  is  > 
drawn  upward  by 
means  of  two  pulleys, 
which  are  brought 
together  so  as  to 
compress  the  strap 
between  them.  One 
of  these,  the  driving- 
pulley,  is  fast  upon  its 
axle  and  turns  in'fixed 
bearings,  while  the  i 
other  turns  loosely  [ 
upon  an  eccentrically 
joumaled     axis,    ar- 
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ranged  also  in  fixed  bearings,  but  so  as  to  be  in- 
capable of  turning  therein  except  as  force  is  applied 
to  it  to  effect  that  object.  To  one  end  of  the  latter 
shaft  there  is  attached  a  horizontal  arm,  the  outer 
end  of  which  is  connected  to  a  hand-lever  or  treadle 
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by  a  connecting-rod. 
By  means  of  these  ap- 
pUances  the  eccentri- 
cally joumaled  shaft 
can  be  turned  at  will, 
so  as  to  remove  its 
roller  from  contact  with 
the  strap,  and  allow  the 
hammer  to  fall  through 
any  len^h  of  space  de- 
sired, within  the  limits 
of  the  machine. 

In  Fig.  1783,  the 
hammer  is  raised  by  a 
strap  which  winds  on 
to  the  main-shaft.  By 
means  of  a  clutch,  the 
loose  pulley  is  engaged 
with  or  disengaged 
from  the  driving-shaft, 
to  raise  the  hammer  or 
let  it  fall.  An  elliptical 
pin  is  jonrnaled  in  an 
arm  keyed  to  the  shaft, 
and  works  in  an  an- 
nular groove  in  the  side 
of  the  pulley.  In  one 
position  of  the  pin  it 
will  bite  between  the 
walls  of  the  groove  and 
hold  the  pulley  fast, 
and  when  turned  on  its 
axis  it  will  release  it. 

Drop-light     1.   A 
means  for  pla<;ing  the 
gas-burner  at  such  elevation  as  may  be  convenient 
for  reading  or  work,    and    supporting   it  in  place 
without  extraneous  help.     In  Fig.  1784,  a  gas  pas- 
sage   being   formed 

lazy-tongs, 
dl-light     is 

raised     or 

by      the 

d  pulley  at- 

stand  for  a 
mer  and 
r,  adapted  to 
ced  on  a 
nd  connect- 

an  elastic 
th  the  gas- 

Drop- 
me'ter. 

An  instru- 
ment    for 
measuring 
d   drop    by 
►  therwise 
droppiTtg- 
)pping-tube; 
ipelte. 

ng-tabe.  A 
a  at  both 
lower  aper- 
quite  small, 
be  being 
7'ith.  liquid, 
r  is  closed 
upper  end, 
n  relaxed  to 
Drop-Light.  such  extent  as  to  allow 


the  liquid  to  exude  in  drops  from  the  lower  end.  It 
is  a  small  velinche. 

The  dropping-botUe,  pipette,  burette,  and  drop- 
meter  have  a  similar  purpose. 

Drop-preas.  A  form  of  power-hammer,  not  un- 
commonly called  a  press,  and  used  for  swaging  as 
well  as  for  ordinary  foiging.  The  machine  represented 
has  a  hammer-block  a,  swung  by  a  spring  d  c  from  a 

Fig.  ITRR. 


Drop- Press. 

wrist  on  a  disk  /,  which  is  rotated  by  the  wheel  g 
on  its  axis  when  the  idler-pulley  h  tightens  the 
band  k  a^nst  the  wheel.  This  is  done  by  pulling 
on  the  swinging  rod  j  i,  and,  as  soon  as  the  rod  is 
released  and  the  idler  falb  back,  the  loose  band 
runs  over  the  wheel  without  rotating  it.  b  is  the 
anvil.  See  Drop-Hammer  ;  Dead-stroke  Hammer. 

Drop-roll'er.  (Printing. )  A  roller  dropping  at 
intervals  to  draw  in  a  sheet  of  paper  to  the  press. 

Drop-ta'ble.  A  machine  for  lowering  or  raising 
weights,  as  in  the  hatchways  and  cellar- ways  of  city 
warehouses. 

A  machine  for  withdrawing  car  and  locomotive 
wheels  from  their  axles. 

Dros'ky.  A  Sclavonic  four-wheeled  vehicle  in 
which  the  passengers  ride  astraddle  of  a  bench,  their 
feet  resting  on  bars  near  the  ground.   A  droitzscfika. 

Dro-Bom'e-ter.  An  instrument  for  measuring 
the  quantity  of  dew  that  collects  on  the  surface  of  a 
body  exposed  to  the  open  air  during  the  night. 

Weidler's  instrument  was  a  bent  balance,  which 
marked  in  grains  the  additional  weight  ac(|uired  by 
a  piece  of  glass  (or  a  pan)  of  certain  aimensions,  ow- 
ing to  the!  globules  oi  dew  adhering  thereto  ;  on  the 
other  end  of  the  balance  was  a  protected  weight. 

Another  drosoTneter  is  substantially  like  a  rain- 

\Vell8*s  drosometer  was  a  tussock  of  wool  weighed 
dry,  and  again  after  the  acces^on  of  dew.  Gideon 
on  one  occasion  wrung  out  of  a  fleece  **a  bowl  full 
of  water  "  which  was  collected  in  this  way. 

DrosB.  The  scum,  scoria,  slag,  or  recrement 
resulting  from  the  melting  of  metals  combined  with 
extraneous  matters. 

Drove.  1.  (Masonry.)  a.  A  broad-edged  chisel 
for  stone-masons. 


Digitized  by 


Google 


DROWNED-LEVEL. 


756 


DRUM. 


6.  A  mode  of  parallel  tooling  by  peri)endicular 
fluting  on  the  faoes  of  hard  stones. 

2.  {Hydraulic  Engineering. )  A  narrow  irrigating 
channel. 

Drowned'leveL  (Miniiig.)  A  depressed  level 
or  drainage-gallery  in  a  mine,  which  acts  on  the 
principle  of  an  inverted  siphon.     A  blind-level, 

Dro'wn'ing-bridge.  A  sluice-gate  for  overflow- 
ing meadows. 

Dmg'get.  (Fabric.)  A  coarse  woolen  fabric, 
felted  or  woven,  self-colored  or  printed  on  one  side  ; 
used  to  protect  carpets. 

A  similar  but  finer  article  forms  piano  and  table 
covers. 

Dmg-milL  One  for  grinding  niedicines ;  vary- 
ing in  size  and  construction  according  to  the  kind 
of  drug  and  the  resources  of  the  establishment.  The 
Chilian  mill  is  used  for  some  purposes  ;  in  the  more 
usual  form  it  has  a  rotating  cone  in  a  serrated  case, 
like  a  coflee-mill,  or  adjacent  disks,  like  a  paint- 
mill.     See  Grindino-mill. 

Dnig-sift'er.  A  perforated  tray  or  sieve  either 
reciprocating  or  rotatory,  inclosed  in  a  casing,  and 
having  a  drawer  beneath  for  receiving  the  powder. 
It  is  usually  oi)erated  by  a  crank. 

Drum.  1.  {Machinery.)  A  cylinder  over  which 
a  belt  or  band  passes. 

When  the  cylinder  bears  a  load,  it  becomes  a  roller. 
A  roller  frequently  has  gudgeons  to  allow  it  to  be 
dragged,  as  the  agiHculiaral  and  garden  rollers. 
Such  a  roller  (having  gudgeons  or  axle),  by  the 
diminishing  of  its  length  sufficiently,  becomes  a 
wheel. 

A  narrow  drum  (belt-bearing  cylinder)  becomes  a 
sheai^f  pulleyy  or  rigger.  , 

The  fcarrtf/  of  a  crane,  windlass,  winch,  or  capstan 
on  which  the  rope  or  chain  winds. 

The  cylinder  on  which  wii-e  winds,  and  whose 
rotation  pulls  it  through  the  draw-plate. 

The  grinding-cylindcr  or  corie  of  some  mills,  as 
the  coff*ee  or  the  plantation  mill,  etc. 

2.  (Paper-makiTig.)  A  washinf;-drum  for  racs 
consists  of  a  framework  covered  with  wire  gauze,  in 
the  interior  of  which,  connected  with  the  shaft  or 
8))indle,  which  is  hollow,  are  two  suction-tubes  by 
which  the  water,  after  circulating  through  the  rags, 
is  carried  away  in  a  constant  stream. 

8.  (Calico-printing.)  One  name  of  the  cask  in 
which  steam  is  applied  to  printed  fabrics  in  order  to 
fix  the  colors.  It  consists  of  a  hollow  wooden  cylin- 
der with  interior  conveniences  for  suspending  the 
cloths  and  covering  them  with  flannel ;  after  which 
the  cover  is  applied  and  steam  admitted  for  twenty 
or  thirty  minutes. 

4.  (Architecture.)  The  bell-formed  portion  of  a 
Corinthian  or  composite  capital. 

6.  (Music,)  A  musical  iustmment,  formed  by 
stretching  parchment  over  the  ends  of  a  cylinder  of 
wood  or  over  a  bowl-shaped  metallic  vessel.  The 
skin  of  the  ass  is  a  very  superior  aiticle  for  the  pur- 
pose. If  it  were  very  sonorous,  it  would  not  be  sur-. 
jirising.  The  Greeks  used  the  bones  of  the  ass  for 
making  flutes,  so  the  animal  has  almost  as  great  a 
compass  in  death  as  in  life,  which  is  saying  a  great 
deaL     His  range  includes, 

'*  The  eftr-pierdog  fife,  the  splrit-etirriiig  drum." 

The  dnim  was  a  martial  instrument  among  the 
ancient  Egy])tians,  as  the  sculptures  of  Thebes 
testify.  Their  long  drum  (a)  was  Hke  the  Indian 
tam-tam,  and  was  bMeaten  by  the  hand.  It  was  about 
18  inches  long,  had  a  case  of  wood  or  metal,  and 
heads  of  prepared  skin,  resembling  parchment. 
These  were  braced  by  cords  in  a  manner  somewhat 


similar  to  the  modem.  The  instrument  was  carried 
by  a  belt,  and  was  slung  behind  the  back  on  a 
march. 

An  instrument  similar  to  the  darabooka  of 
modem  Egypt  is  found  represented  in  the  tombs  of 
Thebes.  It  consists  of  a  parchment-head  strained 
over  a  funnel-shaped  body  of  pottery,  and  is  played 
like  a  tambourine. 

The  cuts  c  e  show  a  dram  which  was  found  in 
Thebes  by  D'Athanasi,  and  show  how  the  strings 
were  braced.  The  sticks  rf,  accompanying,  show  that 
it  was  beaten  in  the  modem  manner. 

The  derbelckch  of  modem  Syria  is  similar  to  the 
Egyptian  darabooka^  as  their  names  indicate.  Much 
omament  is  lavished  upon  the  cases  of  the  Syrian 
instraments,  as  may  be  seen  in  Thomson's  "The 
Land  and  the  Book."  Oriental  nations  have  very 
imperfect  ideas  of  melody  and  harmony,  but  are 
very  industrious  players  on  the  drum,  castanets,  and 
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tambourine,  accompanied  by  the  twanging  of  guitars 
and  the  clapping  of  hands. 

The  invention  of  the  drum  is  ascribed  to  Bacchus, 
who,  according  to  Polygoenus,  gave  his  signal  of 
battle  by  cymbal  and  drum.  It  was,  however, 
known  in  very  early  ages,  and  in  some  form  or  other 
among  almost  all  nations. 

Drams  of  the  barrel  and  kettle  variety  were  used 
in  Ancient  Greece,  and  were  beaten  by  hand  and  by 
sticks.  The  instrument  came  from  Egypt,  and 
passed  from  Greece  to  Rome. 

After  an  interval,  in  which  the  classic  civilization 
made  a  pause,  the  drum  was  re-imported  into 
Europe  by  the  Sai*acens  about  713  ;  its  Arabic  name, 
aUctmbor,  becoming  tambor  in  Spain,  tambour  in 
France. 

'  The  native  drums  or  tam-tatns  of  the  Asiatics  are 
made  of  sonorous  bronze  with  a  skin  covering, 
preferably  a  lizard  skin,  and  are  beaten  by  the  hand. 
They  are  allied  to  the  darabooka  of  Egypt  and  the 
Syrian  dram. 

The  Chinese  and  Maudshu  words  for  dram  are 
onomatopoetic,  and  are  respectively  kdn-kdn  and 
tufvg-twng. 

The  forms  of  drams  among  the  Japanese  are 
various, —  kettle-drums,  table-drums,  tam-tams,  sus- 
pended tambourines. 

The  dram  of  the  Yucca  Indians  of  Sonora  is  about 
20  inches  in  diameter,  and  consists  of  a  skin 
stretched  on  a  wooden  hoop.  The  skin  is  apparently 
that  of  a  buifalo  calf,  and  is  tightened  by  cords.  It 
has  but  one  head,  like  a  tambourine. 
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John  Ziska,  the  Hussite,  died  of  the  plague,  and 
before  he  expired  ordered  that  his  skin  be  made  into 
the  covering  of  a  drum,  to  be  beaten  in  the  advance. 

"  His  name  shall  beat  the  adyance,  like  Ziska's  drum.'* 

This  noted  Polo  fought  the  Emperor  Sigisnumd, 
1420-22.  The  hitter  had  given  a  .safe-conduct  to 
John  Huss,  who  was  cited  before  the  Council  of 
Con.stauce.  Huss  was  abandoned  by  the  Emperor 
to  his  enemies,  and  was  burned  by  the  Roman 
Catholics,  July  6,  1415. 

The  modern  drum/  is  a  cylinder  of  brass  or  wood, 
overthe endsof  which  pirchment  heads  are  stretched. 
The  tension  is  obtained  by  a  system  of  cords,  and  is 
regulated  by  sliding  knots  of  leather.  The  head 
which  is  beaten  is  calhnl  the  batter-head,  and  the 
opposite,  across  which  two  cords  are  stretched,  the 
snai-e-h^Eid. 

The  snare  drum  has  a  catgut  string  stretched 
across  its  lower  head  to  impart  a  certain  (quality. 

The  smaller  drums  an^  beaten  with  sticks.  The 
larger,  ba-ss  drum,  is  beaten  with  padded  drum- 
sticks. 

The  large  drum,  l)eaten  at  both  ends,  is  called  a 
dotible-drain.  Those  hanging  by  the  side  of  the 
drummer  are  called  sule-driuiis. 

The  kettle-drum  ^  is  so  called  from  its  resemblance 
to  a  hemisphcM'ical  kettle.  It  is  formed  of  thin 
copper,  and  hiis  a  head  of  parchment  or  vellum. 

The  small  military  drum  is  frequently  called  by 
this  name.  They  are  still  used  in  pairs,  in  the  Eng- 
lish and  Prussian  armies  and  elsewhere,  slung  on 
each  side  of  the  withei-s  of  a  cavalry  hbrse.  One 
drum  was  tuned  to  the  key-note,  and  the  other  to 
tlie  fifth  of  the  key.  The  tuning  is  by  a  hoop  and 
sci-ews. 

They  are  now  usually  .supported  upon  a  tripod 
an«l  used  in  orchestras.  The  tam-Uun  is  the  original 
kettle-drum. 

6.  {Mechanics.)    A  chamber  of  a  cylindrical  form 
u.sed    in    heaters,    stoves. 
Fig.  1787.  and  flues.    It  is  hollow  and 

thin,  and  generally  forms 
a  mere  casing,  but  in  some 
cases,  as  steam-drums,  is 
^  adapted  to  stand  consider- 
able pressure.  The  drums 
in  Fig.  1787  are  radiators, 
and  the  caloric  current  is 
compelled  to  follow  a 
sinuous  course  through  the 
di-um. 

7.  A    small    cylindrical 
box  for  holding  fruit.     A 
keg  with  straight  sides. 
Stove-Drum,  DmiA-ciirb.    A  cylin- 

der of  wood  or  cast-iron 
inserted  in  a  hole  .which  forms  the  commencement 
of  a  shaft,  to  support  a  brick  stnicture  or  shaft 
lining.  The  earth  is  dug  away  below  the  edge  of 
the  drum,  and  as  the  latter  sinks  the  courses  of 
brick  are  continually  added  at  the  top. 

Dram  Cyrin-der-presB.  (Printing.)  One  hav- 
ing a  large  hollow  cylinder.  A  feature  in  several 
forms  of  piviises. 

Drum-head.  (Nautical.)  The  head  of  the 
capstan,  having  square  holes  to  receive  the  bars. 

Drmn'mond  Li^t.  Invented  by  Lieutenant 
Drummond,  Royal  Engineers,  during  the  progress 
of  the  Onlnance  Survey  in  England,  about  1826,  to 
supply  a  deficiency  which  was  found  to  exist  in 
the  means  of  making  distant  stations  visible  from 
each  other.  It  is  mide  by  exposing  a  small  ball  of 
quicklime  to  the  action  oi  the  oxy-hydrogen  blow- 


pipe, or  the  lime  may  be  placed  in  the  flame  of  a 
spirit-lamp  fed  by  a  jet  of  pure  oxygen  gas. 

Drummond's  apparatus  was  so  constructed  that 
the  lamp  fed  itself  automatically  with  spirit  and 
with  oxygen,  supplying  itself  with  balls  of  lime  as 
they  were  gradually  consumed,  and  was  provided 
with  a  paraboliq  silvered  copper  mirror.  With  this 
apparatus  the  light  produced  by  a  ball  of  lime  not 
larger  than  a  l£)y's  marble,  at  Londonderry,  was 
visible  at  Belfast,  a  distance  of  nearly  seventy  miles, 
in  a  direct  line.  Subsequently,  Colonel  Colby  made 
a  lime-light  signal  visible  from  Antrim,  in  Ireland, 
to  Ben  Lomond,  in  Scotland,  a  distance  of  ninety- 
five  miles  in  a  straight  line. 

It  is  stated  that,  intensified  by  a  parabolic  re- 
flector, it  has  been  observed  at  a  distance  of  112 
miles. 

It  is  underetood  that  the  first  application  in  prac- 
tice was  when  it  was  required  to  see  Leith  Hill,  in 
Surry,  from  Berkhampstead  Tower,  in  Hertford- 
shire. 

The  practical  application  was  described  in  two 
papers  published  in  the  *'  Philosophical  Transactions 
of  1826  and  1831." 

The  apparatus  consists  of  a  lamp  which  admits 
oxygen  and  hydrogen  gas  at  the  respective  aper- 
tures 0  h.  The  gases  come  from  separate  holders, 
and  do  not  mix  tul  they  reach  the  chamber  c.  Here 
they  pass  through  several  thicknesses  of  wire-gauze, 
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Drummond's  Lamp. 

which  prevent  explosion  by  the  reflex  action  of  the 
flame,  and  then  issue  at  two  points,  being  projected 
upon  the  ball  b,  which  revolves  once  in  a  minute  to 
prevent  wasting  at  the  two  points  where  the  flame 
impinges  upon  it.  A  ball  of  lime  lasts  about  forty- 
five  minutes,  and  a  reserve  of  them  is  kept  upon  the 
wire  a  m,  one  being  released  periodically,  and,  falling 
u^wn  the  curved  support  t,  is  held  in  focal  position, 
the  former  ball  having  dropped  into  the  cistern 
below,  b  represents  the  focal  oall  in  position  ;  the 
ball  at  g  falls  into  a  position  where  it  becomes 
gradually  heated  ;  at  the  end  of  that  time  the  curved 
support  tf  moving  on  a  pivot,  is  temporarily  thrown 
out  of  its  normal  position  by  means  of  the  weight 
fF.  The  exhausted  ball  falls  away,  and  a  fresh 
ball  falls  into    the   focus.     The   wire  a  b  
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through  the  focus  of  the  parabolic  reflector,  and 
holes  are  cut  in  the  reflector  for  the  passage  of  the 
balls  and  for  the  curved  jet-pipes,  which  are  pivoted 
to  the  stand-pipe. 

Drum-Ba'Vtr.  A  cylindrical  saw  for  sawing  curved 
stuff,  staves  especially.    A  cylinder -saw ;  barrel-saw. 

Drum-'wheeL  A  very  ancient  Oriental  form 
of  water-raising  wheel  which  was  originally  drum- 
shaped,  but  afterwards  had  scoop-shaped  buckets 
which  dipped  up  water  and  conducted  it  towards  the 
axis,  at  or  near  which  it  was  discharged.  See  Tym- 
panum. 

Dnink'en-oaf  ter.  An  elliptical  cutter-head, 
placed  at  such  obliquity  on  the  shaft  as  to  revolve 
in  a  circular  path.     A  wobbler. 

Druz'ey.  Timber  in  a  state  of  decay,  with  white 
spongy  veins. 

Dry-arch.  (Building.)  An  arch  employed  in 
the  foundations  of  building^  for  the  purpose  of  keep- 
ing them  dry. 

Dry-casfring.  The  process  of  casting  in  which 
the  molds  are  made  from  sand,  and  subsequently 
dried. 

Dry-dock.  A  dock  from  which  the  water  is 
withdrawn  after  the  vessel  has  floated  into  it.  Ad- 
vantage is  generally  taken  of  the  flow-tide  to  in- 
troduce the  vessel,  and  of  the  ebb  to  withdraw  the 
water.  The  water  flows  out  by  sluices,  and  the  gates 
point  outward  to  resist  the  re-entrance  of  the  water. 
A  graviiig-dock. 

After  the  great  ship  of  Ptolemy  Philopator  was 
afloat,  "a  Phcenician  devised  a  new  method  of 
docking  it  by  dig^ng  a  trench  close  to  the  harbor, 
equal  to  the  ship  m  length.     In  this  trench  he  built 

Erops  of  solid  stone,  5  cubits  high,  and  across  them 
e  laid  beams  crosswise  running  the  whole  width 
of  the  trench  at  four  cubits  distance  from  each  other  ; 
and  then  making  a  channel  from  the  sea  he  filled 
the  excavateii  space  with  water  and  floated  in  the 
vessel.  Then  reclosing  the  entrance,  he  drained  the 
water  off  by  means  of  engines  ;  and  when  this  had 
been  done  the  vessel  rested  securely  on  the  cross- 
beams."—  Callixenus's  AccoujU  of  Alexandria, 
quoted  by  ATHENiEUS  in  his  Deipnosophists,  A.  D. 
220. 

This  ship  was  200  cubits  long  ;  38  cubits  beam  ; 
48  cubits  midship-hight. 

Of  the  United  States  dry-docks  at  South  Brookl3rn, 
No.  1  is  500  feet  long,  60  feet  wide  at  bottom,  and 
capable  of  receiving  vessels  of  12  feet  draft  at  low 
water,  or  18  feet  at  high  water.  No.  2  is  447  feet 
long,  and  receives  vessels  drawing  17  feet  at  low  wa- 
ter, and  22  feet  at  high  water.  By  means  of  a  cen- 
tral gate  this  dock  may  be  divided  into  two  separate 
parts,  each  forming  an  independent  dock.  The 
pumping  is  done  by  means  of  a  superior  horizontal 
engine  of  100-horse  power,  and  two  oscillators  of 
50-horse  power  and  80-horse  power  respectively. 
The  former  of  these  engines  connects  with  a  double 
centrifugal  pump  of  mammoth  proportions,  and  with 
a  capacity  for  pumping  and  discharging  40,000  gal- 
lons of  water  per  minute.  At  this  rate  the  average 
time  required  for  completely  relieving  the  docks 
from  water  is  about  three  and  a  half  hours  ;  the 
docks  when  full  contain  8,000,000  gallons  of  water. 
The  oscillators  are  attached  to  centrifugal  pumps 
used  for  drainage,  or  keeping  the  docks  free  from 
water  when  occupied  by  vessels.  Their  average 
capacity  is  about  1,000  gallons  each  per  minute. 

Dry'er.  A  machine  or  apparatus  for  evaporating, 
driving  off  superfluous  moisture,  desiccating.  The 
term  is  applied  to  a  certain  class  of  machines,  and 
yet  no  absolute  line  can  be  drawn  between  it  and 
ovens,  kilns,  etc.     See  :  — 


Bagasse-dryer. 

Barrel-dryer. 

Cloth-dryer. 

Feather-renovator. 

Fruit-dryer. 

Grain-dryer. 

Kiln. 

Lumber-dryer. 


Malt-dryer. 

Manure-desiccator. 

Oast. 

Offal-dryer. 

Oven. 

Paper-dryer. 

Wool-dryer. 


1.  The  heated  tables  or  cylinders  which  expel  the 
moisture  from  the  just-formed  paper,  in  the  machine. 

2.  The  oven  which  evajfwrates  the  moisture  from 
ceramic  work,  giving  the  pieces  a  certain  degree  of 
rigidity  and  desiccation,  when  they  are  fit  for  the 
subsequent  operations,  according  to  their  purpose 
and  quality.     See  Pottery. 

3.  An  oven  for  drying  fruit. 

4.  A  kiln  or  heated  cylinder  for  drying  grain. 

5.  A  closet  for  drying  clothes  or  cloth. 

6.  A  core  stove. 

7.  In  painting,  a  preparation  to  increase  the  dry- 
ijig  and  hardening  properties  of  paint. 

a.  Litharge  ground  to  a  paste  with  drying  oil. 

b.  White  copperas,  or  sugar  of  lead,  and  drying  oil. 
Dry-g;ild'ing.    A  mode  of  gilding,  by  steeping 

linen  rags  in  a  solution  of  golcl,  burning'  the  rags, 
and  then  with  a  piece  of  rag  dipped  in  salt-water 
i-ubbing  the  ashes  over  the  silver  intended  to  be  gilt. 

The  method  was  invented  in  Germany,  and  is  first 
described  in  England  in  the  *'  Philosophical  Trans- 
actions" for  1698. 

Dry-f;rind'ing.  The  cutler  s  mode  of  sharpen- 
ing and  polishing  steel  goods  on  a  grindstone,  with- 
out water. 

It  is  very  injurious  to  the  health.  Two  remedies, 
or  rather  protections,  are  aflbrded :  1.  Abraham's 
magnetic-respirator^  which  arrests  the  particles  of 
steel.  See  Respirator.  2.  Exposure  of  but  a  small 
portion  of  the  stone,  and  a  tube  in  the  immediate 
vicinity  of  the  work  to  carry  off  all  the  dust. 

Dry'ing.  The  exposure  of  crystallizing  magma 
sirup  in  a  centrifugal  machine,  where  the  molasses  is 
drained  from  it  by  mechanical  action.  See  Cen- 
trifugal-machine. 


Dry'ing- 
houBO.    An 

apartment  in 
which  any- 
thing is  ex- 
posed to  a  cur- 
rent of  air  mod- 
erately heated ; 
it  is  not  easy  to 
draw  the  line 
between  an  ov- 
en, a  dryer,  and 
a  kiln :  the 
words  are  used 
with  some  de- 
gree of  care- 
lessness, and 
have  become 
technical  in 
trades.  Cores 
are  dried  in 
ovens ;  pottery 
in  ovens  or  bis- 
cuit-kilns ; 
fruit,  lumber, 
and  woolin  dry- 
ers ;  grain  in 
dryers  or  kilns  ; 
malt  in  oasts; 
clothes  in  hot- 
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closets:  feathers  in  renovators.  The  illustration 
shows  a  diyer  which  has  a  drying-chamber  com- 
prising a  central  chamber  and  one  or  more  wings 
ninged  thereto,  and  mounted  on  wheels  or  casters  for 
the  purpose  of  ready  access  to  the  chambers  and  for 
removal  from  place  to  place.    On  one  side  is  a  suitable 

Srovision  for  drying  clothes,  and  on  the  other  for 
rying  fruits.     In  the  central  chamber  is  a  stove 
and  apparatus  for  heating. 

Dry'ing-ma-chine'.  The  machine  for  drying 
printed  calicoes  is  shown  by  a  vertical  longitudinal 
section  at  A,  Fig.  1790,  The  apparatus  is  in  a  hot 
room,  and  has  a  series  of  heated  steam  chests  and  cyl- 


CtotA-etrying  Machine. 

inders  with  upper  and  lower  rollers,  over  which  the 
cloth  is  exposed  to  the  drying  air  of  the  apartment. 
The  arrows  indicate  the  course  of  the  cloth. 

B,  Fig.  1790,  is  a  perspective  view  showing  a  series 
of  heated  cylinders  upon  which  starched  cotton  or  lin- 
en cloth  is  successively  wound,  drying  and  ironing  it. 

Similar  drying  cylinders  are  used  in  paper-making 
machines,  both  the  cylinder  machines  and  those  of 
the  Fourdrinier  pattern,  in  which  the  sheet  of  pulp 
is  felted  on  an  agitated  horizontal  web. 

Dry'ing  OS,  The  operation  in  gilding  by  which 
the  amalgam  of  gold  is  evaporated. 

Dry'ing-rootn.  The  apartment  in  which  articles 
or  materials  are  dried  ;  a.s,  gunpowder,  calico,  cores, 
and  what-not.     Sometimes  a  kiln. 

Dry'ing-stove.  A  place  where  cores  for  casting 
are  dried. 

A  stove  for  desiccating  fruit,  drying  clothes,  etc. 

Diy-me'ter.  A  form  of  gas-meter  in  which  no' 
liuuid  is  used.     See  Gas-meter. 

Dry-pUe.  A  voltaic  battery  in  which  the  plates 
are  separated  by  layers  of  farinaceous  paste  com- 
bined with  a  deliquescent  salt.  Known  as  De  Luc's 
Column, 

Dry-pipe.  (Steam-engineering.)  A  pipe  which 
conducts  dry  steam  from  the  boiler.  The  steam  is 
collected  in  such  a  manner  as  to  be  free  from  priming. 

Dry-point.  (Engraving.)  The  work  of  an  etch- 
ing-point upon  a  plate,  nnaccompanicd  with  the 
use  of  acid,  to  deepen  the  line  so  made. 


Dry-press.  (Printing.)  One  in  which  the  printed 
sheets  are  jiressed  smooth. 

Dry-sand.  (Casting.)  A  mixture  of  sand  and 
loam  which  are  employed  in  making  molds  subse- 
quently dried  in  an  oven. 

Dry-stove.  A  hot-house  whose  atmosphere  is 
adapted  hygrometrically  for  preserving  the  plants  of 
aria  climates. 

Du'al-ine.  Carl  Ditmar's  patent,  Na  98,854, 
January  18,  1870.     The  composition  is :  — 

Nitro-glycerine    .         .         .     60  per  cent. 
Fine  sawdust   .         .         .         80         ** 
Nitrate  of  potassa        .         .20         " 

Compared  with  dynamite,  it  is,  1.  More  sensitive  to 
heat,  and  also  to  mechanical  disturbances,  especiaUy 
when  frozen,  when  it  may  even  be  exploaed  by 
friction  ;  2.  The  sawdust  in  it  has  little  affinity 
for  the  nitro-glycerine,  and  at  best  will  hold  but  40  to 
50  per  cent  of  nitro-glycerine,  and  on  this  account 
very  strong  wrappers  are  needed  for  the  cartridges  ; 
8.  Its  specific  gravity  is  1.02,  which  is  60  per  cent 
less  than  that  of  dynamite,  and  as  nitro-glycerine 
has  the  same  explosive  power  in  each,  its  explosive 
power  is  50  per  cent  less  than  that  of  dynamite  ; 
[bulk  for  bulk  ?]  4.  The  gases  from  explosions,  in 
consequence  of  the  dualine  containing  an  excess  of 
carbon,  contain  carbonic  oxide,  and  other  noxious 
gases.  Lithofracteur  and  dualine,  however,  can  be 
exploded,  when  frozen,  by  means  of  an  oixiinary 
fulminating  cap,  which  is  not  the  case  with  dy- 
namite. —  Journal  of  Applied  Chemistry. 

Dubn^ing.  1.  (LeatJier  Manufacture.)  A  mix- 
ture of  fish-oil  and  tallow  which  is  used  to  protect 
leather  against  the  action  of  water.  It  is  rubbed 
into  the  nide  after  currying,  and  is  also  freely  used 
upon  the  hose  of  fire-engines  and  the  boots  of  per- 
sons exposed  to  wet.     Daubing. 

Anotner  recipe :  Resin,  2  pounds ;  tallow,  1 
pound  ;  train-oil,  1  gallon. 

2.  (Plastering.)  Filling  up  with  coarse  stuff  ir- 
regularities in  the  face  of  a  wall  previous  to  finishing 
it  by  plaster. 

8.  Dressing  off  smooth  with  an  adze. 
Dub'bing-out.  (Plastcriyig.)  A  system  of  bring- 
ing an  uneven  surface  to  a  plane  by  attaching  pieces 
of  tile,  slate,  lath,  or  other  matters,  to  the  wall  be- 
neath. 

A  projection  may  be  made  on  a  wall  by  the  same 
means  ;  pieces  being  attached  to  the  wall  and  cov- 
ered with  plaster  brought  to  shape  by  the  trowel. 

Dub'bing-tooL  An  instrument  for  paring  down 
to  an  even  suiface.     An  adze. 

Du-oape'.     (Fa^fric)    A  rich  silk. 
Duck.     (Fabric.)    A  flax  fabric  lighter  and  finer 
than  canvas. 

Duck's-bill  Bit.  A  wood-boring  tool  adapted 
to  be  used  in  a  brace. 

It  has  no  lip,  but  the  screw-cylinder  which  forms 
the  barrel  of  the  tool  terminates  in  a  rounded 
portion  whose  edge  is  sharpened  to  form  the  cutter. 
See  Bit  ;  Boring. 

Duok's-foot  Pro-pel'ler.  A  collapsing  and 
expanding  proi>eller  which  offers  but  little  resistance 
in  the  non-eff'ective  motion,  but  expands  to  its  full 
breadth  in  delivering  the  effective  stroke,  forming  a 
kind  of  folding  oar  which  opens  to  act  against  the 
water  when  pushed  outward,  and  closes  when  drawn 
back  at  the  end  of  the  stroke. 

The  idea  was  taken  from  the  foot  of  a  duck,  and 
was  first  tried  by  the  celebrated  Bernoulli,  after- 
wards by  Genevois,  a  Swiss  clei^3rman,  about  1757  ; 
I  then  by  £arl  Stanhope  about  1808.  It  was  used  on 
the  river  Thames  about  1830. 
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Nairn's  propelling  apparatitSf  English  yiatent, 
1828,  has  the  contractile  retreat  and  expanding  ad- 
vance, the  advance  being  understood  to  mean  the 
effective  stroke. 

Duc'ti-lim'e-ter.  An  instrument  invented  by 
M.  Regnier  for  ascertaining  the  relative  ductility  of 
metals.  The  metal  to  be  tested  is  subjected  to  the 
action  of  blows  from  a  mass  of  iron  of  given  weight 
attached  to  a  lever,  and  the  effect  produced  is  shown 
upon  a  graduated  arc. 

Duc-til'l-ty.  The  quality  of  adaptedness  for 
drawing  into  wire  ;  as  malleability  is  for  being 
beaten  into  leaves. 

The  order  of  metals  in  these  two  respects  is  as 
follows :  — 


DuctUitj. 

Gold. 

Gold. 

Silver. 

Silver. 

Platinum. 

Copper. 

Iron. 

Tin. 

Copper. 

Platinum, 

ZinJ. 

Lead. 

Tin. 

Zinc. 

I^d. 

Iron. 

Nickel. 

Nickel. 

Duo'tor.  A  gage  or  straight-edge  to  remove 
superfluous  material,  as  one  on  the  color-roller  of  a 
calico-printing  machine,  inking-roUers,  etc.  See 
Doctor. 

Duc'tor-roll'er.  {Printing.)  A  roller  to  con- 
duct ink  to  another  roller  or  cylinder. 

Duf'fels.  {Fabric.)  A  thick,  coarse  kind  of 
woolen  cloth  having  a  thick  nap  or  frieze. 

Dug-out.  A  canoe  formed  of  a  single  log  hol- 
lowed out,  or  of  parts  of  two  logs  thus  hollowed  out 
and  afterwards  joined  together  at  the  bottom  and 
ends.     See  Canoe. 

Dul'oi-an'a.  {Music.)  A  metallic  mouth-pipe 
stop  tuned  in  unison  "ftitYidiapason,  and  having  rela- 
tively long  and  narr6w  pipes  which  produce  a  certain 
sweetness  of  tone.     See  i^TOP. 

Dul'oi-mer.  The  dulcimer  is  supposed  to  be 
identical  with  the  psaltery  of  the  Heorews.  It  is 
frequently  mentioned  in  Sciipture.  The  modern 
dutdmer  consists  of  a  box  with  a  cover  which  forms 
a  sounding-board,  and  has  a  number  of  wire  strings 
stretched  over  a  bridge  at  each  end.  It  is  played 
by  elastic  rods  with  pellets  of  cork  at  the  ends.  The 
number  of  strings  is  usually  about  fifty. 

*•  Here  [at  the  puppet  play  in  Co  vent  Garden], 
among  the  fiddlers,  i  first  saw  a  dulcimere  played 
on  with  sticks  knocking  of  the  strings,  and  is  very 
jr."  —  Pepys's  Diary^  May  24,  1662. 
ne  Javanese  gambang  has  wooden  and  brass 
bars  of  different  lengths  placed  crosswise  over  a 
wooden  trough.  They  are  struck  by  small  sticks 
with  a  ball  of  pith  at  the  end."  —  Bickmoke's 
Travels  in  the  Indian  Archipelago. 

Duledge.  The  dowel- pins  of  the  fellies  of  a 
gun-carriage  wheel. 

Duxn.  {Mining.)  A  frame  of  wood  like  the  jambs 
of  a  door,  set  in  loose  ground  in  adits  and  places  that 
are  weak  and  liable  to  fall  in  or  tumble  down. 

Dumb-beU.  An  exercising  weight  consisting  of 
a  handle  with  an  oblate  sphere  at  each  end. 

a  is  the  ordinary  dumb-bell. 

ft  is  a  dumb-bell  in  which  the  weight  is  graduated 
by  constructing  it  of  a  series  of  shells,  one  over  the 
other,  which  mav  be  removed  at  pleasure. 

c  is  Windship  s  dumb-bell,  which  has  a  number 
of  weights  slipping  on  a  tube,  and  having  washers 
and  keys  to  hold  finnly  any  number  that  may  be 
desired. 


p'^fC 


The  haUeres  of  the  Romans  and  Greeks  were 
weights  used  for  exercising  and  leaping.  One  was 
grasped  in  each  hand  and  they  were  swayed  to  in- 
crease the  momentum  of  the  body  when  vaulting. 

The  discus  was  a  circular  stone  or  plate  of  metal, 
and  was  thrown  from  a  fixed  spot  to  a  distance. 

Fig.  1791. 


Dwnb-BeUs. 

Our  quoits  are  rings  which  are  thrown  on  to  or  as 
near  as  possible  to  a  stake,  being  a  game  of  skill 
rather  than  of  strength.  In  country  places  horse- 
shoes are  often  used. 

The  Scotch  game  of  "putting  the  stone,"  or 
throwing  the  hammer,  resembles  the  hurling  of  the 
lump  of  iron  in  'the  funeral  games  of  the  Greeks.  A 
heavy  mass  of  a  spherical  form  {solos)  was  perforated 
at  the  center  to  receive  a  thong  or  rope  which  formed 
the  handle.  In  the  form  of  the  discoholia  it  is  yet 
used  by  the  mountaineers  in  the  canton  of  Appen- 
zell,  in  Switzerland. 

In  the  Scotch  came  of  curling^  the  stone  or  iron 
block  is  propelled  along  the  ice  to  a  stake  or  base, 
called  the  "  pee,"  the  object  being  to  land  it  as  near 
"  home  "  as  possible  and  dislod^  opponents. 

Dumb-ftu-'naoe.     A    ventilating    furnace   for 
mines,  so  con- 
trived that  the  Fig.  1782. 
foul      inflam- 
mable air  from 
the  more   re- 
mote parts  of 
the  mine  shall 
not  be  brought 
in     contact 
with   the   fire 
at  the  mouth 
of  the  up-cast 
shaft  a.    This 
is  eiSected  by 
causing  the  air  from  those  parts  to  be  introduced 
into  the  shaft  by  a  separate  passage  b  entering  the 
shaft  some  distance  above  that  from  the  furnace. 

Dumb-plate.  {Steam.)  The  dead-plate  or  por- 
tion of  the  furnace  bottom  close  to  the  doors,  which 
has  no  air  apertures  or  spaces. 

Dumb-'wait'er.  A  movable  frame  for  conveying 
food,  etc.,  from  one  story  or  room  of  a  building  to 
another. 

The  ordinary  form  is  a  suspended,  counterpoUed 
cupboard  o,  moving  within  a  vertical  chute,  which 
has  openings  at  the  respective  stories,  at  which  the 
dishes  may  be  placed  on  the  shelves  and  removed 
therefrom. 

The  dumb-waiter  of  the  Pentonville  Prison,  Eng- 
land, consists  of  a  cupboard  b  hoisted  by  means  of  a 
winch,  and  containing  trays  which  are  i-emoved  from 
the  cupboard  and  placed  on  a  carriage  c  which  runs 
on  the  liand-railing  d  of  the  balconies  on  opposite 
sides  of  the  corridor.  This  prison  is  conducted  on 
the  separate,  silent  system,  and  as  the  carriage  trav- 
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Fig.  1793  erses    along    the 

corridor,  attend- 
ants at  each  end 
stop  the  carriage 
opposite  the  doors 
of  the  cells  in 
succession,  and 
distrihute  the 
food  to  the  in- 
mates. 

Duin'my.  1. 
A  locomotive  with 
condensing  en- 
gines for  city 
travel,  and  con- 
sequently avoid- 
ing the  noise  of 
escaping  steam. 
See  Street-loco- 
motive. 

2.  A  floating 
barge  connected 
with  a  pier, 

3.  (Hat'inak- 
ing.)  A  tool  of 
box- wood,  shaped 
like  a  smoothing- 
iron,  and  used  by 
hat-makers  in 
glossing  the  sur- 
face of  silk  hats. 

Durn'my— car. 

A     passenger-car 

having  an  engine 

and  boiler  in  an 

end  compartment 

Dumb-Bin'- 

glea.  Silk  thread 

formed  of  several 

spun      filaments, 

associated    and 

twisted  together. 

Several        dumb- 

sifigles  combined 

and    twisted    to- 

gether      form 

throum-singles. 

Dump-bolt.     {Shipbuilding.)     A    short    bolt 

driven  in  to  hold  planks  temporarily,  until  the 

through  bolts  are  driven. 

Domp'ing-buck'et.  {3fining.)  A  hoisting- 
bucket  in  a  shaft  so  swung  as  to  be  tipped  for  the 
discharge  of  its  load,  or  having  a  bottom  which  is 
closed  by  a  latch,  but  may  be  swung  open  for  drop- 
ping the  contents. 

Dump'ing-car.  Dumping-cars  are  used  in  con- 
structing and  ballasting  railroads,  excavating  and  fill- 
ing in,  canal  and  dock  building,  for  carrying  ores, 
etc 

Hg.  1794.  f^ 


Dumb-WeUters. 


The  car  a  has  shutters  in  the  bottom  which  are 

allowed  to  fall  when  a  bolt  or  button  is  withdrawn. 

The  tilting  car  b  has  a  bed  secured  by  a  longitudinal 

bolt  to  the  frame,  and  may  be  tilted  sideways  so  as 

Fig.  1795. 
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Dumping'  Can. 

to  discharge  its  load  over  the  wheels  outside  the 
track.  Hooks  retain  the  bed  in  a  level  position  till 
the  car  reaches  the  place  to  dump  the  gravel.  Dump- 
ing-cars are  made  to  discharge  at  end  or  side  (rf),  or 
to  swivel  and  dump  in  any  direction  (e).  The  load 
is  about  2J  cubic  yards. 


Fig.  179«. 


Dummy' Ccar. 


Snglish  Dumfnim-Car. 
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rig.1797. 


Fig.  1800. 


Dumping' Cart 


Dump'lng-cart  One  having  a  bed  hinged  to  the 
axle  and  capable  of  being  tipped  to  discnai^  its 
load.  In  the  example,  as  the  cart  or  wagon  body 
is  tipped  up  to  dump  the  load,  the  tail-board  will  be 
raised  automatically,  and  will  drop  back  a^n  into 
place  and  fasten  itself  as  the  said  body  is  again 
raised  into  a  horizontal  position. 

Dump'ing-reeL  An  arrangement  in  a  harvester 
for  dropping  the  gavels  of  grain.  The  cut  grain  falls 
against  one  of  the  reel-bara,  which  hold  it  up  till  a 
gavel  is  collected.  The  reel  then  makes  a  partial 
rotation,  dropping  what  has  been  collected  m  the 
rear  of  the  cutter-bar,  and  bringing  another  bar  into 
position  for  collecting  another  gavel. 

Dump'ingHiled.  One  with  an  arrangement  for 
sliding  back  the  bed  so  that  it  may  overbalance  and 
tip  out  the  load.    The  box  is  hinged  to  the  rear 


Fig.  1796. 


2>imgfing'SUd. 

bolster  so  as  to  tip  and  dump  the  contents  when  the 
bed  is  run  back.  This  is  done  by  removing  a  catch, 
when  the  draft  of  the  team  on  the  tongue  draws 
upon  a  rope  and  runs  the  box  to  the  rear. 

Domp'ing-iKrag'on.  One  with  an  arrangement 
for  dischai^ng  the  contents.  In  Fig.  1799  the 
hinged  sections   constituting  the  bottom  may  be 

Fig.  1799. 
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Dmnphtg-WagoH. 


Gravtl-Wagim. 

swung  down  to  dump  the  load.  Each  section  is  in- 
dependently held  by  a  latch,  and  each  latch  may  be 
operated  by  its  appropriate  lever  at  the  right  hand 
of  the  driver,  so  as  to  deposit  the  contents  of  the 
wagon-bed  in  three  separate  piles. 

Fig.  1800  has  a  wagon-bed  which  runs  back  on 
rollers  by  power  applied  through  a  winch  and  ropes. 
By  a  change  of  the  tackle  the  bed  is  replaced. 

Dump'y-lev'eL  Gravatt'a  level.  A  spirit-level 
having  a  short  telescope  with  a  large  aperture,  and 
a  compass ;  used  for  surveying  purposes. 

The  telescope  is  made  of  sufficient  power  to  enable 
the  surveyor  to  read  the  graduations  on  the  staflf 
without  depending  on  an  assistant. 

Dun'der.  (Sugar-makiTig.)  The  distillable  lees 
and  dregs  of  the  cane-sugar  boiling. 

Dung-bath.  Used  in  calico-printing  works^ 
See  Dunging. 

Dung-fork.  A  4-tined  fork  for  pitching  and 
spreading  manure. 

Dung-hook.  {Agriculture.)  An  implement 
for     dragging 

out  manure  or  Wg.  1801. 

scattering  that 
which  has  been 

Sreviously 
umped  in 
heaps. 

Dung'ing. 
(Calico -print' 
ing.)  Removal 
of  the  superflu- 
ous mordant  Dtmg-Hook, 
by    passing 

dried  calico  through  a  warm  mixture  of  cow-dung 
and  water.  It  is  passed  through  two  cisterns  6  feet 
by  3  and  4  feet  deep,  the  first  of  which  has  two 
gallons  of  dung  to  its  contents  of  water,  and  the 
other  a  solution  of  half  the  strength.  It  is  quickly 
passed  through  them  in  succession,  washed  in  a 
wince-pUf  and  then  in  a  daah-toheel. 

A  solution  of  phosphate  of  lime,  phosphate  of  soda, 
and  gelatine,  is  sometimes  substituted  for  the  cow- 
dung. 

Dun'nage.      (NautiecLl,)      On    shipboard,    the 
name  applied  to  loose  wood  at  the  bottom  of  a  hold 
to  raise  uie  cai^  above  the  bilge-water,  and  also  to 
chock  it  and  keep  it  from  roll- 
ing when  stowed.  Fig.  1802. 

Du'o-deo'i-mo.  (Printing.) 
A  sheet  folded  so  as  to  have  12 
leaves,— 24  pages.     Generally^ 
written  **  12mo. 

Du'plez-es-oape'ment.  \ 
The    c^tip^-escapement    is  so 
called  from  the  double  character 
of  its  scape-wheel,  which  has    DmpUx-B$eQpemtia. 
spur   and    crown    teeth.       It 
was  invented  by  that  wonderful  mechanician.  Dr. 
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Hooke,   about  1658.     The  duplex-escapement  was 
improved  by  Dyrer  and  Breguet. 

The  balance-arbor  carries  a  pallet  which  at  each 
oscillation  receives  an  impulse  from  the  crovm- 
teelh.  In  the  arbor  is  a  notch  into  which  the  spur- 
teeth  fall  in  succession  as  the  crown-tuth  consecu- 
tively pass  the  impulse-pallet, 
Dd'plex-lathe.  A  lathe  invented  by  Fairbaim  for 

turning-off, 
screwing,  and 
surfacing. 
The      peculi- 


Fig.iaoa 


^^3*^^-^ 


arity  in  this 
lathe  consists 
in  the  em- 
ployment of  a 
cutting-tool  at 
the  back  of 
the  lathe  in 
addition  and 
opposite  to  the 
tool  in  front, 
but  in  in- 
verted posi- 
tions to  each 
other.  The 
transverse 
Fairbaim^s  Duplex-Laihe.  forces    are 

thus  balanced,  and  time  is  saved. 

a,  tool  in  front. 

by  inverted  tool  at  back. 

c,  bed  and  standard. 

d&nddy  two  compound  slide-rests. 

e,  a  right  and  left  screw  for  moving  the  two  slide- 
rests  simultaneously  to  and  from  the  center  of  the  lathe. 

In  another  form  the  stationary  ring  is  supported 
on  pedestals,  and  fits  closely  to  the  outer  surface  of  a 
ring  within  it,  each  being  formed  in  two  parts  held 

Fig.  1804. 


Bogardus^s  DupUx-LcUhe. 


together  by  bolts  passing  through  projecting  flanges. 
The  inner  ring  has  flanges  projecting  inward  from 
its  rim,  upon  which  the  cutters  are  arranged,  and  a 
continuous  row  of  short  cogs  on  the  outer  surface  of 
the  ring-gear,  with  a  worm-wheel  working  in  a  mor- 
tise made  through  the  outer  ring. 

Du^plez  Pnmp'iiig-en'glna  An  arrangement 
in  which  two  steam-engines  of  equal  dimensions  are 
placed  side  by  side,  one  operating  the  steam-valves 
of  the  other. 

The  *  *  Worthington  "  compound  engine  illustrated  is 
composed  of  two  steam-engines  each  working  a  pump. 
Each  engine  has  two  steam -pistons,  which  operate  in 
the  smafler  high-pressure  and  the  larg^  low-pressure 
cylinder  respectively,  on  the  same  rc3,  which  is  pro- 


longed into  the  pump-cylinder  to  form  the  pump- 
rod. 

Each  engine  drives  its  plunger  at  a  speed  uniform 
throughout  its  stroke,  during  which  it  opens,  by  a 
rock-snaft  and  appropriate  connections,  the  steam- 
valve  of  its  neighbor,  and  pauses  at  the  end  of  its 
own  stroke  till  its  own  steam-valve,  being  opened 
by  the  motion  of  the  other's  piston-rod,  causes  it  to 
retuin.  Other  than  this,  there  is  no  mechanical 
connection  between  the  engines,  but  either  piston 
can  remain  at  rest  while  the  other  is  in  motion. 

The  combined  and  reciprocal  action  of  the  two 
double-acting  plungers  thus  driven  at  unvarying 
piston  speed  by  the  combined  pressures  in  the  high 
and  low  pressure  steam -cylinders  (whose  sum  is  a 
practically  uniform  Quantity)  forces  the  water  in 
a  steady  stream,  and  the  water-valves  are  seated 
by  their  own  gravity  through  the  equalization  of 
pressures  in  the  water-cylinder,  during  the  pause  of 
each  engine  at  the  end  of  its  stroke,  allowing  the 
incoming  currents  to  subside. 

The  engine  works  expansively,  and  also  condenses 
the  steam  ;  but  no  cut-off"  is  used,  the  steam  being 
used  at  high  pressure  in  the  smaller  cylinder  ana 
exhausting  into  the  large  low-pressure  cylinder 
which  is  immediately  behind  and  in  line  with  it, 
and  where  it  is  used  expansively.  The  motions  are 
all  reciprocating  ;  no  materials  are  employed  for 
counteroalances,  to  pass  dead-centers,  or  as  conser- 
vators of  power  (fly-wheels)  to  ofl*set  by  actpired 
momentum  the  diminishing  pressure  of  steam  in  the 
'cylinder  when  steam  is  cut  ofl"  at  a  part  of  the 
stroke.  The  mean  pressure  resulting  from  the  action 
of  the  two  cylinders  being  almost  constant  when  the 
parts  are  properly  proportioned,  the  result  is  a  uni- 
lorm  piston  speed. 

The  single-acting  air-pumps  are  driven  by  rock- 
shafts  off"  the  mam  piston-rod,  and  are  in  a  con- 
venient and  accessible  position  below  the  open 
cradle-rods,  which  connect  the  steam  and  pump- 
cylinders.  The  valves  are  rubber  disks,  backed 
with  iron,  working  vertically  on  fixed  spindles. 
They  are  reached  through  the  hand-holes,  and  are 
purposely  made  numerous  in  order  to  subdivide  any 
trouble  from  the  possible  failure  of  any  one  of  them. 
The  duty  trial  of  the  Newark  engine,  reduced  to  the 
actual  delivery  of  water  in  the  reservoir,  was  by  an 
averace  of  the  modes  of  calculation  about  76,500,000 
pounds  lifted  one  foot  high  by  100  pounds  of  coal. 
See  Duty. 


Dn'plez-panch. 

1.  One  having  a  coun- 
ter -  die  mounted  on  an 
opposite  jaw,  as  the 
ticKet-punch. 

2.  One  having  a 
force  derived  from  the 
rolling  action  of  two 
levers  on  a  common  ful- 
crum, forming  a  toggle. 
Du'plez-tel^e- 
graph.  A  telegraph 
so  arranged  that  mes- 
sages can  be  simulta- 
neously transmitted  in 
opposite  directions  on 
the  same  line-wire. 


Fig.  1806. 


DupUx-Pimck. 


The  first  telegraph  of  this  kind  was  devised  by 
Dr.  Gentl  of  Austria,  in  1853,  and  modified  by 
Frieschen  and  Siemens- Holske  in  1854 ;  but  it  is  only 
within  the  past  few  years  that  any  duplex  systems 
have  been  put  into  successful  operation,  and,  up  to 
this  time,  only  on  American  lines. 

The  system  invented  by  Joseph  B.  Steams,  of 


Digitized  by 


Google 


DUPLEX-TELEGRAPH. 


764 


DUSTER. 


Boston,  based  upon  OentVs  plan,  is  represented  in 
Fig.  1806,  in  wnicli  the  relay  or  receiving  instru- 
ment is  composed  of  two  pairs  of  electro-magnets 
m  m  acting  in  opposite  directions  upon  a  common 
armature  lever  A.  The  key  is  the  armature  of  an 
electro-magnet,  which  is  in  a  local  circuit  controlled 
by  a  Morse  key  K.  L  B  is  the  local  battery.  The 
main  battery  (if  B)  current  is  equally  divided  be- 
tween the  relay-magnets  m  m,  one  half  passing 
through  one  set  of  magnets  to  the  line  l,  and  the 
other  naif  passing  through  the  other  magnets,  and 
a  rheostat  B  —  equal  to  the  resistance  of  the  main 
line  —  to  earth  E.  The  relay-magnets  are  thus 
equally  excited  and  their  influence  upon  the  arma- 
ture neutralized,  so  that  the  outgoing  current  ^ves 
no  signal  at  the  sending  station.  A  current  received, 
however,  traverses  only  one  set  of  the  electro-mag- 
nets, destroying  the  equilibrium,  and  causing  a  signal. 
The  key  is  sA  constructed  that  it  closes  one  circuit 
to  the  earth  before  breaking  another,  thus  always 
preserving  the  continuity  of  the  circuit,  a  condition 
essential  m  systems  of  this  kind.  A  condenser  C  is 
placed  in  a  shunt  circuit  to  the  magnets  in  the  short 
or  home  circuit,  in  order  to  neutralize  the  effect 
of  the  extra  current  on  the  line-magnets  of  the  relay. 
Another  system  of  Mr.  Steams  is  shown  in  the 


Fig.  1806. 
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lower  part  of  the  same  figure.  It  is  based  on  the 
arrangement  of  circuits  known  as  the  **  Whe^tatone 
bridge,"  the  relay  or  receiving  instniment  being 
placed  on  the  bricfge.    The  current  of  the  main  bat- 


tery is  divided  by  the  rheostats  r  r  and  B  Bf  to  points 
xz.  If  the  resistances  of  circuits  C  to  2  and  C  to  x 
are  proportionately  to  each  other  as  resistances  of 
circuits  x  y  or  line,  and  z  to  earth,  there  will  be 
no  current  in  transmitting  across  the  bridge  x  s,  in 
which  the  relay  or  receiving. instrument  is  placed. 
The  larger  portion  of  the  incoming  current,  however, 
passes  through  and  actuates  the  relay,  as  it  offers 
tlie  path  of  least  resistance. 

Moses  G.  Farmer,  of  Boston,  invented  a  duplex 
system  in  1858,  in  which  he  used  a  key  which  pre- 
served the  continuity  of  the  circuit,  and  also  re- 
versed the  battery  at  the  sending  station,  this  re- 
vei-sal  making  the  signals  at  the  distant  station,  the 
relay  being  prevented  from  re.sponding  by  the  cur- 
rent of  a  local  equalizing  battery  closed  simulta- 
neously by  this  key. 

Da'plex-t3rpe.  {Photography.)  A  name  given 
to  a  mode  of  taking  two  photographs  of  the  same 
person  in  different  positions  by  two  operations,  so 
that  he  shall  appear  in  two  characters  —  say,  for  in- 
stance, playing  the  piano,  and  —  accompanying 
himself — on  the  violin.  It  is  done  by  two  ex- 
posures, with  some  skillful  mode  of  hiding  the  di- 
vision line.  Shive's  duplicating  reflector  is  con- 
structed for  this  purpose. 

Dn'rance.  A  stout  woolen  stuff  formerly  made 
in  imitation  of  buff  leather,  and  used  for  garments. 
DurarU.     Called  also  Tammy. 

Dn-rom'e-ter.  An  instniment  invented  by 
Behrens,  designed  for  testing  the  relative  hanlness 
of  steel  rails.  This  "  durometer,"  as  it  is  styled,  is 
virtually  a  .small  drilling-machine,  working  by  hand 
or  machine  power,  which  registers  the  number  of 
revolutions  of  the  drill  spindle  and  also  the  amount 
of  feed,  the  latter  being  giveft  by  the  application  of  a 
known  weight  to  the  back  of  the  drill-spindle.  The 
friction  of  the  machine  and  the  state  of  the  cutting 
edges  are  supposed  to  be  constant  quantities,  and 
as  such  are  thrown  out  of  the  calculation.  Tlie 
hanlness  of  a  metal  is  considered  to  be  inversely 
proportionate  to  the  depth  of  feed  obtained  with  a 
given  number  of  revolutions. 

Du-roy'.  {Fabric.)  A  common  quality  of  woolen 
sei^e. 

Dusfer.  1.  {Paper.)  A  machine  for  removing 
the  dust  from  rags  or  other  paper-making  material 


BnM-Jhuter. 


before  sorting,  cutting,  and  pulping.     It  consists  of 
a  revolving,  wire-cloth  cylinder  inclosed  in  a  box 
which  receives  the  dust. 
2.  {Milling.)    A  machine  for  rubbing,  brushing. 
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and  blowing  bran  to  remove  particles  of  flour  ad- 
hering thereto.  The  bran  is  fed  in  at  a  spout  at  the 
smaller  end,  and  is  driven  and  blown  through  the 
meshes  of  the  conical  screen. 

Dust'ing-bnuih.  One  which  has  the  thick  end 
of  the  handle  driven  into  the  middle  of  the  tuft  of 
bristles.     Or  a  feather  brush. 

Dust-pan.  A  domestic  utensil  for  catching  crumbs, 
lint,  or  dust,  as  they  may  be  brushed  from  a  table-doth 

fig.  1808. 


Dust'Pcm, 


or  carpet.  The  example  shown  has  a  lid,  handle, 
and  an  inclined  plane  with  offset  at  the  front  edge. 

Dust-fdiot.    The  smallest  size  of  shot. 

Dutch-case.  (Mining.)  A  shaft- frame  composed 
of  four  pieces  of  plank,  used  in  shafts  and  galleries. 
A  mining-case. 

Dutch  dinkier.  A  yellow,  hard  brick  made  in 
Holland. 

Dutch  FoiL  A  copper  alloy,  rolled  or  hammered. 
See  Dutch  Gold,  called  also  Dutch  Leaf  ;  Dutch 
Metal  ;  Dutch  Mineral. 

Dutch  Qold.  The  alloy  used  at  the  works  of 
Hegermiihl,  near  Potsdam,  is  composed  of  :  — 

Copper,  11  ;  zinc,  2. 

This  is  rolled  into  sheets,  and  is  made  into  the 
Dutch  leaf  used  in  bronzing. 

Dutch'lng.  The  process  of  .removing  the  mem- 
braneous skin  from  the  barrels  of  quills,  and  drying 
up  the  vascular  membrane  in  the  interior. 

They  are  heated  by  plunging  in  hot  sand,  and 
then  scraped  to  remove  the  skin.  The  heat  shrivels 
the  interior  membrane  and  dissipates  the  oily  mat- 
ter of  the  quill,  rendering  it  transparent. 

Dutch'man.  {Carpentry,)  A  playful  name  for 
a  block  or  wedge  of  wood  driven  into  a  gap  to  hide 
the  fault  in  a  badly  made  joint. 

Dutch-ov'en.  {Cooking.)  a.  A  spider,  skilkt, 
or  camp-open  used  by  those  who  cook  by  hot  coals 
on  the  hearth.     A  mode  yet  common  in  the  West, 


Fig.  1809. 


Dutch' Ovefu. 


and  unsurpassed  in  its  results  with  skillful  house- 
wives. The  pot  stands  in  hot  embei-s,  and  more  of 
the  same  are  piled  on  the  dish -shaped  lid. 

b.  A  cooking-chamber  suspended  in  front  of  a  fire 
so  as  to  cook  by  radiation.  Also  eminently  satis- 
factory in  its  results,  in  just  such  degree  as  toast- 
ing exceeds  baking  ;  grilling  or  broiling  than  frying. 
It  says,  "  Aha  !    I  have  seen  the  fire." 

Dutch-scoop.  A  box  shovel  suspended  by  cords 
from  a  tripod  and  used  for  irrigation. 

Dutch-tile.  A  variegated  or  painted  glazed  tile 
made  in  Holland  and  formerly  used  for  lining  their 
capacious  fireplaces. 


Duf  tees.    Coai-se,  unbleached  calicoes  of  India. 

Du'ty.  The  useful  etfect  of  an  engine  in  work 
performed. 

This  term  was  first  explained  in  a  definite  and 
precise  manner  by  Davies  Gilbert,  President  of  the 
Koyal  Society,  in  a  paper  read  before  that  body  in 
1827.  "  The  criterion  of  the  efficiency  of  ordinaiy 
machines  is  force,  multiplied  by  the  space  through 
which  it  acts ;  the  effect  which  tney  produce, 
measured  in  the  same  way,  has  been  denominated 
duty,  a  term  first  introduced  by  Mr.  Watt  in  ascer- 
taining the  comparative  merit  of  steam-engines, 
when  he  assumed  one  pound  raised  one  foot  nigh, 

for  what  has  been  called  in  other  countries  the 

dynamic  unit ;  and  by  this  criterion  one  bushel 
of  coal  has  been  found  to  perfonn  a  duty  of  thirty, 
forty,  and  even  fifty  millions."  This  has  been  more 
than  doubled  since  the  writing  of  the  paper  of  Mr. 
Gilbert. 

The  iuty  is  not  an  expression  of  the  work  done, 
as  this  would  include  the  power  to  overcome  fric- 
tion and  other  resistances,  out  is  the  actual  useful 
effect,  expressed  in  pounds  weight,  of  water  actually 
raised. 

The  duty  of  the  Newark  water-work  duplex- 
pumping  engine,  as  obtained  by  multiplying  to- 
gether the  area  of  the  plunger  in  square  inches 
(373.85),  and  the  pressure  in  pounds  per  square 
inch  (75.68),  to  obtain  the  load  in  pounds,  and  this 
by  the  travel  of  the  piston  in  feet  per  hour  (1 0, 908. 4), 
and  dividing  this  product  by  the  number  of  hundreds 
of  pounds  of  coal  consumed  per  hour  (4),  was 
77,157,840  foot-pounds.  As  obtained  by  multiply- 
ing the  displacement  per  stroke  in  cubic  feet 
(10.4042),  into  the  number  of  strokes  per  hour 
(2722),  the  weight  in  pounds  of  a  cubic  foot  of 
water  J62.5),  and  the  height  in  feet  to  which  the 
water  was  raised  for  delivery  (174.82) ;  and  dividing 
this  product  by  the  number  of  hundreds  of  pounds 
of  coal  consumed  per  hour  (4),  the  duty  was 
77,358,478.  As  reduced  to  the  actual  delivery  of 
water  in  the  reservoir,  it  was  76,386,262  and 
76,584,894  by  the  two  methods  respectively. 

The  following  is  the  duty  officially  given  for  the 
engines  cited  :  — 

Brooklyn,  No.  1,  double-acting  beam  .  60,140,700 
Belleville  (Jei-seyaty),  Cornish  .  62,823,800 
Hai-tford  (3  experiments),  crank 

58,779,300  to  64,669,400 
Brooklyn,  No.  3,  double-acting  beam  .     72,000,000 
Cambridge  (2  experiments),  Worthing- 
ton  double-cylinder,  not  duplex 

66,941.100  to  67,574,600 
Spring  Garden  (Philadelphia),  Cornish     58,905,300 

The  duty  or  useful  effect  of  the  Cornish  pumping- 
engine  has  been  more  closety  observed  and  recorded 
than  that  of  any  other  engine.  The  duty  is  re- 
ported monthly,  and  is  reduced  to  tabulated  form, 
from  which  the  yearly  report  is  made  out. 

The  duty  of  these  engines  has  been  gradually 
improved.  It  is  estimated  by  the  number  of  pounds 
raised  one  foot  high  by  a  bushel  of  Welsh  coals,  94 
pounds. 

PoondB,  1  foot  high. 

In  1769,  the  Newcomen  engine   .         .       5,500,000 

In  1772,  the  Newcomen  engine,  im- 
proved by  Smeaton      .         .         .       9,500,000 

In  1778  to  1815,  the  Watt  engine    .         20,000,000 

In  1820,  the  improved  Cornish  engine, 

average  duty       ....     28,000,000 

In  1826,  the  improved  Cornish  engine, 

average  duty      ....     30,000,000 


Digitized  by 


Google 


.D-VALVE. 


766 


DYE-VAT. 


Pounds,  1  toot  high. 
In  1827,  the  improved  Cornish  engine, 

average  duty  ....  82,000,000 
In  1828,  the  improved  CJomish  engine, 

average  duty  ....  37,000,000 
In  1829,  the  improved  Comish  engine, 

average  duty  ....  41,000,000 
In  1830,  the  improved  Cornish  engine, 

average  duty  ....  43,350,000 
In  1839,  the  improved  Cornish  engine, 

average  duty  .  .  .  .  64,000,000 
In  1850,  the  improved  Comish  engine, 

average  duty  ....  60,000,000 
Consolidated  mines,  highest  duty  1827  67,000,000 
Fowey    Consols    (Cornwall),     highest 

duty  1834    .         .'       .         .         .     97,000,000 
United  mines,  highest  duty  1842    .        108,000,000 

D-valve.  A  species  of  slide-valve,  employed 
chiefly  in  the  steam-engine,  and  adapted  to  bring 
each  steam-port  alternately  in  communication  with 
the  steam  and  exhaust  respectively. 

DiKrang.  1.  A  large  iron  bar- wrench  used  to 
tighten  nuts  on  bolts. 

2.  A  crow-bar  used  by  masons. 

lyw^uf-raffer.  {OarpejUry.)  Little  jack.  A 
short  rafter  in  the  hip  of  a  roof. 

Dwarf-'walL  A  low  wall  servins;  to  surround 
an  inclosure  ;  such  a  wall  as  that  on  which  iron-rail- 
ingis  commonly  set. 

Dye'ing.  Dyeing  is  a  subject  not  involving 
much  machinery,  and  is  therefore  hardly  within  our 
limits. 

Dyes  are  organic  and  inorganic. 

The  former  are  vegetable,  except  cochineal,  sepia, 
and  the  purple  of  the  murex. 

Most  of  the  vegetable  colors  do  not  exist  naturally 
in  plants,  but  are  obtained  by  subjecting  vegetable 
substances  to  special  chemical  treatment ;  as  in  the 
case  of  garatieine,  obtained  from  madder. 

The  art  of  dyeing  consists  in  impregnating  fiber, 
in  the  state  of  cloth  or  otherwise,  with  coloring  sub- 
stances. 

Fibrous  materials  differ  in  their  relative  disposi- 
tion to  take  color.  Their  disposition  to  absorb  and 
retain  color  is  in  the  following  order,  beginning  with 
the  one  which  has  the  greatest  attraction  for  color  :  — 


Wool. 

Flax. 

SUk. 

Hemp. 

Cotton. 

Woolen  goods  dyed  before  weaving  are  called  wodt- 
dyed  ;  if  after  weaving,  piece-dyed. 

Dye-colors  are  substantive  or  adjective. 

The  former  act  directly,  imparting  their  tints  by 
simple  inunersion  in  their  infusions  or  decoctions ; 
the  latter  intermediately,  and  are  the  more  numer- 
ous, TeavLinng  fixing  OT  striktTig. 

The  intermediate  substances  are  called  mordarUs. 

The  mordant  is  first  applied,  and  causes  the  dye 
which  follows  to  adhere  to  the  fiber,  often  singular- 
ly affecting  its  tint.  Thus  :  cotton  dipped  in  a  so- 
lution of  copperas  {mordant}  and  then  m  a  solution 
of  logwood  {dye)  becomes  black.  If  a  solution 
of  tin  (mordant)  be  substituted  for  the  salt  of  iron, 
the  tint  imparted  by  the  logwood  will  be  violet. 
Mordants  were  used  in  China  and  India  from  very 
distant  periods,  and  are  described  by  Pliny.  See 
Calico-printing. 

Moses  (1490  B.  c.)  speaks  of  stuff  dyed  **  blue, 
purple,  and  scarlet "  ;  **  rams* -skins  dyed  red." 

Joseph  (1729  B.  c.)  had  a  coat  of  many  colors  ; 
probably  a  product  of  Damascus. 

Dyeing  is  attributed  to  the  Phoenicians.     Solomon 


(1000  B.  c.)  sent  to  Hiram  of  Tyre  for  a  man  "  cun- 
ning to  work  in  .  .  .  purple  and  crimson  and  bine." 
Blzekiel  speaks,  in  his  burden  of  Tyre,  of  the  **  blue 
and  purple  from  the  isles  of  Elisha,"  which  may 
mean  the  Peloponnesus  and  adjacent  islands. 

The  most  celebrated  dye  of  antl(^uity  was  the 
Tyrian  purple,  derived  from  a  species  of  rourex. 
Pliny  cites  two,  the  buccinum  and  purpura.  A  sin- 
gle drop  of  fluid  was  obtained  from  a  sac  in  the  throat 
of  each  animal.  A  quantity  was  heated  with  sea- 
salt,  ripened  by  exposure  for  three  days,  diluted 
with  five  times  its  bulk  of  water,  kept  warm  for  six 
days,  being  occasionally  skimmed ;  then  clarified 
and  appliea  as  a  dye  to  white  wool  previously  pre- 
pared by  the  action  of  lime-water  or  fucus.  The 
wool  was  first  plunged  into  the  purpura  and  then 
into  the  btuxinum.  Sometimes  a  preliminary  tint 
was  given  with  coccus  (kermes).  The  dye  and  dyed 
goods  are  celebrated  in  the  Hebrew  and  other  ancient 
scriptures. 

This  color  seems,  from  its  extreme  beauty,  per- 
manence, and  costliness,  to  have  become  regal,  and 
the  royal  taste  is  for  the  same  down  to  our  day.  The 
color  of  the  velvet  in  the  crown  of  the  Queen  of  Eng- 
land is  a  shade  of  purple  ;  the  velvet  coronation 
robes  of  George  IV.  were  of  that  color.  Pliny  (a.  d. 
70)  says  that  the  robes  of  triumph  in  the  time  of 
Homer  (900  B.  c.)  were  colored,  rurple  habits  were 
given  to  Gideon  by  the  Israelites  from  the  spoils  of 
the  kings  of  Midian.  Achan  secreted  a  Babylonish 
garment,  and  suffered  for  it.  Plutarch  says  that 
when  Alexander  took  Susa,  the  Greeks  took  from 
the  royal  treasury  purple  stuffs  to  the  value  of  5,000 
talents  (1  talent  $860  x  5,000  =  $4,300,000),  which 
still  retained  their  beauty,  though  they  had  lain 
there  190  years. 

Prussian  blue  was  discovered  by  Diesbach,  at  Ber- 
lin, 1710  ;  aniline,  in  1826,  by  Unverdorben.  In 
1856,  Perkin,  experimenting  with  aniline,  treated 
it  with  bichromate  of  potassa,  and  obtained  mauve. 
Arsenic  tried  as  a  substitute  for  bichromate  of  po- 
tassa produced  magenta;  blue,  green,  violet,  and 
other  colors  were  subsequently  produced. 

(Hai-mxiking.)  Hats  (black)  are  dyed  in  a  solu- 
tion of  sulphate  of  iron,  verdigris,  and  log^vood,  at 
a  temperature  of  180**  F.  They  are  alternately 
dipped  and  aired,  the  process  being  repeated  perhaps 
a  dozen  times.  The  hats  are  all  on  tmn  blocks,  and 
a  suit  of  five  dozen  fills  a  crate,  which  is  swung  from 
a  crane,  and  thus  raised  and  lowered  as  required. 

Djre-ket'tle.  {Hat-making,)  The  vat  of  dyeing 
liquid  in  which  hats  are  dipped  to  color  them.  It 
contains  a  solution  of  sulphate  of  iron,  verdigris, 
and  logwood,  is  maintained  at  180**  F.,  and  the 
crate  of  hats  on  their  blocks  is  repeatedly  dipped 
and  aired  to  confer  the  requisite  depth  and  gloss  of 
color. 

Dy'en'-bath.  The  «g.l8ia 

dyeing  material  in  the 
vat  in  which  the  fabric 
is  immersed. 

Dy'em*  Spir'it 
Nitro-muriate  of  tin. 
Employed  as  a  mor- 
dant. 

Dye-vat.  Abeckor 
tub  in  which  goods  in 
piece  or  otherwise  are 
saturated  with  a  dye 
or  a  mordant  in  solu- 
tion. In  Fig.  1810, 
the  piece  of  cloth,  its 
ends  being  sewed  to- 
gether and  rounded  in 


Dye-TuL 
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fonn,  is  coiled  around  the  rollers  in  a  devious  course, 
80  that  the  whole  piece  has  continuous  movement, 
in  which  it  is  alternately  carried  beneath  and  raised 
from  the  liquid  dye.  When  the  cloth  has  been  suf- 
ficiently dipped  the  ends  are  unsewn,  and  the  for- 
ward end  is  passed  between  the  wringing  rollers  in 

a  flat  foim. 
llg.1811.  In    another 

form,  the  goods 
are  contained  in  a 
basket,  which  is 
dipped  into  the 
vat  and  raised  by 
crank  and  rope. 
D  76-1770  od 

Cnt'ter.  A  ma- 
chine for  shaving 
wood  into  small 
chips ;  usually 
has  a  revolver- 
cutter,  and  re- 
sembles a  rotary 
planer,  except 
that  it  reduces 
the   whole    body 


Dipping- VaU 


of  the  log  to  chip.  The  rotating  drum  has  adju.st- 
able  serrated  cutters.  The  wood  is  fed  on  an  in- 
clined slide,  and  propelled  by  a  toothed  foUower, 

Ftg.  1812. 


Dye- Wood  Outer. 

actuated  by  a  spur-wheel  and  rack.  See  also  Babk- 
FLANiNO  Machine  ;  Rossino-machine. 

Dyke.  1.  (Mining. )  A  bank  of  basalt  or  whin 
by  which  the  strata  or  lodes  are  frequently  divided. 

2.  A  sea-wall.    See  Dike. 

Dy-nao'ti-iioni'e-ter.  An  instrument  described 
by  M.  Claudet  ("  Philosophical  Magazine,"  June, 
1851),  for  measuring  the  intensity  of  the  photogenic 
rays  of  light,  and  computing  the  power  of  object- 
ghwses.     See  AoTiNOMETEB. 

Dy-nam'e-ter.  An  instrument  for  measuring 
the  magnifying  power  of  a  telescope. 

The  magnifying  power  is  the  ratio  of  the  solar 
focal  distance  of  the  object-glass  to  the  focal  dis- 
tance of  the  eye-piece  considered  as  a  single  lens ; 
and  this  ratio  being  the  same  as  the  ratio  of  the 
diameter  of  the  aperture  of  the  telescope  to  the 
diameter  of  its  image  or  disk  formed  at  the  solar 
focus,  and  seen  through  the  eye-piece,  the  object  of 
the  instrument  is  to  measure  the  exact  diameter  of 
this  image,  which  can  be  either  projected  on  mother- 
of-pearl  or  measured  by  optical  means. 

Kamsden  proposed  for  this  purpose  the  double- 
image  micrometer,  an  instrument  formed  by  divid- 
ing the  eye-lens  of  a  positive  eye-niece  into  two 
equal  parts,  and  mounting  them  so  that  the  divided 
eages  are  made,  by  means  of  a  fine  screw  apparatus, 
to  slide  along  each  other.  Each  semi-lens  thus 
gives  a  separate  image ;  and  the  distance  of  the 
two  centers,  measured  by  the  revolutions  of  the 
screw,  when  the  borders  of  the  two  images  are 
brought  exactly  into  contact,  gives  the  distance  of 


the  centers  of  the  images,  or  the  diameter  of  one  of 
them. 

Dyn'a-mlte.  An  explosive  compound  invented 
bv  Nobel.  *Mt  is  a  mixture  of  76  per  cent  of  nitro- 
glycerine with  25  per  cent  of  infusorial  silica.  The 
siUca  renders  the  powder  less  liable  to  explode  from 
concussion.  This  is  the  dynamite  proper,  but  dyna- 
miti  is  also  used  as  a  generic  name  for  other  mix- 
tures of  nitro-^lycerine, — as  colonia  powder,  which  is 
gunpowder  with  a  mixture  of  40  per  cent  of  nitro- 
glycerine ;  dualine,  which  contains  30  to  40  per 
cent  of  nitro-glycerine  mixed  witb  sawdust  saturated 
with  nitrate  of  potassia ;  lithofracteur,  which  con- 
tains 85  per  cent  of  nitro-glycerine  mixed  with 
silica,  and  a  gunpowder  made  with  nitrate  of  baryta 
and  coal."  — Journal  of  Applied  Chemistry, 
Dyu'a-mom'e-ter.  A  power  measurer. 
Graham's  dynamometer,  improved  by  Dr.  Desa- 
guliers,  is  an  application  of  the  ordinary  steelyard, 
m  which  the  power  to  be  measured  is  exerted  upon 
the  short  arm  and  ascertained  by  a  weight  on  the 
longer,  graduated  arm. 

^roy  s  dynamometer  is  a  spiral  spring  in  a  tube. 
Power  is  applied  to  condense  the  spring,  and  the 
pressure  indicated  by  a  graduated  bar.      This  is 
equivalent  to  the  ordmary  spring-balance,  and  is  a 
very  ready  form  of  dynamometer  for  moderate  forces. 
Regnier's  dynamometer  (1,   Fig.  1818)  consists 
of  an  elliptic  spring  whose  col- 
lapse in  the  direction  of  its  minor 
axis  is    made  to  move  an  in- 
dex-finger on  graduated  arcs. 

The  power  may  be  applied  in 
two  ways  :  when  it  is  applied 
to  draw  the  ends  s  a  apart,  the 
index-finger  registers  myria- 
grammes  on  the  outer  scale  ; 
but  when  the  two  leaves  of  the 
spring  are  grasped  by  the  hands 
and  thus  pressed  by  a  power 
applied  at  right  angles  to  the 
former,  and  in  the  most  effective 
direction,  a  shorter  pin  on  the  same  pointer  registers 
kilogrammes  on  the  inner  arc  of  graduations. 

The  graduated  plate  with  its  pointers  belongs  to 
one  leaf  of  the  spnng,  —  the  upper  leaf  in  the  illus- 
tration, —  while  the  other  leaf  connects  by  a  small 
copper  lever  with  an  arm  which  pushes  the  index- 
finger  as  the  elliptical  spring  is  collapsed  by  force 
applied  to  it.  The  index-finger  moves  freely  and 
retains  the  attained  position,  being  unaffected  by 
the  relaxation  of  the  force. 

For  moderate  forces  the  power  is  applied  to  con- 
den.se  the  spring  by  directly  pressing  the  leaves  to- 
gether in  the  line  of  the  minor  axis.  For  superior 
forces  the  spring  is  collapsed  by  direct  draft  outward, 
upon  the  loops  8  bbX  the  ends  of  the  spring. 

Braby's  dynamometer  (2,  Fig.  1813)  has  an  ellip- 
tic spring  like  Regnier's,  but  a  somewhat  different 
recording  connection.  Like  Regnier's  heavier  draft, 
it  is  attached  by  the  ends  c  d^  between  the  power 
and  the  load,  and  the  applicAtion  of  force  collapses 
the  leaves  of  the  spring,  oscillating  the  index-finger 
on  its  axis,  and  recording  upon  the  graduated  arc  the 
amount  of  power  exerted- 

The  Sector  dynamometer  (8,  Fig.  1818)  is  made 
of  a  bar  of  steel,  bent  in  the  middle,  and  having  a 
certain  flexibility.  To  each  limb  is  attached  an  arc 
which  passes  through  a  slot  in  the  other  limb. 
Loops  at  the  ends  of  the  arcs  permit  the  device  to 
be  placed  between  the  power  and  the  load,  so  that 
the  limbs  are  approacned  when  power  is  applied. 
One  arc  is  graduated  so  as  to  indicate  the  power  ex- 
erted in  bringing  the  limbs  nearer  together.     The 
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graduations  made  on  the  arc  are  in  accordance  with  the 
result  of  the  suspension  of  weights  experimentally. 

The  above  forms  are  specifically  adapted  for  pull- 
ing forces,  such  as  testing  strengths  of  cords,  power 
of  animals,  force  required  to  draw  plows,  carnages, 
etc.  When  the  problem  is  to  ascertain  the  fotce 
transmitted  through  a  revolving  shaft,  the  case  is 
somewhat  more  complicated.     **  A  mechanical  con- 

Fig.  1818. 


Dynamomiters. 

trivance  for  measuring  the  force  exerted  by  a  prime 
mover,  or  the  amount  of  force  consumed  in  driving 
a  machine  or  all  the  machines  of  an  industrial  es- 
tablishment. It  involves  generally  the  expedient  of 
interposing  between  the  motor  and  the  machine,  as 
a  medium  through  which  the  power  is  to  be  trans- 
mitted, some  combination  of  springs,  or  some  mech- 
anism of  which  springs  are  the  essential  parts,  pro- 
vided with  a  scale  on  which  are  marked  the  degrees 
of  static  force  corresponding  to  different  states  of 
tension,  and  sometimes  also  with  automatic  machin- 
ery for  making  periodical  record  of  the  marking  of 
the  index  on  the  scale."  —  Barnard. 

Prony's  friction-brake  is  a  test  which  involves  the 
loss  of  power,  as  it  consists  in  opposing  a  frictional 
impediment  to  the  motion.  The  measure  is  relative 
as  compared  with  other  machines  similarly  tested,  and 
is  determined  by  the  power  evinced  to  resist  given 
frictional  opposition  to  the  continuance  of  the 
motion. 

Thompson's  friction -brake  dynamometer  has  been 
contrived  for  estimating  the  amount  of  power  trans- 
mitted through  a  shaft  by  means  of  clamping-blocks. 


a  lever,  and  suspended  weights.  The  requirement 
of  a  perfect  dynamometer  is  that  it  shall  not  be 
itself  a  charge  upon  the  ijower ;  that  is,  that  by 
its  interiwsition  the  expenditure  of  driving  force  re- 
quired shall  not  be  sensibly  increased.  This  property 
belongs  to  all  that  class  in  which  the  power  of  .the 
motor  acts  directly  with  all  its  force  to  produce 
flexure  in  springs,  while  the  springs  by  their  effort 
of  recoil  transmit  it  undiminished  to  the  machine. 

Taurine's  dynamometer  forms  a  section  interposed 
between  two  lengths  of  a  shaft  in  line.  Two  arms 
are  attached  to  the  part  of  the  shaft  on  either  side  of 
this  joint,  in  a  radial  direction  ;  those  on  the  same 
side  being  diametrically  opposite  to  each  other, 
while  those  of  each  pair  are  ninety  degrees  from 
those  of  the  other.  Stout  springs  in  the  form  of 
circular  quadrants  connect  the  extremities  of  these 
arms  on  two  opposed  quarters  of  the  circle,  and  the 
force  of  the  motor  is  transmitted  through  these 
springs  by  a  pushing  effort.  The  eflect  is  to  bend 
the  arches  outward,  and  the  degree  of  this  bending 
is  indicated  by  a  spring  which  connects  their  middle 
points.  The  flexure  of  this  spring  is  diminished, 
and  in  straightening  it  moves  an  index  in  the  direc- 
tion of  the  axis  of  rotation. 

Bourdon's  dynamometer  depends  upon  the  trans- 
mission of  the  power  by  means  of  slightly  spiral 
gearing,  the  tendency  of  which  is  to  give  the  arbor 
of  the  gear  a  longitudinal  motion  in  its  bearings. 
This  motion  is  opposed  by  a  .spring,  and  the  degree 
of  compression  of  the  spring  is  the  measure  of  the 
power  transmitted. 

Horn's  dynamometer  acts  upon  the  principle  of 
the  toi-sion  of  the  connecting-shaft. 

The  dynamometer  (4,  Fig.  1813)  used  by  the 
iury  of  Class  V.  (ma4:hines  for  direct  use)  in  the 
International  Exhibition,  London,  1851,  was  the 
invention  of  Colonel  Morin  of  France. 

To  the  shaft  A  is  secured  a  pulley  C,  and  on  the 
same  shaft  is  a  loose  pulley  D  which  has  a  spring 
bar  E  extending  between  cheeks  on  pulley  C,  which 
is  the  only  connection  between  tnem.  When  a 
force  is  applied  to  D  and  a  resistance  to  (7,  the 
spring  E  is  flexed,  and  the  degree  of  flexure  is  the 
measure  of  resistance.  To  measure  the  degree  of 
bending  of  the  spring  a  frame  is  attached  to  the 
boss  of  the  spring  E  supporting  a  series  of  rollers 
g  h  %  ^,  fusee  j  and  pencil-holder  k.  On  the  edge 
of  the  pulley  D  is  another  ]»rncil-holder.  When 
the  dynamometer  is  to  be  used,  a  long  ribbon  of 
paper  is  wound  on  the  roller  A,  and  its  outer  end 
being  carried  over  the  roller  g  is  made  fast  to  i, 
which  is  driven  by  a  string  from  the  fusee  y,  which 
bears  on  its  axis  a  wheel  m  gearing  into  one  on  the 
shaft  A.  Until  resistance  is  ajiplied  to  the  wheel  C 
the  two  pencils  make  a  single  line,  but  when  the 
spring  is  flexed  the  lines  of  the  pencils  diverge,  one 
pencil  continuing  to  draw  a  straight  line  and  the 
other  tracing  a  line  at  a  distance  from  the  first, 
varj'ing  with  the  degree  of  flexure. 

Emerson's  lever-aynamometer  (5,  Fig.  1818)  is 
also  designed  for  measuring  power  in  transmission. 
The  pulley  A  is  loose  on  the  shaft,  and  receives  the 
power.  Its  connection  with  the  shaft  is  made  by 
means  of  a  wheel  keyed  to  the  shaft  and  connected 
to  the  pulley  by  cei*tain  levers  which  have  connec- 
tion BCD  with  a  |)endulous  weight  E  which 
registers  on  a  scale  F  the  amount  of  power  exeited 
upon  A  to  produce  the  motion  of  the  pulley  (7,  which 
is  fixed  to  the  shaft  and  delivers  the  power. 

For  medical  uses  a  dynamometer  is  made  com- 
pressible in  the  hand. 

Dyn'a-mo-met'ri-cal-brake.  A  form  of  Dtka- 
MOMETER  (which  sec). 
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Bar.  A  small  projection  on  an  object,  usually  for 
support  or  attachment ;  as  :  — 

1.  The  ear  of  a  bucket  or  cooking- pot  to  which 
the  bail  Is  attached.  The  ear  or  lug  of  a  sugar  or 
salt  boiling  kettle  by  which  it  Is  supported  on  the 
walls  of  the  furnace.  The  ear  of  a  shell  is  imbedded 
in  the  metal,  and  serves  for  inserting  the  hooks  by 
which  the  projectile  is  lifted. 

2.  (Mtmc.)  In  the  metallic  mouth-pipe  of  an 
organ  ;  one  of  the  pair  of  soft  metal  plates  at  each 
end  of  the  slit  or  mouth  of  the  pipe,  which  may  be 
bent  more  or  less  over  the  opening,  to  (jualify  the 
tone. 

8.  The  carwn  of  a  bell,  the  part  by  which  it  is 
suspended. 

4.  {PriTiUing,)  A  projection  on  the  edge  of  the 
frisket ;  or  one  on  the  edge  of  the  composing-nile. 

6.  The  loop  or  ring  on  the  ram  of  a  pile-driver  by 
which  it  is  lifted. 

6.  One  of  the  two  projecting  parts  on  the  portions 
of  an  eccentric  strap  by  which  they  are  bolted  to- 
gether. 

Bar,  Ar'ti-fi'oiaL  An  auricle  having  the  shape 
of  the  natural  ear,  and  worn  as  an  ear- trumpet,  to 
collect  the  waves  of  sound  and  conduct  them  by  a 
tube  to  the  vuiatiai  audUoriiia.  Usually  made  of 
gutta-percha  colored  to  resemble  nature,  and  at- 
tachecf  by  clasps  to  the  natural  ear.     See  AuKiciiE. 

Bar-bmah.  A  toilet  instrument  for  cleaning  the 
ear.     A  bulb  of  sponge  on  a  handle.     An  auriUive. 

Bar-oor'net.  A  small  auricle  w^hich  is  contaiued 
within  the  hollow  of  the  outerwear  and  has  a  short 
tube  to  keep  open  the  meataa  audUorius  in  cases  of 
contraction  or  the  i)i*esence  of  polypi.  An  ear- 
trumpet. 

B-leo^tro-mag-net'ic  Bat'ter-y.  One  in  which 
the  current  is  genemted  in  the  voltaic  battery,  as 
distinguished  from  the  electric,  the  iruigneto-eleetric, 
or  the  thermal  battery. 

Bar'ing.  (NatUical.)  The  rope  which  lashes  the 
upper  corner  of  a  sail  to  its  yard. 

The  reef-earings  are  used  to  lash  the  ends  of  the 
reef- band  to  the  yard. 

Bar  of  Di'o-nys'i-ua.  An  acoustic  instrument 
named  after  the  sound-conducting  orifice  in  the  roof 
of  the  dungeons  where  the  old  Sicilian  tyrant  kept 
his  prisoners. 

It  has  a  large  mouth-piece  to  collect  the  sound, 
which  a  flexible  tube  conducts  to  the  ear  of  the  [Kir- 
son.  It  is  especially  adapted  for  enabling  the  very 
deaf  to  hear  general  conversation,  lectures,  sermons, 
etc.     See  Acoustic  Inhtrumknts. 

Bar-pick.  (Surgical.)  A  small  scoop  to  extract 
hardened  cerumen  from  the  viealics  auditorius,  or 
foreign  matters  from  the  external  car. 

Bar-speo'u-luxiL  {Surgical.)  An  instrument 
for  distending  the  exterior  canal  of  the  ear,  in  re- 
moving indurated  wax,  or  other  explorations  and 
operations.     An  otoscope. 

Bar-syr'inge.  An  instniment  for  injecting  the 
ear  with  a  liquid  or  medicated  vapor.  An  onlinary 
syringe  may  answer  the  usual  purposes  of  cleanli- 
ness, softening  indurated  wax,  etc.,  but  the  instru- 
ment shown  has  a  farther  capacity,  a  is  an  india- 
rubber  air-bag,  b  a  flexible  tube,  c  a  bulb  of  hard- 
rubber,  made  in  two  pieces,  which  screw  together  and 
contain  a  sponge  to  hold  chloroform  or  other  liquid  ; 
d  is  the  perforated  bulb.  It  is  particularly  used 
in  treating  diseases  of  the  middle  ear.     The  sponge 


being  previously  moistened,  the  nozzle  lit'  i  ' » 
of  the  bulb  is  placed  in  one  nostril, 
the  other  is  closed  by  the  finger  of  the 
sui'geon,  the  mouth  is  also  closed,  and 
the  patient,  having  previously  taken  a 
mouthful  of  water,  is  told  to  swallow, 
and,  just  as  he  is  doing  this,  the  sur- 
geon compresses  the  air-bag,  and  sends 
the  iodized  air  into  the  faucial  oriflce 
of  the  eustachian  tube,  and,  if  the 
drum  be  perforated,  into  the  cavity  of 
the  tympanum. 

Barth.  (Telegraph.)  The  ground 
in  its  relation  to  the  circuit  as  the 
means  of  conducting  the  return  cur- 
rent. The  conductor  is  led  to  a  buried 
ground-plate  or  to  a  gas  or  water  main, 
which  forms  an  admirable  ground  con- 
ductor. 

Barth-bat'ter-y.  A  large  plate  of 
zinc  and  a  plate  of  copj  er,  or  a  quan- 
tity of  coke,  buri«Hi  at  a  certain  dis- 
tance asunder  in  damp  earth.  The  moistui-e  of  the 
earth  acts  as  the  exciting  fluid  on  this  voltaic  couple, 
and  a  feeble  but  constant  current  is  produced. 

Barth-board.    The  mold-l)oard  of  a  plow. 

Barth-bor'er.    A  form  of  auger  for  boring  holes 
in  the  ground,  where  the  strata 
are    sufficiently  soft  and  loose.  f»«  1^1'>- 

The  shaft  has  a  screw-point  and 
a  cutting  -  face.  The  twisted 
shank  revolves  inside  a  cylindri- 
cal case,  which  retains  the  earth 
till  the  tool  is  withdrawn.  The 
valve  opens  to  admit  the  earth, 
and  closes  as  the  tool  is  lifted. 
See  AroKH. 

Barth-oar.  A  car  for  trans- 
porting gravel  and  stone  in  rail- 
way operations.     See  Ditmpino- 

CAll. 

Bartfa-olos'et.  A  commode 
or  night-stool  in  which  a  body 
of  earth  receives  the  feces,  or  is 
dropped  upon  them  to  absorb  the 
effluvia  ;  the  resultant  is  to  be 
utilized  as  a  feriilizer. 

^  is  a  pan  provided  with  an 
absorbent ;  when  full,  the  lining 
and  the  contents  are  removed 
and  buried,  and  another  lining 
of  earth  placed  in  the  pan  by 
packing  around  the  mold  B. 

C  has  a  seat  ft, which  descends 
with  the  })erson  and  brings  a 
charge  of  earth  in  readiness  to 
fall  upon  the  feces.  As  the  i)er- 
sou  nses,  the  quantity  of  earth 
released  by  the  former  operation 
is  dropped  upon  the  feces  in  the 
pan  below,  b  is  the  earth  reser- 
voir, and  c  the  dumping-spout. 

Barth'en-pipe.  The  Romans 
used  earthen  pipes  where  economy 
was  an  object.  They  preferreii 
lead.  The  earthen  pipes  had  a 
thickness  of  at  least  two  inches,  Earth-Borer. 

and  the  ends  were  respectively 
contracted  and  enlai*ged  to  fit  into  and  to  receive  the 
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Earth' Closets, 

adjacent  pipes.  The  joints  of  the  pipes  were  luted 
with  qiiicKlime  and  oiL  The  thickness  was  increased 
at  the  bottom  of  a  bend,  as  in  crossing  a  valley  or 
hollow,  or  the  pifw  at  this  part  was  **  secured  by  liga- 
tures or  a  weight  of  ballast "  (Vitruviits).  Earthen 
pipes  are  found  in  the  walls  of  the  baths  and  the  Coli- 
»euni,  of  various  diameters,  none  less  than  2  inches 
diameter.  The  elaborate  arrangement  of  pipes  in  the 
amphitheater  of  Vespasian  has  probably  never  been 
excelled.  Fifty-six  drains  constructed  within  the 
thickness  of  the  wjeiHs  which  supported  the  stair- 
■  cases  of  the  ground- floor  served  to  carry  off  the  rain- 
water which  fell  in  the  building,  and  also  the  con- 
tents of  the  urinals  in  the  third  and  fourth  stories. 
The  drains  were  cylindriojil  pipes  of  12  inches 
diameter,  hollowed  out  of  freestone  blocks  20  inches 
in  hight.  The  drains  were  led  down  from  the  upper 
stories  through  pipes  in  the  masonry  of  the  stairs, 
and  united  with  hundreds  of  other  drains  at  the 
krger  conduits,  which  conducted  the  water  to  the 
Cloaca  Maxima. 

The  arrangement  of  the  aqueduct  and  distributing 
pipes  which  conducted  the  water  from  the  fountain 
of  Nismes  was  as  elaborate  as  the  emnnctories  de- 
scribed.    See  "Cresy,"  ed.  1865,  pp.  108-118. 

Earth'en-'ware.  A  general  expression  which 
covers  all  ceramic  work,  such  as  .stone  ware,  delft, 
porcelain,  etc.  See  Pottery.  The  term,  as  far  as 
it  may  have  a  less  general  meaning,  inclu<les  merely 
the  commoner  classes  of  clay- ware,  otherwise  known 
as  crockery. 

The  clav,  having  been  properly  tempered,  is  formed 
on  the  wficel  and  dried  under  cover  until  it  has 
acquired  considerable  solidity.  The  glaze,  of  the 
consistence  of  cream,  is  then  put  on  as  evenly  as 


])os.sible  by  means  of  a  bnish.  Small  articles  are 
glazed  by  {touring  in  the  ^laze  and  then  pouring  it 
out  again,  sufficient  adhering  for  the  purpose. 

The  glaze  consists  of  galena  ground  to  powder  and 
mixed  with  **slip"  ;  that  is,  a  thin  solution  of  clay. 
Thin  is  a  clear  glaze,  and  is  made  black  and  opaque 
by  the  addition  of  manganese :  galena,  9 ;  manga- 
nese, 1  part.  The  glaze  having  dried,  the  ware  is 
piled  in  the  kiln. 

A  low  heat,  applied  for  twenty-four  hours,  drives 
off  the  moisture  ;  an  increased  heat  for  another 
twenty-four  hours,  as  high  as  can  be  borne  without 
fusion,  bakes  the  clay,  drives  off  the  sulphur  from 
the  galeua,  and  causes  the  lead  to  form  a  gloss  with 
the  clay  to  which  it  adheres.  With  increase  of  heat 
this  glass  spreads  over  the  surface  of  the  ware. 
After  the  furnace  is  cooled,  the  ware  is  removed. 
The  glaze,  consisting  of  oxide  of  lead,  is  soluble  in 
acids,  such  as  vinegar  and  those  of  fruit,  and  is  de- 
stroyed, rendering  injurious  the  food  with  which  it 
combines.  A  more  refractory  clay  admits  the  use 
of  a  less  fusible  glaze  of  a  harmless  character. 

Earthen-ware  is  found  among  almost  all  nations 
and  tribes,  though  not  all  have  the  art  of  glazing, 
nor  have  all  the  art  of  baking.  Drying  is  not 
baking,  and  it  renuires  a  good  heat  to  make  a  good 
ringing  article.  The  Egyptians  and  Etruscans  had 
pottery  at  a  date  before  the  historic  period.  We 
Know  more  of  the  former  than  of  the  latter  at  eariy 
periods.  The  resemblance  of  the  Greek  and  Etrurian 
ceramic  works  is  remarkable.  Glazing  came  from 
China.  Wedgwood's  patents  about  1762.  See  specific 
list  under  ForrERY  and  Clay. 

Earth^)late.  {Telegraph.)  A  plate  buried  in 
the  earth,  or  a  system  of  gas  or  water  pipes  utilized 
for  the  purpose,  connected  with  the  terminal  or  re- 
turn wire  at  a  station,  so  as  to  avail  the  earth  itself 
as  a  part  of  the  circuit,  instead  of  using  two  wii^ 
as  was  the  practice  previous  to  1837. 

Earth'qoakeHa-larm'.  An  alarm  founded  on 
the  discovery  or  suppasition  that  a  few  seconds 
previous  to  an  earthquake  the  magnet  temporarily 
loses  its  power.  To  an  armature  is  attached  a 
weight,  so  that  upon  the  magnet  becoming  paralyzed 
the  weight  drops,  and,  striking  a  bell,  gives  the 
alarm. 

Eartfa-tant>le.  The  lowest  visible  course  of  stone 
or  bricks  in  a  wall  or  building. 

Earth^'work.  An  engineering  term  applied  to 
cuttings  and  embankments. 

Ear-^tmm'pet.  An  instrument  for  the  collection 
and  conduction  of  sounds.  By  increasing  the  size 
of  the  auricle,  a  lai^ger  volume  of  sound  is  gathered 
than  by  the  natural  ear. 

The  ear-trumpet  for  the  assistance  of  the  partially 
deaf  is  believed  to  have  been  invented  by  Baptista 
Porta  about  1600.  Kircher  describes  the  funnel 
and  tube  for  conveying  sound,  the  device  which  is 
now  so  common  for  conveying  intelligence  between 
apartments  and  shops,  in  dwellings,  warehouses, 
and  factories. 

Dr.  Amott  of  England,  who  became  partially  deaf 
from  a  cold  contracted  in  traveling,  first  devised 
the  pai^:  of  shells  or  artificial  ears  which  extend  the 
surface  displayed  to  gather  the  tremulous  air. 

There  are  two  oualities  required  in  a  speaking- 
tube  :  that  it  shall  concentrate  a  lai^  amount  of 
sound  in  a  small  space  ;  and,  secondly,  that  it  shall 
not  stifle  the  sounds  within  the  tube  itself.  Gutta- 
|)ercha  seems  to  answer  the  latter  conditions  better 
than  any  other  material. 

The  ear-trumpets  are  of  several  descriptions :  — 

1.  The  long  ear-trumpei  a,  with  a  wide  opening 
at  the  sound-reception  end,  and  a  small  opening  at 
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the  delivery  end.  This  is  made  portable  and  com- 
pact by  bending,  b  has  a  rotatable  section  ;  c  is  a 
shorter  trumpet ;  d  d  cane  trumpets  ;  e  a  short  one. 

2.  The  ear-comet  /  is  a  small  and  neat  affair, 
adapted  to  be  worn  on  the  head. 

3.  The  paraboloid  trumpet,  in  which  the  sound  is 
echoed  from  a  large  concave  receiver  before  it  entera 
the  tube. 

4.  The  auditorium  trumpet,  which  is  adapted  to 
collect  \h&  sound  of  a  speaker's  voice  and  convey  it 
to  one  or  more  parts  of  the  room  where  the  partially 
deaf  persons  mav  be  sitting. 

The  uses  of  tlie  acoustic  tubes  are  various,  fonn- 


Ear-  Trumpttx. 


ing  means  of  communication  between  a  captain  and 
his  engineer  or  steersman  ;  a  conductor  and  driver 
on  a  street-car  ;  a  conductor  and  engineer  on  a  train  ; 
a  me^ssenger  at  the  door  and  a  doctor  in  his  apart- 
ment ;  a  housekeeper  with  the  kitchen  ;  an  office 
with  a  factoiy  ;  an  editor  with  the  compositor's 
room  ;  a  hospital  office  and  the  wards,  etc.  • 

In  the  auncle/the  tube  of  the  ear-trum])et  near 
where  it  enters  the  ear  is  intersected  by  a  passage 
communicating  with  an  artificial  ear  which  is  in- 
tended to  lead  such  vibrations  as  fall  on  it  to  unite 
with  the  vibrations  passing  round  through  the  tube. 

A  aonifcr  is  a  bell-shaped  instrument  of  metal 
placed  on  a  table  with  the  mouth  turned  in  the  di- 
rection whence  the  sound  proceeds  ;  the  sound  col- 
lected in  the  bottom  of  the  instrument  is  conducted 
by  a  flexible  tube  to  the  ear  of  the  person. 


{Aficrocoiistie. )    An  instrument  to  assist  the  hear- 

Bas'eL    A  wooden  frame  for  supporting  a  picture 
during  its  execution. 


Eatd. 

Save.  The  lower  edge  of  a  roof  overhanging  the 
wall. 

Save-board.  A  feather-edge  board,  nailed  above 
and  across  the  lower  ends  of  the  rafters,  to  tilt  up 
the  lower  edge  of  the  lowest  course  of  slates  so  that 
the  next  course  may  lie  flatly  upon  them. 

Eave-lead.  {Building. )  A  leaden  gutter  inside 
a  parapet. 

Bave-mold'ingB.  (Architecture.)  Those  imme- 
diately below  the  eaves,  as  a  cornice. 

Eave-trough.  A  trough,  usually  of  tinned  iron, 
suspended  beneath  an  eave  to  c-atch  the  drip.     It  is 

Fig.  1819. 


Eatf€'Tyough  Hangen. 

held  by  a  strap  or  hanger,  which  may  have  means 
for  the  vertical  adjustment  of  the  trough,  so  as  to 
give  it  the  requirea  fall  in  the  length  of  the  eave. 

Eb'on-ite.  Mr.  Goodyear's  name  for  what  is  gen- 
erally known  as  hard  rubber.  It  is  a  vulcanite  with 
a  larger  proportion  of  sulphur  and  certain  added  in- 
gredients.   The  proportion  of  sulphur  is  from  thirty 
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to  sixty  per  cent,  and  to  this  may  be  added  certain 
amounts  of  shellac,  gutta-percha,  chalk,  pipe-clay, 
sulphates  of  zinc,  antimony,  or  copper.  It  is  used 
of  many  colors,  as  may  be  gathered  from  the  above 
list  of  ingi*edients,  and  of  hanlness  and  consequent 
facility  for  taking  polish.  The  compound,  mauger 
its  name,  may  ivsemble  horn,  ivory,  bone,  wood,  etc. 

B-bul'U-o-scope.  An  instrument  for  determin- 
ing the  strength  of  a  liquid  by  ascertaining  its  boil- 
ine-point. 

Ec'cal-e-o'bi-on.  A  chamber  for  hatching  eggs 
by  artificial  heat.     See  Incubator. 

Bo-oen'trio.  A  disk  or  wheel  a  fixed  upon  a 
shaft  at  some  distance  from  its  geometric  center. 
Around  it  is  placed  a  ring  d,  within  Which  it  is  at 
liberty  to  turn ;  the  ring,  however,  does  not  turn, 


Fi^.  1820. 


Ecctntrirs. 


but  rotates  around  the  axis  of  a,  so  as  at  its  quar- 
terly points  to  occupy  the  places  indicated  by  the 
dotted  circles,  the  effect  of  which  is  to  rock  the  bell- 
crank  lever  g  g. 

The  upper  portion  of  the  figure  shows  a  shiftable 
eccentric  for  varying  the  throw. 

The /arc  eccentric  and  back  eccentric  impart  forward 
and  backward  motions  respectively  to  the  valve-gear 
and  the  engine. 

The  eccentric  is  used  in  many  other  machines  be- 
sides steam-engines,  to  convert  a  rotar}'  to  a  recipro- 
cating motion. 

Eo-cen'trio-catoh.    See  Eccentric-hook. 

Eo-oen'trio-ohuok. .  A  chuck  attached  to  the 
mandrel  of  a  lathe,  and  having  a  sliding  piece  which 
carries  the  center.  This  piece  is  adjustable  in  a  plane 
at  right  angles  to  the  axis  of  motion  by  means  of  a 
set  screw,  and  cames  the  center  to  one  side  of  the 
axis  of  motion.  By  its  meiins  circular  lines  of  vary- 
ing size  and  eccentricity  may  be  produced.  No  oval 
or  ellipse  is  produced  thereby,  out  circles  on  the 
face  of  the  work  with  their  centers  at  such  distance 
from  the  axis  of  the  mandrel  as  may  be  desired. 

Eo-cen'trio-out'ter.  A  cutting-tool  placed  upon 
the  slide-rest,  and  having  a  rotation  by  means  of  a 
wheel  and  shaft,  the  cutter  being  attached  to  the 
end  of  the  latter.  The  rotation  is  obtained  by  an 
overhead  motion,  and  the  eccentricity  by  fixing  the 
cutter  at  different  distances  from  the  center  by  means 
of  the  groove  and  screw.  The  action  of  the  eccen- 
tric-cutter differs  from  that  of  the  eccentric-chuck 
in  this  :  in  the  latter  the  work  is  i-otated  and  the 
tool  is  stationary  ;  in  the  former  the  work  is  station- 
ary and  the  tool  revolves. 

When  the  motions  are  used  in  conjunction,  the 
patterns  are  capable  of  almost  unlimited  variation. 

Bo-oen'trio-en-gravliif;.    An  arrangement  of 


diamond  tracers,  operated  by  elaborate  machiner}', 
acting  upon  a  vamishe<l  roller  designed  for  calico- 
printing.  The  effect  is  analogous  to  that  produced 
by  the  rose-engine  lathe. 

Eo-cen'tric-^an.    A  fan-wheel  with  radial  arnu 
and   vanes,  and 
having   an   axis  Fig  i92i. 

which  is  e«:cen- 

tricwith  the  case  . 
in  which  it  re- 
volves. The  case 
has  a  scroll  form, 
and  the  effect  is 
to  make  the  dis- 
charge of  air 
more  perfect  and 
avoid  canying 
a  body  of  air 
around  between 
the  vanes. 

Ec-cen'trio-  ' 

gab.      See     Ec-  Eecentrie-Fan, 

CKNTKIC-HOOK. 

Eo-cen'trio-gear'ing.  Cog-wheels  set  on  ec- 
centric  axes  give  a  variable  circular  motion,  as  in 
the  case  of  the  ccceutric  cxmtraie  wheel  and  pinion, 
and  the  eccentric  spur-wheel  and  intermediate 
shifting  pinion.  Links  connect  the  axis  of  the 
pinion  with  those  of  the  driver  and  driven  wheels, 
and  preserve  the  jiinion  at  proper  mashing  distance. 


Fig.  1822. 


Ectentric  Of  an 

SO  as  to  engage  with  the  motor  and  communicate  the 
motion  to  the  next  wheel  in  series. 

Eo-cen'trio-hook.  (Steam-engine,)  One  used 
to  connect  the  e(!centric-rod  with  the  wrist  on  the 
lever  of  the  rock-shaft  which  actuates  the  valve ; 
otherwise  called  a  gab. 

Eo-cen'trio-hoop.  The  strap  on  the  eccentric 
of  an  engine. 

Eo-oen^trio-pmnp.  A  hollow  cylinder  in  which 
is  a  i-evolving  hub  and  axis  eccentrically  arranged. 
On  the  hub  are  flaps  which  act  as  pistons  in  the 
space  between  the  hub  and  the  case  to  expel  the 
water,  which  enters  at  one  opening  and  departs  by 
another.  The  same  construction  is  seen  in  rotary 
steam-engines,  only  that  in  one  rase  the  shaft  re- 
volves to  force  water,  and  in  the  other  the  steam 
passes  through  to  drive  the  shaft. 

Ec-cen'tilo-rod.  The  rod  connecting  the  eccen- 
tric strap  to  the  lever  which  moves  the  slide-valve. 

Eo-oen'trio-Btrap.  {Machinery.)  The  ring  in- 
closing an  eccentric  sneave  and  connecting  by  a  rod 
to  the  object  to  be  reciprocated  ;  as,  the  slide-valve 
of  a  steam-engine.     See  EcoENTUlc. 

Ec-oen'trio-wheeL  A  cam  consi.sting  of  a  cir- 
cular disk  attached  eccentrically  to  a  shait.  It  is 
used  for  communicating  a  recipixKuiting  motion  to 
the  valve  of  a  steam-engine.  Its  axis  of  revolution 
is  out  of  the  center  of  its  figure,  and  the  rectilinear 
motion  imparted  is  called  the  throw. 

The  ring  around  the  eccentric  is  the  eeeerUrie'Slrap. 
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The  rod  connecting  the  strap  to  the  part  to  be 
actuated  is  the  eccentric-rod. 

The  hook  at  the  end  of  the  rod,  by  which  it  is  con- 
nected to  the  rock-shaft  of  the  valve  motion,  is  the 
teccnlric  hook  or  gab. 

The  whole  apparatus  is  the  eccentric-gear.     See 
Eccentric. 
Bo-cop'e-us.     {Surgical.)     A  surgeon's  knife. 
A  raspatorg  ;  an  ancient  instrument  for  trepan- 
ning. 

^chi'naB.  A  member  of  the  Doric  capital ;  so 
called  from  its  re.semblance  to  the  echinus,  or  large 
vase,  in  which  drinkiug-cups  were  washed. 

B-ohoni'e-ter.  {^fusic.)  A  scale  or  rule  marked 
with  lines  which  serve  to  indicate  the  duration  of 
sounds,  and  to  ascertain  their  intervals  and  mtios. 

E-olipse'-speed'er.  (Cottony  etc.)  A  form  of 
spinning-machine. 

E'coute.   (Fortification. )    A  gallery  built  in  front 
of  the  glacis  of  a  fortification,  as  a  lod^ent  for 
troops  to  intercept  the  miners  of  an  attacking  force,  j 
Bo-pho'ra.    The  projection  of  any  member  or  ; 
molding  before  the  face  of  the  member  or  molding 
next  below  it. 
E-ora'seur.    A  steel  chain  tightened  by  a  screw, 
and  used  for  removing  piles,  polypi, 
Fig  1828       malignant  growths,  etc.     Used  also  in 
obstetrical  practice. 

Bo-ty-iK>g'ra-phy.  A  mode  of 
etching  which  gives  the  design  in  re- 
lief. The  plate  is  exposed  by  the 
etching- needle  between  the  lines,  in- 
stead of  at  the  lines. 

Edge-ont'ting.  The  process  of  giv- 
ing a.  smooth  edge  to  booKs  by  cutting 
ott  the  folds  and  making  the  margins 
of  all  the  pages  equal.     The  book  is 
held  in  a  cutting-press  and  the  work 
done  by  a  plow  or  trimming- machine. 
Edge-Joint   (Carpentry.)    A  joint 
fonned  by  two  edges,  forming  a  cor- 
ner. 
BdgeH>milL     An  ore -grinding  or 
"\  in  which  the  stones  travel  on 
•  edges.     In  addition  to  the  crush- 
V\  iiig  action,   the  edge-mill  has  a  fric- 
tional  or  grinding  action,  whose  rela- 
Ecrauwr.      tive  value  may  be  considered  as  equal 
to  the  difference  of  distance  performed 
by  the  inner  and  outer  edges.     See  Chilian-mill. 

E  d  g  e  - 
plane.  1. 
(Wood-work- 
ing.) A  plane 
for  edging 
boards,  hav- 
ing a  fence, 
and  a  face 
with  the  re- 
nuired  shape  ; 
llat,  hollow, 
or  round. 

2.  (Shoe- 
making.)  A 
plane  for  shav- 
ing the  edges 
of  boot  and 
shoe  soles.  It 
has  a  knife 
curved  to  the 
shape  desired, 
a  projecting 
edge  which 
forms  a  guide 


ner. 
\\  Bdge-i 

^v  oil-mill  in 

^i^*^  their  edge 


Edge-Plane,  for  Shoe  SolfS. 


and  gage,  and  means  for  aiyiistment.  The  mouth- 
piece is  adjustable,  and  holds  the  curved  paring- 
knife  by  means  of  its  jaws  and  set- screw. 

Ed^'er.  A  circular  saw  or  pair  of  circular  saws 
by  which  the  bark  and  '*  waney  '  portions  are  ripped 
from  slab- boards  or  boards  made  by  ripping  logs 
through  and  through,  without  squaring. 

A  double-e<lger  has  one  permanent  saw  and  one 
capable  of  regulation  as  to  uistauce  from  the  former 
one,  so  as  to  adapt  the  pair  of  saws  to  edge  boards 
of  varying  width. 

Edge-raU.  (Railroad.)  a.  One  form  of  rail- 
road-i-ail,  which  beai-s  the  rolling  stock  on  its  edge. 
The  rail  is  contradistinguished  by  its  name  from  tne 
flat-ran,  which  was  first  used  ;  the  avgle-rail,  which 
succeeded  that ;  the  bridge-rail,  which  pi-esents  an 
arched  tread  and  has  lateral  flanged  feet ;  the  foot- 
rail,  which  has  a  tread  like  the  edge-rail,  but,  un- 
like it,  has  a  broad  base  fonned  by  foot  flanges. 

The  first  public  railway  laid  with  edge  rails  was 
made  by  Jessop  of  Loughborough,  England,  1789. 
They  were  of  aist-iron  in  3  or  4  feet  lengths,  and 
had  vertical  holes  near  each  end  by  which  they  wei-e 
wooden-pinned  to  the  sleepers.  They  were  fish- 
bellied,  and  subsequently  laid  on  cast-iron  chairs. 

Wyatt's  }»atent  in  1800  was  an  oval  cast-iron  rail. 
The  upper  suiface  was  afterwards  flattened. 

Rolled-iron  edge-rails  were  made  in  1820  under 
Birkenshaw*s  patent. 

See  Rail;  Railway. 

h.  A  rail  placed  bv  the  side  of  the  main  rail  at  a 
switch  to  i)revent  the  ti-ain  from  running  otf  the 
track  wiien  the  direction  is  changed. 

Edge-rolL  (Bookbinding.)  A  brass  wheel,  used 
hot,  in  i-unniiig  an  edge  ornament  on  a  book  cover, 
either  gohl  or  blind. 

Edge-shot.  A  board  with  its  edge  planed  is 
said  to  be  edge-shot. 

Edge-tool.  (Hardware. )  A  general  name  which 
includes  the  heavier  descriptions  of  cutting-tools,  — 
axes,  adzes,  chisels,  gouges,  plane-bits. 

Other  cutting-tools  come  within  the  province  of 
the  armorer  or  cutler,  and  are  included  under  etU- 
lery,  —  knives,  scissors,  shears,  surgical  instru- 
ments, and,  by  the  analogy  of  associate  ust^,  forks. 
See  Adzk  ;  Axe  ;  Hatchet  ;  Knife. 

Tlie  making  of  swords  was  anciently  the  work  of 
the  armorer,  but  has  probably  merged  into  cutlery. 

Wood-cutting  tools  are  divided  by  HoltzapfTel 
as  follows :  — 

1.  Paring  or  splitting  tools,  with  thin  edges,  the 
angle  of  the  basil  not  exceeSing  60°  with  the  .straight 
face.     This  includes  broad-axes,  chisels,  govges,  etc. 

Double-basil  tools,  such  as  axes. 

2.  Scraping-tools  with  thick  edges,  the  angles 
measuring  from  60"  to  120".  These  remove  the 
fibci-s  in  the  form  of  dust.  The  veneer-scraper  is  an 
instance.  One  angle  of  the  edge  of  the  steel  plate 
is  turned  over  to  form  a  bur,  known  as  a  wire-edge, 

3.  Shearing-tools  ;  such  are  usuallv  in  paira,  acting 
from  opposite  sides  of  the  object,  the  basil  and  face 
having  an  angle  of  from  60"  to  90". 

Iron  and  steel  for  edge-tools  have  been  combined 
in  a  fagot  and  rolled  so  as  to  have  a  thickness  of 
steel  between  layers  of  iron,  for  chopping-axes  and 
some  other  tools,  and  with  a  layer  of  steel  on  one 
side  for  broailaxes,  chisels,  etc.,  which  have  but 
one  basil.     (Bouydell's  patent,  English.) 

4.  A  burnisher  for  niobing  the  edges  of  boot  and 
shoe  soles.     See  also  Edge-plane. 

5.  (Saddlery.)  A  tool  used  for  removing  the  an- 
gular edge  from  a  leathern  strap. 

For  chamfering  dovm  the  edges  of  a  strap  more 
broadly,  another  tool  is  used  having  a  blade  and 
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Kuides  which  travel  along  the  edge  and 
face  respectively  of  the  leather.  See 
Chamferino-tool. 

I  Edge-iTvheeL  A  wheel  traveling 
on  its  edge  in  a  circular  or  annular  bed, 
as  in  the  ancient  Phoenician  oil-mills, 
the  Chilian  ore-mills,  and  many  other 
crushing-mills.     See  Chilian  Mill. 

Edg'lng.     The     ornamentation    of 
book  edges  by  — 

1.  Color  sprinkling. 

2.  Marbling  (which  see). 
8.  Gilding. 
4.  Coloring  ;  as  the  rubric  style  now 

so  common. 

Edg'ing-ma-ohine'.  A  machine 
for  edging  boards  to  a  given  pattern. 
f  An  edger. 
I  Bdg;'ingHiheazB.  A  gardener's  shears 
w  for  trimming  the  edges  of  sod  around 
7   walks  or  be<ls. 

Edg'ing-tile.     Tiles  for  borders  of 

Edge-IboL    garden-beds,  in  place  of  grown  edmngs, 
such  as  box,  thnft,  etc.     Such  tiles  for 
pleasure-gardens  are  made  ornamental ;  for  kitchen- 
gardens,  plainer. 

E-duc'tloii-pipa.  (Steam-ejigine.)  The  pipe 
which  cai-ries  off  the  exliaust  steam  from  the  cylin- 
der. 

E-dnc'tioii-port.  One  through  which  the  steam 
passes  from  the  valves  to  the  condenser.  Exhaust- 
Jwrt. 

IS-4ul'cQ-ra'tion.  The  effusion  of  water  on  any 
substance  for  the  purpose  of  removing  the  portion 
soluble  in  that  liquid.  The  article  'is  usually  agi- 
tated in  water,  which  is  removed  by  decantation 
after  subsidence  of  the  heavier  portion. 

E-dnroo-ra'tor.  A  dropping- tube  for  applying 
small  iiuautitie^  of  sweet  solutions  to  a  mixture. 

Ef-fecf .  The  amount  of  work  performed  by  a 
steam-engine  or  other  machine.     See  Duty. 

Egg-a8-sort'er.  A  device  by  which  eggs  are 
assorted  according  to  quality  ;  being  so  plac^  that 
a  strong  light  is  brought  upon  them  when  stuck  int-o 
holes  in  a  board,  their  comparative  translucency  Is 
observed,  and  is  accepted  as  an  evidence  of  quality. 
Egg-bas'ket.  One  for  standing  eggs  in  to  boil, 
and  also  to  hold  them 
when  placed  on  the  table. 
Bgg-beat'er.  A  whip 
of  wires  or  a  set  of  wire 
loops  rotated  by  gear  while 
plunged  in  the  egg  con- 
tained in  a  bowl. 

Another  form  is  a  vessel 
contained  in  another,  and 
a  wire  gauze  diaphragm 
through  which  the  eggs 
pass  when  the  vesstds  are 
reciprocated. 

Bgg-boil'er.  A  domes- 
tic device  which  sounds  an 
alarm  when  the  eggs  have 
been  exposetl  to  the  water 
a  sufficient  length  of  time 
to  expand  the  water  in  the 
lower  reservoir,  raise  the  plug  rf,  and  release  the 
trigger  of  the  spring  bell-hammer. 

Egg-oar'ri-er.  A  means  for  holding  eggs  in  the 
proper  caiTving  position  without  jolting  against 
each  other  during  transportation.  The  frames  have 
cloth  pockets  for  the  eggs.  In  other  forms  the  eggs 
are  supported  by  ])ockets  of  wire  or  netting. 
Egg-de-teoi/or.    An  apparatus  for  showing  the 


rig.  182n. 


Egg-Basket. 


Fig.  1RZ7. 


quality  of  eg^ 
holes  in  the 


Egg-BeaUrs. 

They  are  placed  upright  in  the 
id  of  the  dark  chamber,  and  their 

Fig.  1828. 


E^g'BoiUr. 

transmitted  light  observed  upon  a  mirror  C;  being 

viewed   through 

a     peep-hole, 

their  quality  is 

determined     by 

their       translu-  t 

cency  as  evinced  | 

by  the   relative 

transmission    of  I 

light,  as  an  e^ 

becomes      more  f 

cloudy     and* 

opaque  as  it  be-  [ 

comes  spoiled. 

Egg— glaufi  1. 
A  glass  for  holding  an  egg  while  eating  it. 

2.  A  sand-glass  running  about  three  minutes,  as  a 
timist  for  egg-boiling. 

Egg-hatch'ing  Ap'pa-ra'tus.  An  apparatus 
for  the  artificial  hatching  of  eggs.  It  has  be«n  prac- 
ticed from  time  immemorial  in  Egypt.  See  Incu- 
bator ;  Calorifere. 

Egg-mold'ing ;  Egg  and  Tongna  {ArchiUe- 
(urc)    A  peculiar  molding  in  which  a  tongue  de- 
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Cdent  from  t 
i  whose  mig< 
set  on  end. 

Egg-tongs. 
and  holding  an 

Fis-  1881. 


rays  of  light,  forming  singular  combinations  to  ap- 
pear upon  the  screen.  Variously  colored  glass  disks 
may  be  used,  producing  striking  variations  and  com- 
binations of  color.  —  Mechanical  Magazine^  N.  S., 
Vol.  XVI I.  p.  3.5. 

Ztight-een'-mo.  A  book  whose  sheets  are  folded 
to  form  eighteen  leaves.  Sometimes  written  oclo- 
deciino;  and  usually  indicated  18mo,  or  18°. 

Bight-line  Pica.  {Printing,)  A  type  whose  face 
has  eight  times  the  depth  of  pica.  French,  daublc- 
canon. 

E-jeof  or.  1.  A  device  wherein  a  body  of  elastic 
fluid,  such  as  steam  or  air,  un- 
der pressure  and  in  motion  is  Fijr  1PS8. 
made  the  means  of  driving  a  li(j- 
uid  such  as  water  or  oil.  The  ef- 
fect of  a  body  of  escaping  stenm 
in  setting  liquids  in  motion  was 
observed  long  since,  but  the  most 
notable  instance  is  the  Giffard  1  n- 
jector  (see  Injrctob),  which  is 
used  as  a  feed-water  pump  for 
steam-boilers.  The^'«<;/oract8ou  

Fig.  US4. 


Egg-Thngs 

Two  equal  w 
beam,  turn  on  a 
a  b,  near  its  e^ 
over  the  wheels 
communicated  : 
/  /  slide  in  so 
wheels,  just  unc 
at  its  extremity 
by  which  its  poi 

any  design,  while  at  the  extremity  g  of  the  other 
arm  is  a  pencil,  fixed  in  a  metallic  tube  which  slides 
in  a  pipe  and  is  raised  hy  a  string,  when  renuired, 
the  pressure  on  the  paper  being  maintainea  by  a 
weight 

The  wheels  being  exactly  equal  in  diameter,  the 
arms  attached  to  them,  when  once  set  parallel  to 
each  other,  will  remain  so  when  the  wheels  are  re- 
volved. 

For  use,  the  instrument  is  set  by  sliding  the  cen- 
tral beam,  so  that  the  distance  b  c  shall  bear  the 
same  proportion  to  a  c  as  the  drawing  to  be  copied 
is  intended  to  bear  to  the  copy. 

The  distances  b  q,  ah^  are  also  regulated  to  the 
same  proportion.  The  center- piece  and  amis  are 
graduate^l  for  this  purpose,  so  as  to  admit  of  being 
set  to  any  desired  ratio. 

Zli'do-soope.  An  instniment  on  the  principle 
of  the  kaleidoscope,  which  produces  an  infinite 
variety  of  geometrical  figures  by  the  independent 
revolution  of  two  perforated  metallic  disks  on  their 
axes.  It  may  be  employed  in  conjunction  with  the 
magic-lantern,  when  rapidly  rotated  causing  flashing 


Rector 


PH»se^s  Oil-  Well  ^'fetor 


a  similar  principle,  but  is  applied  to  t^ect  or  lift 
liquids,  as  in  the  example  (Fig.  1883),  where  it  is 
an  oil-well  pump.  ^  is  a  pipe  which  proceeds  from 
the  surface  of  the  ground  to  near  the  bottom  of  the 
well ;  its  lower  end  is  closed  by  a  valve  which  opens 
upward.  A  steam-pipe  pa  sing  down  alongside  the 
I  main  pipe  is  recurved  upwardly,  and  emits  steam 

Fig.  1886. 


Sljtctor, 

just  in  the  throat  of  the  contracted  aperture.     The 
effect  is  to  draw  up  liquid  by  the  force  of  the  steam - 
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blast  and  carrv  it  thi-ough  the  a^ierture,  and  so  up- 
wardly to  the  top.  See  also  Figs.  69  to  64,  inclusive. 
Fig.  1834  is  upon  the  same  }>rinciple,  the  steam 
or  air  issuing  through  the  small  axial- pipe  and  pass- 
ing into  the  up-cast  ]»ipe,  drawing  with  it. the  li(^uid 

from  the  lower  pipes 
Fig.  isae.  which  surround  the 

ejector-nozzle. 

Fi|Cf.  1835  only  dif- 
fers m  the  mode  of 
application,  the 
bent  pi})e  having  an 
^  unobstructed  pas- 
sage in  the  nozzle 
for  the  admission  of 
steam  or  air,  com- 
municating witli 
the  said  passage  on 
its  back  or  outer 
curved  side  at  a 
l)oint  directly  oppo- 

^  site  to  and  in  line 

with  the  outlet  or 
discharge  o))enin^. 
2.  That  device  in  a  breech-loailing  fire-arm  which 
Avithdraws  the  empty  cartridge-case  from  the  bore  of 
the  gun. 

8.  A  device  onshipboanUFig.  1836)  for  carryingup 
the  ashes  from  the  stoke-holes  of  steamshi|)s  and  dis- 
<rharging  them  overboard.  The  ashes  are  shovelrd 
into  a  box,  and  a  steam-jet  Wing  tlriven  into  the 
mouth-piece  of  the  i»i|ie  cau.ses  an  induced  cum^nt 
of  air  which  carries  the  ashes  along  with  it,  up  the 
pipe,  and  overboanl  above  the  water-line. 

fS-ject'or-oon-dens'er.  {Sle^i  n-enyiiie.)  A 
form  of  condenser  worked  by  the  exhaust  steam  from 
the  cylinder.  In  the  example  it  is  shown  as  applied 
to  a  pair  of  engines.  The  apparatus  consists  essen- 
tially of  three  concentric  tulK»a  terminating  in 
c.onoidal  nozzles,  and  o|)ening  into  the  hot-well  or 
wa-ste-water  receptacle  i)y  a  common  and  gradually 

Fiir.  1887. 


Ashes- Ejector, 


MortonU  Rector-  Condenser. 

widening  or  trumpet-shaped  mouth-pieee  D ;  the 
inlet-tube  B  is  in  communication  with  the  water- 
tank  from  which  the  cun-ent  of  injection -water  is 
obtained,  while  each  of  the  other  tubes  C  conveys 
the  exhaust  steam  from  one  of  the  cylinclers. 

^  is  a  regulating-spindle  for  adjusting  the  water- 
su|)ply  ;  B,  the  water-inh^  ;  C  C,  the  exhaust  jms- 
sages ;  D,  the  discharge,  j)a.ssage ;  E^  the  steam- 
inlet  ;  Fy  a  self-adjusting  steam- valve.  In  starting, 
steam  is  admittctl  at  E^  and  passing  along  the  axial- 
pipe,  issues  at  the  nozzh',  drawing  with  it  wat«*r  from 
cold-water  pipe  B,  whi(;h  condenses  the  steam  from 
the  exhaust  passae^e^s  C  Coi  the  res]>eetive  cylinders, 
and  has  momentum  enough  to  carry  the  condensed 
steam  and  it^self  to  the  hot- well. 

Eke'ing.  {Shiphnihlimf.)  a.  A  piece  fitted  to 
make  goo<l  a  deficiency  in  length  on  the  lower  part 
of  the  supporter  under  the  cat-head,  etc. 


h.  The  piece  of  carved  work  under  the  lower  end 
of  the  quarter-piece  at  the  aft  part  of  the  quarter- 
gallery. 

Blai-om'e-ter.  An  instrument  for  detecting 
the  adulteration  of  olive-oil. 

B-las'tio-bulb  Sjrr'inge.  A  syringe  having  a 
bulb  of  caoutchouc,  whose  expansion  and  contraction 
acts  as  a  puiiip.     See  Bueast-pomp  ;  Atomizrb. 

B-las'tlc  sands.  Made  of  caoutchouc,  naked  or 
covered.  The  foimer  ai-e  cut  from  flattened  cvlinders 
of  rubl)er  of  jirojwr  diameter  and  thickness  between 
a  duplicate  series  of  circular  knives  acting  after  the 
manner  of  shears  ;  the  latter  are  made  by  rutting 
continuous  slim  fi-om  a  sheet  of  vulcanized  rubber  of 
the  required  thickness,  wound  upon  a  reel,  by  means 
of  a  knife  with  slide-rest  motion.  These  strife  are 
then  covered  with  cotton  or  bilk,  and  woven  m  an 
endless  web.     S<*e  Caoutchouc. 

B-las'tic-^ab'iio  Loom.  One  having  mechani- 
cal devices  for  stretching  the  rubber  threads  or  shirrs, 
and  holding  them  at  a  ])ositive  tension  while  the 
fabric  is  woven. 

B-las'tic  Gk>odB.  Those  having  elastic  cords, 
called  shin's,  inserted  in  a  fabric  or  between  two 
thicknesses. 

E-las'tlo  Mold.  Elastic  molds  of  glue  for  tak- 
ing casts  of  undercut  objects  were  invented  by  Doug- 
las Fox,  Derby,  England. 

The  body  to  Iw  molded  is  oiled  and  secured  about 
an  inch  above  the  surface  of  a  boani,  and  \»  then 
surrounded  by  a  wall  of  clay  rather  higher  than  it- 
self, and  about  an  inch  distant  from  its  perii)hery. 
Into  this,  warm  melte<l  glue,  just  fluid  enough  to 
nin,  is  poun*d,  completely  enveloping  the  object. 
When  cold,  the  clay  wall  is  removal,  and  the  mold 
delivei-ed  by  cutting  it  into  as  many  pieces  as  are 
required,  either  witli  a  sharj)  knife  or  by  threads 
previously  placed  in  proper  situations  about  the  ob- 
ject. The  pieces  are  then  placed  in  their  proper 
positions,  and  bound  together.  The  mold  is  designed 
particularly  for  taking  casts  in  plaster-of-paris,  but 
molten  wax,  if  not  too  hot,  may  also 
be  employed. 

B-las'ido  Pis'ton-pnmp.  A  pump 
described  in  Dr.  Gregor>'*8  '*  Mechan- 
ics "  consists  of  an  elastic  bag  provided 
with  a  valved  board  on  top,  and  oper- 
ating over  a  valved  diaphragm.  The 
StrunK  in  wliich  it  o])erate8  is  a  square 
box,  and  the  ])iston  moves  without 
'  friction  against  the  trunk  in  which  it 
works.  The  Iwg  is  of  water-proof  can- 
vas or  leather,  with  occasional  rings. 

A  somewhat-  similar  pump,  recom- 
mended for  a  bilge-water  pump,  and 
for  pumping  out  leak-water,  is  Known 
as  Crack nell's,  and  was  somewhat  famous  in  Eng- 
land forty  years  since.  It  had  a  pliable  diaphragm 
of  leather  attached  to  th<^  plun^*r-rod,  and  a  valve  on 
top  like  the  pum]»  just  aescnl)e<l.  As  the  leather 
dij^phragm  was  driven  down  and  drawn  ui»  alter- 
nately, it  filled  with  water  and  then  lifted  it,  the 
lower  valve  rising  as  the  plunger  lifted.     See  Bao- 

PUMP. 

B-las'tio  Pro-peller.    A  form  of  ship*H  propel- 
ler invented  by  Macintosh,  in  which  the  blades  are 
.  of  flexible  steel,  which  assume  a  more  and  more 
I  nearly  disk  form  as  the  speed  and  consequent  resist- 
ance of  the  water  is  increa.sed. 

B-las'tio  Typa    Type  mide  of  compounds  of 

caouU'houc,  which  will  accommodate  themselves  to 

•  a  somewhat  uneven  surface  in  printing,  and  in  which 

a  form  of  snid  tyjie  may  be  lapped  around  a  curved 

priu  ti  ng-su  rface. 
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E-laf  er-om'e-ter.  A  pressure-gage  for  air  or 
steam. 

Bl'bo'vvr.  1.  The  junction  of  two  parts  having  a 
bent  joint.    A  kriee  or  toggle  joint.   An  abrupt  angle. 

2.  A  bend,  as  of  a  stove-pipe,  a  wall,  a  parapet. 

3.  A  support  for  the  arm,  elbow  high,  as  the  arm 
of  a  chair. 

4.  -  A  voussoir  of  an  arch  which  also  forms  part  of 
a  horizontal  course.     An  obtuse  angle  of  a  wall. 

5.  {Joinery,)  The  sides  or  flanks  of  a  paneled 
recess ;  especially  the  two  small  pieces  of  framing 
which  occur  on  each  side  of  a  window  immediately 
below  the  shuttera  when  the  window-jambs  ai-e  car- 
ried down  to  the  floor,  forming  a  slight  recess. 

El'bo'W-board.  {Carpentry.)  The  board  at  the 
bottom  of  a  window  on  which  the  elbows  of  a  j^er- 
son  are  sufiported  when  leaning. 

Zn.'bo'w-tongB.  A  crucible  toi\gs  with  jaws  bent 
between  the  joint  and  chaps. 

BldO-trep'e-ter.  An  instrument  for  changing 
the  direction  of  electric  currents. 

B-lec'tri-cal  Ap'pa-ra'tos.  Gilbert,  in  his 
book  **De  Magnete,'  1600,  first  introduces  into  the 
nomenclature  of  the  sciences  the  word  "electiic," 
deriving  it  from  electron  (Gr.  amber),  which  was 
the  onW  substance  known  to  the  ancients  that 
acquired  the  property  of  attracting  light  bodies  when 
rubbed.  He  gives  a  list  of  bodies,  as  diamond, 
sapphire,  crystal,  glass,  sul})hur,  sealing-wax,  and 
others,  possessing  the  electric  property,  which  he 
very  properly  distinguishes  from  magnetic  power, 
the  former  attracting  all  lij^ht  bodies,  the  latter  iron 
only.  He  regarded  magnetism  and  electricity  as  two 
emanations  of  one  fundamental  force.  He  con- 
sidered the  earth  as  a  magnet,  and  the  lines  of  eaual 
declination  and  inclination  as  having  their  inflec- 
tions determintnl  by  distribution  of  mass,  or  by  the 
forms  of  continents  and  by  the  extent  of  the  deep 
inti^rvening  oceanic  Imsins.  Gil  belt  was  surgeon  to 
Queen  Elizabeth  and  James  I.,  and  died  in  1603. 

The  electric-telegraph  preceded  the  electro-mag- 
netic by  many  years.     See  Electric-teleoraph. 

Otto  Guencke,  of  Magdeburg,  discovered  that 
there  was  a  repulsive  as  well  as  an  attractive  force 
in  electricity,  observing  that  a  globe  of  sulphur, 
after  attracting  a  feather  to  it,  repelled  it  until  the 
feather  had  again  been  placed  in  contact  with  some 
other  substance.  Newton,  in  1676,  obsei-ved  signs 
of  electiical  excitement  in  a  rubbed  plate  of  glass. 
Hawkesbee,  who  wrote  in  1709,  also  olierved  similar 
phenomena;  and  Dufay  in  the  ** Memoirs  of  the 
French  Academy,"  between  1733  and  1737,  general- 
ized so  far  as  to  lay  down  the  principle  that  electric 
iKxlies  attract  all  those  which  are  not  so^  and  rei)el 
them  as  soon  as  they  have  become  electric  by  the 
vicinity  or  contact  of  the  electric  body. 

Dufay  also  discovered  that  a  body  electiified  by 
contact  with  a  resinous  substance  re{)ellcd  another 
electrified  in  a  similar  way,  and  attracted  one  which 
liad  been  electrified  by  contact  with  glass. 

He  thence  concluded  that  the  electricity  derived 
fi-om  those  two  8ouiym*s  was  of  different  kinds,  and 
applied  the  names  vitreous  and  resinous  to  them, 
t  ranklin  attributed  this  diflTerence  to  an  excess  or 
«leficiency  of  the  electric  fluid,  the  former  condition 
existing  in  electrifietl  glass  and  the  latter  in  resins- 
Otto  Guericke  had  oKserved  that  his  sulphur 
^lobe,  when  rubbed  in  a  dark  place,  emitted  faint 
flashes  of  light,  and  shortly  after^vard  it  was  noticed 
that  a  similar  phenomenon  occurred  at  the  surface  of 
the  mercury  when  the  barometer  was  shaken ;  a  fact 
which  one  of  the  celebrated  mathematicians,  Ber- 
noulli, attempted  to  explain  on  the  Cartesian  sys- 
tem, but  which  was  afterwards  correctly  attributed 


by  Hawkesbee  to  electricity.  Wall,  in  1708,  ob- 
served the  sparks  produced  from  amber,  and 
Hawkesbee  noticed  the  sparks  and  *' snapping" 
under  various  modifications. 

Dufay  and  the  Abb^  Nollet  were  the  first  to  draw 
sparks  from  the  human  body  ;  an  experiment  which 
attracted  great  attention,  and  became  a  species  of 
fashionable  diversion  at  the  time. 

The  discovery  of  the  I-«yden  jar  is  attributed  to 
Cunoeus  of  Leyden,  in  1 746,  who,  while  handling  a 
vessel  containing  water  in  communication  with  an 
electrical  machine,  was  surprised  at  receiving  a  se- 
vere shock  ;  a  similar  event  had  happened  the  year 
previous  to  Von  Kleinst,  a  German  prelate. 

Gray  in  1729  discovered  that  certain  substances 
were  possessed  of  a  conductive  in  contradistinction 
to  an  electric  power ;  and  afterwards  Nollet  passed  a 
shock  through  a  cirele  of  180  men  of  the  French 
guards,  and  along  a  line  of  men  and  wires  900  toises 
m  length,  while  Watson  in  England  ascertained 
that  the  transmission  of  the  shock  through  12,000 
feet  of  wire  i*'as  sensibly  instantaneous. 

Franklin  in  1747  pointed  out  the  circumstances 
on  which  the  action  of  the  I^yden  jar  depends, 
showing  that  the  inside  is  positively  and  the  outside 
negatively  electrified,  and  that  the  shock  is  pro- 
duced by  the  restoration  of  the  equilibrium  when 
communication  is  established  between  them.  Mon- 
nier  the  yonnger  discovered  that  the  electricity 
which  bodies  can  receivie  depends  on  their  surface 
rather  than  their  mass,  and  Franklin  soon  found 
that  **the  whole  force  of  the  bottle  and  power  of 
giving  a  shock  is  in  the  glass  itself"  ;  he  farther,  in 
1760,  sug^^ested  that  electricity  and  lightning  were 
identical  in  their  nature,  and  in  1 762  demonstrated 
this  fact  by  means  of  his  kite  and  key  ;  about  the 
same  time'D'Alibard  and  others  in  France  erected  a 
pointed  rod  forty  feet  high  at  Marli,  for  the  pui*po8e 
of  verifying  Franklin's  theory,  which  was  founa  to 
give  sparks  on  the  passage  of  a  thunder-cloud. 
Similar  experiments  were  repeated  throughout 
Europe,  ana  in  1768  Eichman  was  instantly  killed 
at  St.  Petersburg  by  a  discharge  from  a  rod  of  this 
kind. 

The  more  imjiortant  discoveries  since  those  days 
relate  rather  to  electricity  produced  by  voltaic  or 
magnetic  action.    See,  under  the  following  heads :  — 

E-lec'tri-oal  and  Mag-netl-oal  Ap-pli'- 
an-ces. 


Annunciator. 

Anode. 

Armature. 

Astatic  needle. 

Battery. 

Calorimotor. 

Carbon -battery. 

Catelectrode. 

Cathode. 

Cell. 

Circuit. 

Circuit-breakfer. 

Circuit-closer. 

Commutator. 

Compound  battery. 

Condenser.     Electric 

Conductor. 

Constant  battery. 

Couple. 

Current-regulator. 

De  Luc's  column. 

Dip. 

Dipping-needle. 

Discharging-rod. 


Doubler. 
Dry-pile. 
Earth -battery. 
Earth -plate. 
Electrepeter. 
Electrical  apparatus. 
Electric  alarm. 
Electrical  machine. 
Electric  annunciator. 
Electric  balance. 
Electric  battery. 
Electric  bridge. 
Electric  cable. 
Electric  clock. 
Electric  escapement. 
Electric  fuse. 
Electric  governor. 
Electric  harpoon. 
Electric  heater. 
Electric  helix. 
Electric  indicator. 
Electric  lamp. 
Electric  light. 
Electric  log. 
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Electric  loom. 

Electric  meter. 

Electric  pendulum. 

Electric  piano. 

Electric  railway-signal. 

Electric  regulator. 

Electric  signal. 

Electric  steatn-gage. 

Electric  switch. 

Electric  telegraph. 

Electric  time- ball. 

Electiic  torch. 

Electric  wand. 

Electric  weighing-appara- 
tus. 

Electric  whaling-appara- 
tus. 

Electro-ballistic    appara- 
tus. 

Electro-blasting. 

Electro-chemical     tele- 
graph. 

Electro-chronograph. 

Electrode. 

Electro-dynamic  engine. 

Electro-engraving. 

Electro-etching. 

Electro-gilding. 

Electrolyte. 

Electro- magnet. 

Electro-magnetic  clock. 

Electro-magnetic  engine. 

Electro-magnetic  machine. 

Electro-magnetic  regula- 
tor. 

Electro-magnetic     tele- 
graph. 

Electro-magnetic  watch- 
clock. 

Electro-medical  battery. 

Electrometer. 

Electro-motor. 

Electro- negative. 

Electrononie. 

Electrophorus. 

Electro-plating. 

Electro-positive. 

Electro-puncturing. 

Electroscope. 

Electrotint. 

Electrotype. 

Filings-separator. 

Galvanic  battery. 

Gal  vanizing-iix>n . 

Galvanography. 

Galvanometer. 

Gralvanometric  multiplier. 

Galvanoplastic  process. 

Galvanoscope. 

Geisler-tube. 

Hydro-electric  machine. 

Inclinatorium. 

I  nclinometer. 

Induction  apparatus. 

Induction  cou. 

Inductometer. 

Insulated  wire. 

Insulating-stool. 

Insulator. 

Inversor. 

Leyden  batter)*. 

I^yden  jar. 

Lighting  gas  by  electri- 
city. 


Lightning-arrester. 

Lightning-conductor. 

Lightning-rod. 

Line- wire. 

Magnet 

Magnetic  battery. 

Magnetic  compensator. 

Magnetic  curativemppli- 
ances. 

Magnetic  guard. 

Magnetic  none. 

Magnetic  needle. 

Magneto-electric    appara- 
tus. 

Magneto-electric  machine. 

Magneto  -  electric   tele- 
graph. 

Magnetograph. 

Magnetometer. 

Manipulator. 

Mariner's  compass. 

Meteorometer. 

Multiplier. 

Negative. 

Organ.     Electric 

Pan  telegraph. 

Paragrandme. 

Paragrele. 

Pendulum.     Electric 

Pile. 

Polarized  armature. 

Pole. 

Positive. 

Prime-conductor. 

Receiving-magnet. 

Reel-telegraph. 

Relay-magnet. 

Repeater. 

Resistance-box. 

Resistance-coil. 

Rheometer. 

Rheomotor. 

Rhpophone. 

RheoRcope. 

Rheostat. 

Rheotome. 

Rheotrope. 

Rubber. 

Ruhmkorff  battery. 

Sideroscope. 

Signal-box. 

Sounder. 

Submarine-cable. 

Switch. 

Telegraph    (varieties,   see 
Teleouaph). 

Telegraph-cable. 

Tf'legraph-clock. 

Telegraphic  si^al. 

Telegraph  -indicator. 

Telegraph-instrument. 

Telegraph-key. 

Telegraph-wire. 

Terminal. 

Thermo-electric  pile. 

Torsion-balance. 

Torsion-electrometer. 

Trough. 

Unit-jar. 

Variation-compass. 

Volta-electrometer. 

Voltaic  battery. 

Voltaic  light. 

Voltaic  pile. 


Voltameter. 
Voltaplast. 


Voltaty^je. 
Zambonis-pile. 


B-leo'trlo  A-lann'.  An  instnunent,  otherwise 
known  as  a  thermostcU,  used  for  giving  an  alarm 
when  the  temperature  rises  to  a  point  at  which  the 
instrument  comnletes  the  circuit.  This  is  used  ip 
stoves  and  hot-houses,  to  indicate  excess  or  lack  of 
temperature,  and  as  a  maximum  thermometer-alamm 
or  nre-alarm,  which  is  made  bv  carrying  one  plati- 
num wire  in  connection  with  a  battery  and  bell  into 
the  bulb  of  a  mercurial  thermometer,  and  another 
wire  down  the  tube  to  the  degree  it  is  not  desired  to 
exceed.  When  the  mercury  rises  to  this  point,  the 
circuit  is  completetl,  and  notice  is  given  by  the  ring- 
ing of  the  bell.  One  form  of  the  minimum  temper- 
ature alarm  consists  of  a  spirit  -  thermometer,  the 
bulb  of  which  is  placed  above  and  the  tube  curved 
in  a  U'S^t^pc*  ^  platinum  wire  is  carried  into  the 
bulb  and  down  to  the  degree  of  heat  it  is  wished  to 
notify.  Below  this  minimum  the  curvature  is  filled 
with  mercury,  which  is  in  free  communication  with 
a  second  platinum  wire.  As  the  alcohol  contracts 
with  the  cold,  the  mercury  will,  of  course,  rise,  and, 
reaching  the  first  platinum  wire,  complete  the  circuit 
and  give  the  warning.  One  bell  and  the  same  bat- 
tery will  serve  for  the  two  thermometers  ;  but  it  will 
be  necessary  to  interpose  a  commutator  to  ascertain 
through  which  circuit  the  current  is  passing,  and 
whether  a  rise  or  fall  is  indicated  when  the  oell  is 
run^. 

Fire-alarms  constructed  on  the  same  principle  are 
placed  in  different  apartments  of  a  building,  the  in- 
creased temperature  in  that  where  fire  happens  to 
first  break  out  expands  a  wire  or  column  of  mercury*, 
which,  by  completing  a  circuit,  sounds  an  alarm. 
The  most  compact  form  of  the  thermostat  is  that 
resembling  the  chronometer-balance.  See  Thekmo- 
8TAT ;  Fire-alarm. 

B-leo^trl-oal  Ma*cbine'.  An  apparatus  for  gen- 
erating, or  rather  collecting  or  exciting,  electricity 
by  means  of  friction. 

The  Greeks  were  aware  that  amber,  when  rubbed, 
acquired  the  power  of  attracting  and  repelling  light 
bodies ;  and  for  many  ages  this  property  was  sup- 
posed to  be  peculiar  to  amber,  from  the  Greek  name  of 
which  {-flXeKvpof)  the  word  "  electricity  "  was  derived. 
It  was  subseanently  discovered  that  the  aame  effect 
was  produced  by  resinous  substances  rubbed  with 
flannel,  and  by  glass  when  rubbed  with  silk ;  and 
our  readers  may  have  noticed  that  by  stroking  a 
cat's  back  smartly  with  the  hand  in  clear  frosty 
weather,  a  crackling  noise  accompanied  by  a  tin- 
gling sensation  is  produced. 

Substances  in  the  condition  referred  to  are  said  to 
be  electrically  excited.  This  excitement  is  termed 
positive  if  glass  l>e  the  material  employed,  and  nega- 
tive if  resin  be  used  ;  the  kind  of  electricity  devel- 
oped by  each  substance  having  a  tendency  to  attract 
that  derived  from  the  other,  and  to  repel  that  of  the 
same  kind  as  itself.  According  to  the  theory  of  Du- 
fay,  the  two  kinds  were  called  vitreous  and  resinous ; 
the  former  being  derived  from  glass  and  correspond- 
ing to  the  positive  of  Franklin,  and  the  latter  from 
resin,  corresponding  to  the  negative.  It  is  by  the 
latter  terms,  positive  or  + ,  and  negative  or  — ,  that 
the  two  kinds  are  now  universally  known.  See 
suprOf  page  777. 

In  machines  for  developing  frictional  electricity 
in  quantities,  glass  is  the  material  employed,  either 
in  tlie  form  of  a  hollow  cylinder  rounded  at  the  ends 
or  of  a  circular  plate.  These  are  rotated  in  contact 
with  a  leather-covered  cushion,  upon  the  surface  of 
which  a  thin  layer  of  an  amalgam  comfiosed  of  tin. 
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zinc,  and  mercury  is  spread,  and  a  suspended  flap  or 
apron  of  silk. 

Gilbert,  in  1600,  coiyectured  the  fundamental 
identity  of  the  forces  knovTn  as  magnetism  and  elec- 
tricity, and  measured  the  strength  of  the  electricity 
excited  by  rubbing  amber,  glass,  resin,  etc..  His 
electrometer  was  an  iron  needle  poised  on  a  pivt)t. 

Otto  Guericke,  of  Magdeburg,  recognized  phe- 
nomena of  repulsion.  "  He  heard  the  first  sound 
and  saw  the  first  light  in  artificially  excited  elec- 
tricity." Newton  saw  the  first  traces  of  an  "elec- 
tric charge"  in  1675,  in  some  experiment  with  a 
rubbed  plate  of  glass. 

Although  Wall  in  1708,  Gray  in  1734,  and 
Nollet,  conjectured  the  identity  of  frictional  elec- 
tricity and  lightning,  yet  Franklin  was  the  first  to 
attain  the  experimental  certainty  by  his  well-known 
kite  experiment  in  1752. 

Electrical  machines  were  formerly  made  cylindrical, 
but  are  now  more  frequently  made  with  a  circular 
glass  disk  rotated  by  a  hand-crank.  The  glass  passes 
between  rubbing  surfaces,  and  the  electric  current 
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which  is  generated  passes  to  the  conductors  on  each 
edge  of  the  disk,  and  thence  to  the  prime  conductor, 
when  it  passes  to  a  Leyden  jar  or  other  oWect,  as 
may  be  desired.  The  plate-machine  of  the  Univer- 
sity of  Mississippi  has  two  ])lates  each  6  feet  in 
diameter.  One  made  for  the  London  Polytechnic 
Institute  has  a  plate  10  feet  in  diameter  driven  by  a 
steam-engine  of  4-horse  power. 

See  Desohanel's  "Natural  Philosophy,"  Part  III. 
pp.  583-545. 

B-leo'trlc  An-nun'd-a'tor.  A  form  of  an- 
nunciator in  which  a  circuit  wire  is  the  means  of 
shifting  the  shield  covering  the  number  aperture  on 
the  dial,  or  performing  other  duty  to  expose  the 
number  of  the  room.  The  gueaf  in  his  room  tx)uches 
a  stud  upon  the  wall ;  the  circuit  being  made  or 
broken,  the  effect  is  evidence*!  by  the  exposure  of  the 
room  number  in  the  hotel-office.  It  is  an  electro- 
magnetic expeilient  as  a  substitute  for  a  pulling 
wire.     See  Annunciator. 

B-lec'tric  Bal'ance.  An  instrument  for  measur- 
ing the  attractive  or  repulsive  forces  of  electrified 
bodies.     A  form  of  electrometer. 

It  consists  of  a  graduated  arc  a  h  supported  by  a 
projecting  plate  or  brass  which  is  attached  to  the 
perpendicular  column.  A  wheel  rf,  the  axis  of  which 
IS  supported  on  anti-friction  rollers  //,  and  is  con- 
centric with  that  of  the  graduated  arc  a  6,  carries 
an  index  c. 

Over  this  wheel,  in  a  groove  on  its  circumference, 
passes  a  line,  to  one  end  of  which  is  attached  a  light 
tall  of  gilt  wood  g^  and  to  the  other  a  float  1 1,  which 
consists  of  a  glass  tube  about  two  tenths  of  an  inch 


in  diameter,  terminating  in  a  Fig.  18S9. 

small  bulb  /  at  its  lower  end, 
which  contains  a  small  portion 
of  mercury  or  some  very  fine  : 
shot,  put  into  it  for  the  pur-  ^ 
pose  of  adjusting  the  instru- 
ment,  so  that  the  index  c 
may  point  to  the  zero  division 
or  center  of  the  graduated 
arc.     The  difference  between 
the  weights  of  the  float  when 
in  and  out  of  water  is  known, 
and  the  diameter  of  the  wheel 
carrying  the   index   is  such 
that  a  certain  amount  of  rise 
or  fall  of  the  float  causes  the 
index  to  move  over  a  certain 
number  of  graduations  on  the 
arc.     The  Dody  whose  elec- 
tricity is  to  be  measured  is 
presented  at  A,  and  its  attrac-         EUetrie  Bakmce. 
tive  or  i-epulsive  power  on  the 
ball  g  is  estimated  by  the  rising  or  falling  of  the 
float  in  the  fluid,  and  consequent  motion  of  the  in- 
dex c,  as  shown  by  the  giaduated  arc. 

When  the  attractive  force  of  the  two  bodies  is  to 
be  estimated,  the  line  passing  over  the  wheel  d  must 
be  formed  of  two  paits,  the  lower  part  being  of 
silver  thread  and  the  remainder  of  silk  ;  when  their 
repulsive  force  is  to  be  estimated,  the  whole  is  of 
silk.     See  Elkctrometer  ;  Galvanometer. 

B-leo'trio  Baf  ter-y.  A  series  of  Leyden  jaiT* 
having  all  their  interior  and  exterior  coated  surfaces 
connected  with  each  other  by  means  of  conductors, 
so  that  the  accumulated  electricity  of  the  whole  may 
be  made  to  act  together,  resembling  the  effects  of 
lightning  itself. 

A  large  battery  of  this  kind  is  capable  of  polariz- 
ing bars  of  iron  or  steel,  and  instantaneously  melt- 
ing iron  or  tin  wire  into  globules,  which  are  dis- 
persed in  all  directions,  the  fusion  of  the  latter 
metal  being  accompanied  by  a  cloud  of  blue  smoke, 
a  dazzling  flash,  and  a  loud  rejiort.  Small  animals 
are  killea  by  it,  and  a  violent  shock  given  to  the 
human  system.     See  Leyj>en-jar. 

B-leo'trio  Bridge.  {Electricity.)  A  term  ap- 
plied to  an  arrangement  of  electrical  circuits  used 
for  measuring  the  resistance  of  an  element  of  the 
circuit.  The  most  generally  known  and  used  are 
the  Wheatstone  "bridge  "or  "balance,"  and  that 
of  the  British  Association.  Tlie  former  in  sub- 
stantial respects  is  adopted  in  the  Siemen's  uni- 
versal gal- 
vanometer. Fig.  1840. 
in  such  gen- 
eral use. 

The  prin- 
ciple  in- 
volved is  that 
an  electrical 
circuit  being 
divided  into 
two    branch-  Eketrie  Bridge. 

circuits,  and 

again  united,  and  the  branches  "bridged"  or  con- 
nected by  a  "short  cut,"  if  the  resistances  in  the 
branches  on  one  side  of  the  "bridge"  are  in  the 
same  ratio  to  each  other  as  the  resistances  on  the 
other  side,  no  current  will  traverse  the  "bridge  "  ; 
if  the  ratios  are  not  equal,  a  current  will  travei-se 
the  bridge. 

A  A,  metallic  circuit  from  battery  B  divided 
into  branches  1,  2,  and  3,  4,  which  again  unite. 
Calling  resistance  "R,"  when  Rl:R3::R2:R4, 
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an  equilibrium  or  "balance"  is  established,  and 
there  is  no  appreciable  current  in  the  *'  bridge  "aft, 
in  which  is  inserted  the  galvanometer  O, 

In  use,  the  resistance  of  one  of  the  members,  say 
4,  being  kno^'n,  the  unknown  resistance  is  inserted 
in  2  and  its  resistance  calculated  from  the  detlections 
of  the  needle  in  the  galvanometer,  caused  by  the 
current  thrown  through  the  "  bridge."   See  Duplex- 

TELEORAPH. 

E-lec'trio  Ca'ble.    Various  forms  of  telegraph 

cable  for  sub- 
Fig.  184L  marine  uses 
liave  been  pro- 
posed. That 
between  Eng- 
land and  Ire- 
land is  com- 
posed of  a  single 
Electric  CaUe.  copper  wire 
covered  with 
gutta-percha,  surrounded  by  hempen  yam,  and  the 
whole  protected  by  ten  No.  8  iron  wires  twisted. 
That  between  Dover  and  Calais  ha^i  four  copper 
wires  covered  with  gutta-]>ereha  twisted  into  a  rope, 
and  protected  in  similar  manner.  It  weighs  seven, 
«md  the  Irish  two,  tons  to  the  mile.  The  first 
Atlantic  cable  was  composed  of  seven  No.  22  copper 
wires,  covered  with  gutta-percha,  hempen  yam,  and 
an  outside  coating  of  iron  wire.  This  weighed  19 
cwt.  to  the  mile.  The  cut  shows  a  cable  with  coils 
diversely  twisted.     See  Telegraph  Cable. 

B-leo'taio  Clock.  A  dial  with  hands  and  going- 
train  impelled  by  recurrent  impulses  from  an  electro- 
magnet. The  first  known  clock  of  this  kind  was 
invented  by  Wheatstone  and  exhibited  by  him  in 
1840.  Appold,  Bain,  Shepherd,  and  others  have 
contrived  clocks  on  the  same  principle.  See  Elec- 
tro-magnetic Clock. 

E-leo'trio  Bs-oape'ment  A  device  actuated 
by  electric  impulse  which  intennittingly  an'ests  the 
motion  of  the  scApe-wheel  and  restiuins  the  train  to 
a  pulsative  motion,  —  acting,  in  fact,  in  the  place  of 
a  pendulum.  An  electric  pendulum  at  a  central 
station  may  be  the  regulator  of  numerous  distant 
clocks  with  electric  escapements,  with  each  of  which 
it  is  connected  by  circuit  or  circuits.  In  some  cases 
the  device  has  alternately  a  detent  and  impulse 
action,  and  is  the  motor  as  well  as  regulator. 

Devices  in  which  a  train  is  set  in  motion,  or  a 
machine  started  or  8topi)ed,  are  not  strictly  e8cai>e- 
nirtnts,  but  may  be  cx)nsidered  as  electrical -governors 
or  ekdriea^-reguhitors. 

In  that  illustrated,  tiie  lever  L  an<l  its  correspond- 
ing one  on  the  opix>site  side, 
Fig.  1342.  not     shown,    are    caused    to 

vibrate  to  the  action  of  the 
circuit ;  the^e  cause  the  anchor- 
shaped  piece  L'  T  T  to  strike 
alternately  against  each  of  the 
pallets  P  Fj  which  are  fastened 
by  springs,  and  yield  in  either 
\  direction,  so  as  to  alternately 
retain  and  release  the  scape- 
wheel  ly. 

B-lec'tiio  Fuse.  A  device 

u.sed  in  blasting  to  explode  the 

charge.     The  fulminate  or  the 

yj    chai-ge    itself   is    lighted    by 

means  of  an  electric  spark  or 

a    resistance    section   of    fine 

platinum  wire,  which  is  heated 

Eleetric  Escapement,      to  fedness  by  the  pas.sage  of 

an  electric  current  induced  by 

a  voltciic  or  magneto-electric  battery.     See  Fuse. 


B-leo^trio  Gk>v'em-or.  One  in  which  a  part 
of  a  fly-wheel,  say  a  segment  of  the  rim,  is  mad!e  to 
move  radially  outward  when  the  wheel  revolves  at  a 
i-ate  alx)ve  a  preappointed  speed,  and  thereby  comes 
in  contact  with  a  metallic  tongue  completing  an 
electric  connection,  which  is  utilized  to  move  a  but- 
terfly-valve or  otlier  device  which  concerns  the  trana- 
mis.sion  of  power. 

Governor- balls  flying  out  to  a  certain  distance  may 
make  or  break  an  electric  connection  to  produce  the 
same  result,  or  sound  an  alarm. 

Electro-magnetic  action  is  also  used  to  start  and 
stop  machines,  and  operate  stop-motiqns. 

B-leo'trio  Har-poon'.  An  application  of  the 
electric  force  to  the  explosion  of  a  bursting-charge 
in  a  harpoon  or  Ijomb-lance.  A  copper  wire  is  car- 
ried through  the  line,  and,  when  a  circuit  is  estab- 
lished by  the  harpooner,  a  resistance-section  in  the 
fuse  of  the  bomb-lance  ignites  the  chai^ge.  See  Uak- 
pooN  ;  Bomb-lance, 

B-lec'tric  Heat'er.  A  device  in  which  a  fine 
platinum  wire  heated  by  a  pas.sing  electric  current  is 
made  to  communicate  sen.sible  heat  as  a  means  of 
warming  or  burning,  as  the  ca.se  may  be.  It  has 
been  used  as  a  local  cautery,  has  been  suggested  for 
amputating,  and  for  some  other  purpose,  which  it 
would  excite  a  smile  to  name. 

It  is  a  lower  application  of  the  same  principle  as 
is  developed  in  the  electric  licht  ;  a  body  of  rela- 
tively great  resistance  is  included  in  a  circuit,  and, 
failing  to  carry  the  electricity,  a  part  of  the  latter 
takes  the  foraiof  heat. 

B-lec^tric  He'liJL  A  coil  of  copper  wire  around 
a  bar  of  soft  iren  ;  the  coil  forms  part  of  an  electric 
circuit,  and  confers  polarity  upon  the  iron.  The 
two  constitut<*  an  electro- magnet. 

Xi-leo'trio  In'di-oa'tor.  The  apparatus  shown 
in  Fig.  1843  is  for  indit^ating  electro-magnetic  cur- 

Fig.  1S43 


Electric  Indicator. 

rents,  and  consists  of  a  wheel  having  figures  upon 
its  periphery  tumeil  by  a  star- wheel  iT^  upon  its  shaft 
The  star-wheel  isactuated  by  pawls/JATA;  connected 
with  armature  levera  G  GT^  turning  one  cog,  equal  to 
one  figure,  at  each  completion  of  the  circuit  through 
one  of  the  spool-magnets  P  P.  The  two  magnets  are 
arranged  to  cause  opposite  rotation,  and  either  may 
be  connected  with  the  operating-key  by  a  switch. 
The  circuit  passes  through  the  axis  of  the  key  and 
through  numbered  buttons  upon  a  disk.  The  key 
being  brought  in  conta<it  with  a  button  causes  ou^ 
movement  of  the  numbered  wheel,  and  each  time 
the  key  comes  in  contact  with  a  button  the  wheel  is 
moved  one  figure,  and  no  more. 

B-leo'trlo  Lamp.  A  box  or  case  provided  with 
an  electric  lightinjj-apparatus.   See  Electric  Ligut; 

B-leo'tric  Ught.    An  intense  light  generate<i  by 
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passing  an  electric  current  between  two  pieces  of 
charcoal  fixed  at  the  positive  and  negative  ends  of 
the  circuit. 

The  electricity  developed  may  be  either  derived 
from  voltaic  action  or  from  magnets  in  connection 
with  a  series  of  helixes  an-anged  on  a  rotating  wheel, 
the  latter  source  being  preferred  for  practical  appli- 
cation to  illuminating  purposes. 

The  lights  of  the  natural  lanterns  carried  by  fire- 
flies, glow-worms,  and  some  species  of  nocturnal 
moths,  may  be  considered  ns  e^ectiic  lights.  Though 
classed  as  phosphorescent,  some  of  them  are  inter- 
mittent, and  we  suppose  the  nervous  action  by 
which  they  are  flashed  into  brilliancy  to  be  in  the 
nature  of  what  we  call  a  voltaic  impulse  from  the 
battery,  —  the  brain. 

The  electric  light  was  first  brought  into  notice  in 
1846.   The  patent  of  Greener  and  Staite  of  that  year 
embraced  an  arrangement  whereby  small  lumps  of 
pure  carbon,  inclosed  in  air-tight  vessels,  were  ren- 
dered     luminous 
V\g  1844.  by     currents     of 

galvanic  elec- 
tricity.  Two 
small  cylinders  or 
bits  of  pure  car- 
bon were  placed 
nearly  in  contact 
with  their  pf^nts 
toward  each 
other,  and  main- 
tained at  a  con- 
stantly equal  dis- 
tance apart  by 
means  of  clock- 
work, which 
slowly  advanced 
them  as  they 
were  consumed 
by  combustion. 
Through  these 
the  current  of  a 
galvanic  battery 
was  transmitted, 
so  that  the  circuit 
would  not  be 
complete  without 
traversing  the 
small  space  be- 
tween the  points 
of  the  two  pieces 
of  carbon  ;  this 
generated  an  in- 
tense heat  at  this 
spot,  causing  the 
combustion  of  the 
carbon,  which 
was  accompanied 
by  an  extremely 
brilliant  light. 
Electric  Light  The    chief   prac- 

tical difficulty 
was  found  to  be  in  maintaining  the  points  at  such  a 
distance  from  each  other  as  to  i-ender  the  light  con- 
tinuous instead  of  intermittent. 

This  is  now  effected  by  means  of  an  electro-mag- 
net and  a  clock  movement,  the  duty  of  the  latter 
being  to  bring  the  two  points  together  as  they  are 
gradually  worn  away  by  the  passage  of  the  electric 
current,  while  the  former  checks  the  clock  action 
when  not  required.  The  positive  carbon  pencil  is 
found  to  wear  much  more  rapidly  than  the  negative  ; 
and  in  order  to  maintain  the  point  where  the  light 
is  produced  at  a  uniform  elevation,  the  cord  by 


fe^ 


which  each  point  is  advanced  is  caused  to  pass 
around  a  barrel,  larger  for  the  positive  and  smaller 
for  the  negative,  so  as  to  take  up  unequal  quantities 
of  cord. 

When  the  battery  employed  is  very  powerful,  the 
electricity  between  the  points  assumes  the  form  of 
an  arc  of  dazzling  brilliancy.  With  600  Bunsen's 
cells  arranged  consecutively,  an  arc  7.8  inches  in 
length  was  obtained  ;  and  when  the  600  cells  were 
arranged  in  six  parallel  series,  a  still  morc  powerful 
light  was  produced. 

According  to  Fizeau  and  Foucault,  the  intensity 
of  the  electric  light  with  a  battery  of  46  pairs  of 
Bunsen  burnei-s  was  235,  that  of  the  sun  being  taken 
at  1,000,  while  with  80  pairs  it  was  but  288. 

During  the  excavation  of  the  docks  at  Cherbourg 
two  apparatus  of  this  kind  were  employed,  main- 
tained by  a  single  battery  of  50  paira  of  Bunsen, 
affording  sufficient  light  for  800  workmen. 

The  magneto -electric  light  was  apjilied  for  illumi- 
nating the  lighthouse  at  Dungeness,  England,  in 
1862,  and  was  introduced  at  La  H^ve,  France,  a 
year  or  two  later.  The  machines  employed  at  each 
are  verv  similar  in  construction  and  entirely  so  in 
principle,  the  English  apparatus  being  arranged 
after  tne  following  manner  :  — 

Eighty-eight  iDobbins  or  coils  of  copper  wire  are 
wound  about  an  equal  number  of  cores  of  soft  iron, 
and  arranged  in  two  jmrallel  rings,  forty-four  in 
each  ring,  at  the  circumference  of  a  wheel  5  feet  in 
diameter,  their  axes  being  parallel  to  that  of  the 
wheel.  The  axes  of  each  set  are  place<l  midway  be- 
tween those  of  the  other.  Sixty-six  powerful  horse- 
shoe magnets  are  firmly  fixed  in  three  rings  exterior 
to  the  wheel  and  parallel  to  each  other,  twenty-two 
in  each  ring,  their  poles  being  in  the  planes  of  their 
respective  rings,  and  distant  from  each  other  a  space 
equal  to  that  which  se^mrates  the  centers  of  the 
bobbins. 

The  magnets  of  the  several  rings  are  similarly 
situated  upon  the  circumference,  their  poles  being 
alternate  ;  but  the  poles  of  those  in  the  inner  and 
outer  rings  face  contrary  poles  in  the  central  ring. 

As  the  wheel  is  turned,  which  is  effected  by  con- 
nection from  a  steam-engine  working  at  a  power  of 
one  and  a  half  to  two  horses,  the  cores  with  their 
bobbins  pass  between  the  successive  poles  of  the 
fixed  magnets,  and  as  the  spaces  between  the  bob- 
bins are  equal  to  those  between  the  poles  of  the 
magnets,  all  the  bobbins  of  one  ring  pass  the  poles 
simultaneously ;  but  as  these  are  arranged  inter- 
mediately between  those  of  the  other  ring,  it  follows 
that  while  one  set  of  bobbins  is  pa.ssing  the  poles 
the  other  set  is  half-way  between  them  ;  thus  alter- 
nate currents  of  oppasite  character  are  generated  in 
each  set  of  bobbins,  the  polarity  being  changed  at 
the  moment  of  polar  passage,  .so  that  while  the  cur- 
rent in  one  set  of  boobins  is  in  the  middle  of  its 
flow  the  other  undergoes  a  sudden  reversal. 

By  means,  however,  of  **  commutators,"  all  the 
successively  opposite  current??  are  turned  in  the  same 
direction  in  the  circuit  which  conveys  the  electricity 
to  the  carbon  points ;  any  fluctuations  in  the 
strength  of  the  currents  are  thus  compensated  so  as 
to  render  the  resulting  intensity  very  nearly  con- 
stant. The  velocity  of  rotation  imparted  to  the 
wheel  is  about  110  turas  per  minute,  causing  nearly 
10,000  changes  of  polarity  in  that  time.  The  in- 
tensity of  the  light  produced  depends  on  the  velocity 
of  rotation,  being  comparatively  feeble  at  a  slow 
speed  and  increasing  up  to  a  cei'tain  point,  when  an 
acceleration  of  the  velocity  seems  rather  to  diminish 
than  increase  the  light. 

In   the  French  machine,  sixty-four  bobbins  are 
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arranged  in  four  sets,  and  revolve  between  five  sets 
of  magnets,  eight  in  a  set.  They  are  so  an*anged  as 
to  pass  the  poles  of  the  magnets  simultancuusly, 
and  a  commutator  Is  dispensed  with.  This  arrange- 
ment, by  making  each  of  the  carbon  points  alter- 
nately the  positive  and  negative  poles  ol  the  circuit, 
insures  their  equal  wear,  and  permits  the  use  of  a 
simpler  apparatus  for  maintaining  a  uniform  dis- 
tance between  them. 

The  apparatus  actually  employed  at  I^a  Heve 
lighthouse  comprised  two  of  tlie  above  machines, 
each  driven  by  a  separate  engine,  affording  a  light 
equivalent  to  3,500  Cai-eel  burners,  or  more  than 
six  times  that  of  an  oil  light  of  a  similar  class.  Its 
fog-penetrating  power  is  said  to  be  very  superior  to 
that  of  the  latter. 

In  Browning's  electric  light,  worked  by  a  battery 
of  six  Grove  cells,  the 
Pig.  134fl.  principle  adopted  is  to 

let  the  carbon  points 
touch  each  other,  and  to 
clamp  them  in  that  posi- 
tion, so  that  the  current 
has  to  burn  an  interval 
between  the  two  points 
for  itself.  In  the  ac- 
companying cut,  Z>  is  a 
brass  rod  carrying  the 

Iujiper  carbon  point,  and 
sliding  easily  m  its  ver- 
tical bearings  by  its  own 
weight.  Directly  the 
upper  point  touches  the 
lower  one,  the  current  is 
established,  and  the  little 
electro-magnet  A  at  once 
pulls  down  its  armature, 
which  clamps  the  upper 
brass  rod  at  B.  Directly 
the  current  is  broken  by 
Brovming^s  Eleetrie  Light.  the  wasting  away  of  the 
carbons,  the  electro-mag- 
not  A  ceases  to  hold  the  brass  rod,  which  then  falls, 
and  re-establishes  the  communication. 

Professor  Tvndal,  in  his  experiments,  concealexl  the 
electric  light  in  what  he  termed  a  dark-box,  in  order 
that  all  the  issuing  beams  may  be  emitted  at  one 
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oiifice,  and  the  experiments  be  the  more  vivid  in  the 
absence  of  diffused  light  in  the  room.  I  is  the  elec- 
tric lamp,  the  rays  of  which  are  focused  at  any  de- 
sired point.  The  apparatus  is  adapteil  for  a  large 
i-ange  of  experiments,  but  in  the  figure  is  sho\i^  with 
Tyndal's  rayifiiter  c,  in  which  the  luminous  rays  are 
filtered  out  by  passing  the  beam  through  an  opatjue 
solution  of  iodine  in  bisulphide  of  carbon,  while  the 
invisible  heating  or  ultra-red  rays  are  transmitted. 
A  current  of  cool  water  circulates  in  the  jacket  on 
the  outside  of  the  cell  to  keep  the  volatile  bisulphide 
cool,  p  rejire^ents  a  piece  of  blackened  platinum 
held  in  the  focus  of  the  mirror  to  be  heated  to  red- 
ness by  the  invisible  heat-rays,  althdugh  no  l^ht 
passes  out  through  the  solution. 

The  electiic  light  on  the  Victoria  tower  of  the 
British  Houses  of  Parliament  at  Westminster  is  gen- 
erated by  a  Gramme  magneto-electnc  machine, 
driven  by  an  engine  in  a  vault  of  the  House  of 
Commons,  and  connected  with  the  signaling- point 
by  two  copper  wires  half  an  inch  in  diameter  and 
900  feet  long.  The  machine  consists  of  a  permanent 
horseshoe-magnet,  between  the  poles  of  which  re- 
volves an  electro-magnet,  consisting  of  a  ring  of  soft 
iron  round  which  is  wound  an  insulated  conducting 
wire,  continuous,  but  disposed  in  sections.  The  light 
apparatus  is  placed  within  a  lantern  5  feet  high,  4 
feet  wide,  and  having  a  semicircular  glass  front,  and 
the  light  may  be  directed  in  a  horizontal  arc  of  180^ 
Two  lamps  are  used  alternately,  the  carlion -points 
lasting  four  hours.     Expense,  twenty  cents  per  hour. 

E-lec'txic  Log.  An  electric  circuit  through  the 
log-line  to  the  detent  of  an  escapement  in  the  regis- 
ter-log, 80  that  by  touching  a  key  on  deck  a  circuit 
may  be  completed,  an  armature  attracted,  and  thus 
the  stai-ting  and  stopping  of  the  mechanical  register 
ill  the  log  be  exactly  timed.     See  Log. 

E-leo'trio  Loom.  In  1852  an  electric  loom  was 
exhibited  by  Bonelli  at  Turin.  The  invention  was 
at  that  time  in  a  crude  state,  but  has  since  been 
much  improved.  The  object  is  to  disi)ense  with  the 
perforated  cards  required  in  the  Jacquard  apparatus. 
For  this  purpose,  an  endless  band  of  paper  covered 
with  tin-foil  is  used,  on  which  the  required  pattern 
is  traced  with  a  varnish,  rendering  the  ^larts  tiius 
covered  nonconducting. 

This  band  is  caused  to  pass  under  a  series  of  thin 
metallic  teeth,  each  connected  with  a  small  electro- 
magnet, which  operate  a  series  of  pistons  that  open 
or  close  the  holes  in  a  perforated  metallic  plate  (an- 
swering to  the  Jacquam  card),  through  which  pass 
the  needles  governing  the  hooks  by  which  the  warp- 
threads  are  nfted  or  let  fall,  according  as  the  electro- 
magnets are  in  action  by  contact  of  the  teeth  with 
the  metallic  surface  of  the  band,  or  'inoperative  by 
contact  with  the  varnish. 

Xi-lec'trio  Me'ter.    See  Electrometer  ;  Ei.ec- 

TR08C0PE. 

E-lec'taic  Pen'du-lum.  The  ordinary  element 
of  an  electric  clock.  A  point  below  the  lx)b  of  the 
pendulum  passes  through  a  globule  of  mercury,  the 
time  of  contact  being  indicated  on  a  traveling  fillet 
of  paper.  In  another  form  the  bob  comes  in  contact, 
at  the  limit  of  each  stroke,  with  a  delicate  spring, 
which  makes  the  electric  connection. 

Besides  its  use  as  a  chronograph  for  recording  at- 
mospheric, astronomical,  and  other  observations,  it 
is  also  employed  to  secure  isochronous  beats  of  dis- 
tant pendulums.  A  mode  of  keeping  distant  chro- 
nometers in  exact  simnltaneous  pulsation  by  which 
longitude  may  be  exactly  determined  ;  the  invention 
of  Dr.  John  Locke  of  Cincinnati. 

E-lec'tric  Pl-a'no.  One  provided  with  a  series 
of  electro-magnets,  each  corresponding  to  a  key  of 
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the  instrument,  the  armatures  of  which  are  caused 
to  strike  the  keys  when  the  circuit  is  closed.  This 
may  be  effected  Dy  means  of  perforated  cards  through 
which  pins  are  caused  to  pass  and  again  retmcted  in 
any  required  sequence,  after  the  manner  of  the  Jac- 
quard  apparatus.  The  device  may  be  connected  with 
a  number  of  instruments  at  great  distances  apart,  so 
that  they  may  be  caused  to  play  the  same  tune  si- 
multaneously. 

In  1868,  a  contrivance  on  this  principle  for  play- 
ing the  oi^n  was  exhibited  in  London.  It  was  op- 
erated by  means  of  a  keyboard,  and  by  enabling  the 
performer  to  be  placed  at  some  distance  from  the  in- 
strument it  was  claimed  that  he  was  better  able  to 
judge  of  its  tones,  so  as  to  play  with  more  effect. 

&leo'tric  Rail'way-slg'naL  A  device  for 
communicating  messages  or  warnings  as  to  the  place 
or  condition  of  a  train  on  the  track,  in  regard  to 
stations  left  or  approached,  or  to  other  trains  on  the 
same  line. 

1.  An  automatic  signal  operated  by  jbhe  wheel  on 
the  track  to  indicate  the  passage  of  a  given  point  by 
a  train,  to  signal  the  approach  to  a  crossing  in  ad- 
vance ;  or  to  the  rear,  to  show  the  distance  of  a  pre- 
ceding train  ;  or  to  signal  to  a  station  the  position 
of  trains  on  a  track. 

2.  To  enable  an  operator  on  a  car  to  communicate 
with  a  station  at  a  distance,  or  with  an  observer  or 
operator  on  another  train  on 'the  same  line. 

3.  To  communicate  between  parts  of  the  same 
train,  as  between  the  conductor  and  engineer,  etc. 

E-lec'trio  Reg'u-la'tor.  A  device  by  which 
an  electro-magnetic  circuit  is  made  the  means  of 
reaching  a  machine  to  stop  it  or  start  it.  The  appli- 
cations are  numerous  and  various. 

In  gas-lighting  by  electricity,  the  gas-cock  at  a 
distance  is  turned  by  a  succession'  of  impulses  derived 
from  a  battery,  communicated  through  a  wire  cir- 
cuit, and  imparted  to  an  armature  connected  with 
the  plug  or  valve. 

As  a  means  of  controlling  machinery  at  a  distance, 
the  electric  circuit,  by  its  magnetic  powor,  affords 
means  for  putting  a  detent  hito  action  or  removing  it. 

Stop  motions  in  machinery  are  also  made  effective 
by  electric  connection,  as,  for  instance,  in  spinning 
and  knitting  machines,  when  the  breaking  of  a 
thread  allows  a  metallic 


Fig  1847. 
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ju-m  to  drop,  and  this 
comes  in  contact  with  a 
tongue,  and  makes  a  con- 
nection which  turns  a 
I  "and  on  to  a  loose  pul- 
1  -y  or  otherwise. 

E-lec'trio    Sig'nal. 
On*'  in  which  visual,  pal- 
lable,  or  audible  signals, 
by  simple  or  repetitive 
sounds  or  by  code,  are 
conveyed  by  electric  in- 
lluence.     The  motion  of 
liell- hammers,  of  flags, 
index-fingers,    or    sema-  j 
l)horic  arms  may  be  held 
as  included  in  this  defini- 
tion, which  thus  covers  I 
telegraphing  and  signal-  j 
ing  hy  electric  circuit. 

By  a  not  distant  con- ' 
i:ection,     storm  -  signals  | 
and  time-balls  of  observ- 
atories may  be  held  as 
included. 

B-leo'tiic    Steam- 
gage.      A    steam-boiler 


attachment,  in  which  the  rise  of  the  mercuiy  under 
pressure  of  steam  is  indicated  by  means  of  electric 
connection  to  the  dial.  In  the  example,  the  gal- 
vanic battery  and  index  are  connected  with  the  mer- 
cury column  by  means  of  insulated  points  on  the 
tube,  so  that  tne  index  will  signal  each  successive 
pouud  of  pressure  upon  the  dial,  which  has  corre- 
sponding points.  The  completion  of  the  circuit  also 
sounds  an  alarm  by  attracting  the  armature  on  the 
hammer-shaft. 

B-lec'tric  S'witoh.  A  device  for  interrupting 
or  dividing  one  circuit  and  transferring  the  cun-ent 
or  a  part  of  it  to  another  circuit.  See  Switch.  A 
commulato7\  See  Culley's  *•  Handbook  of  Teleg- 
raphy," I^ndon,  1870,  pp.  199  -  203. 

B-lec'trlo  TeFe-graph.  That  form  of  electric 
signaling  apparatus  in  which  an  insulated  wire  ex- 
cited by  fhctional  electricity  is  —  or  rather  was  — 
used  to  convey  messages  by  sparks  or  shocks.  For 
notices  of  early  observations,  see  Electuical  App.\- 

RATUS. 

Gray,  in  1729,  experimented  with  conductors  ; 
Nollet  soon  afterwards  sent  a  shock  along  a  line  of 
men  and  wires  900  toises  in  length  ;  Watson,  the 
learned  Bishop  of  Llandoff,  in  1745,  sent  a  shock 
through  12,000  feet  of  wire,  and  proved  that  it  was 
practically  instantaneous  throughout  its  length.  He 
signaled  an  observer  by  this  means. 

A  writer  in  the  "  Scots'  Magazine,"  in  1753,  pro- 
]X)sed  a  series  of  wires  from  the  ends  of  which  were 
to  be  suspended  light  balls  marked  with  the  lettei-s 
of  the  alphabet,  or  bells  which  were  to  be  moved  by 
an  electric  current  directed  to  the  appropriate  wire. 

Lesage,  at  Geneva,  in  1774,  actually  constructed 
a  telegranh  arranged  in  this  manner,  the  end  of  each 
wire  having  a  pith-ball  electroscope  attached. 

Lamond,  in  1787,  employed  a  single  wire,  em- 
ploying an  electrical  machine  and  electroscope  in 
each  of  two  rooms,  and  thus  talking  with  Madame 
Lamond  by  the  peculiar  movements-of  the  pith-balls 
according  to  an  agreed  code  ;  and  Reusser,  in  1794, 
proposed  the  employment  of  letters  formed  by  spaces 
cut  out  of  parallel  strips  of  tin-foil  ]»a8ted  on  sheets 
of  glass,  which  would  appear  luminous  on  the  jias- 
sage  of  the  electric  spark. 

In  1795,  Cavallo  proposed  to  transmit  letters  and 
numbers  by  a  combination  of  sparks  and  pauses. 

Don  Silva,  in  Spain,  appears  to  have  previously 
suggested  a  similar  process.  See  Electuical  Ap- 
paratus. 

In  1816,  Mr.  Ronalds  experimented  with  a  fric- 
tional  electricity  telegrajih  at  Hammersmith.  The 
current  had  to  pass  through  eight  miles  of  wire,  and 
the  signals  were  made  by  means  of  light  pith-balls. 
The  reading  was  effected  by  dials  at  each  station 
having  a  synchronous  movement  derived  from  clock- 
work. Upon  their  cireumferences  the  letters  of  the 
alphabet  were  engraved,  and  a  screen  with  a  hole 
cut  through  it  was  arranged  at  each  end  of  the  line, 
so  that  only  one  letter  should  be  visible  at  a  time. 
The  operator  at  the  transmitting  station  waited  until 
the  letter  he  wanted  came  opjwsite  the  hole  in  the 
screen  and  then  made  the  signal,  causing  the  diver- 
gence of  the  pith-balls  at  the  instant  that  the  same 
letter  became  visible  to  the  observer  at  the  other 
station  through  the  aperture  in  his  screen. 

Betancourt,  in  1 796,  constructed  a  single-line  tele- 
graph between  Madrid  and  Aranjuez,  a  distance  of 
twenty-seven  miles,  in  which  the  electricity  was 
fumisned  by  a  battery  of  Leyden  jars,  and  the  read- 
ing effected  by  the  divergence  of  pith-balls. 

It  was  not,  however,  until  the  discoveries  of 
Volta,  Galvani,  Oersted,  Ampere,  Faraday,  and 
Henry  elucidated  the  properties  of  electricity  de- 
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veloped  by  the  voltaic  battery,  that  a  practical,  con- 
tinuously working  instrument  was  feasible.  Follow- 
ing these  discoveries  came  the  practical  instruments 
and  codes  of  the  no  less  illustrious  Morse,  Wheat- 
stone,  and  othere.  See  Voltaic  Pile  ;  Galvanic 
Battery  ;  Electro-magnetic  Telegraph. 

B-lec^trio  Time-balL  A  balloon  of  canvas 
suspended  on  a  mast,  and  dropped  at  an  exact  time 
every  day  by  means  of  an  electric  circuit  operated 
by  an  observer  whose  eye  is  upon  the  astronomical 
clock,  and  hand  upon  the  telegraph -key. 

E-lec'tiio  Torch.  A  gas-lighter  operating  by 
electric  action.     An  electropfiortis. 

B-leo'tiic  Wand.  An  electrophorus  in  the  shape 
of  a  baton.     S^e  Electrophorus. 

B-leo'trio  Watch-olook.  A  watchman's  time- 
detector,  in  which  a  patrol  touches  a  stud  at  such 
times  during  the  night  as  may  indicate  his  presence 
at  that  spot  at  the  appointed  hour.  Toucning  the 
stud  completes  an  electric  connection  and  makes  a 
mark  upon  a  traveling  time-paper. 

B-leo'trio  Weigh'ing-ap'pa-ra'tos.  An  at- 
tachment to  a  scale  which  comes  in  as  an  auxiliary 
to  the  eye  in  detecting  the  turn  of  the  scale.  The 
poise  is  shifted  out  on  the  beam,  and  as  soon  as  it 
feels  the  tendency  to  rise  the  circuit  is  completed, 
and  the  point  at  which  the  jwise  stopped  is  indicated. 

B-leo'trio  "Wlial'ing-ap'pa-ra'tuB.  A  means 
whereby  a  bursting-charge  in  a  hariK>on  may  be  ex- 
ploded.    See  Electric  Harpoon. 

B-leo'tro-bal-liB'tio  Ap'pa-ra'tua.  An  in- 
strument for  determining  by  electricity  the  velocity 
of  a  projeL'tile  at  any  part  of  its  Hight. 

The  projectile  passes  through  a  wire  screen,  thus 
breaking  a  current  of  electricity,  and  setting  in  mo- 
tion a  pendulum,  which  is  arrested  on  the  passage 
of  the  projectile  through  a  second  screen.  The  dis- 
tance between  the  screens  being  known,  the  arc 
through  which  the  pendulum  vibrates  measures  the 
time  due  to  the  plxyectile's  flight  between  the  screens. 
See  Chronograph  ;  Ballistic  Pendulum. 

B-leo'tro-bal-lis'tio  Pen'du-lum.  Fig.  1848 
1  is  an  elevation  and  2  a  section  of  the  appa- 


Fig.  1848. 
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Eieetro-BaUistie  Pendulum, 


ratns  used  in  the  United  States  Ordnance  Depart- 
ment. The  pendulums  a  h  are  suspended  from  the 
same  axis,  and  ai-e  so  adjusted  that  when  each  is 
brought  to  a  horizontaV  position  at  the  90°  mark  on 
each  side  of  zero  at  the  middle  of  the  arc  e  and  let 
fall,  they  will  meet  precisely  at  the  center.  The  bob 
of  the  inner  pendulum  h  is  provided  with  a  marking 
point,  the  outer  end  of  which  is  struck  by  a  blunt 
projection  on  the  outer  pendulum  a,  when  the  two 
pass  each  other,  impressing  a  mark  on  a  sheet  of  pa- 
per clamped  to  the  arc.     See  Chronograph. 

E-leo'tro-blasf  ing.  Blasting  by  means  of  an 
electric  or  electro-magnetic  battery,  communicating 
through  connecting  wires  with  the  charges  of  pow- 
der. 

It  was  first  tried  in  blowing  up  the  sunken  hull 
of  the  "Royal  George,"  in  1839,  by  Colonel  Pasley. 


In  1840  the  plan  was  used  in  Boston  Harbor  by 
Captain  Paris. 

In  1843,  by  Cubitt,  for  overthrowing  a  laige  sec- 
tion of  Round-down  Cliff,  Kent,  England,  in  maJc- 
ing  a  portion  of  the  Southeastern  Railway.  The 
mass  mslodged  weighed  400,000  tons.  See  Blast- 
ing. 

B-lec'tro-oheml-oal  TePe-graph.  A  tele- 
graph which  recoi-ds  signals  upon  paper  imbued  with 
a  chemical  solution,  w-hich  is  discharged  or  caused 
to  change  color  by  electric  action. 

Nicholson  and  Carlisle  discovered,  in  1800,  that 
water  was  decomposed  by  the  voltaic  pile,  hydrogen 
being  evolved  at  the  negative  and  oxygen  at  the  posi- 
tive end  of  the  wire.  Davy,  afterwards  Sir  Humphry 
Davy,  by  the  aid  of  the  apparatus  of  the  Royal  In- 
.stitiition  at  London,  the  most  powerful  then  in  exist- 
ence, proved  by  a  series  of  experiments,  commen- 
cing in  1801,  that  many  substances  hitherto  consid- 
erea  as  elementary  bodies  coiUd  be  decomposed  by 
voltaic  actiqn,  and  succeeded  in  1807  in  resolving 
the  fixed  alkalies  soda  and  potash.  Faraday,  1838, 
besides  his  extensive  additions  to  the  science  of 
electro-magnetism,  established  the  fact  that  the 
chemical  power  of  a  cuiTent  of  electricity  is  in  direct 
proportion  to  the  absolute  quantity  of  electricity 
which  passes ;  and  farther  proved  tnat  the  quanti- 
ties required  for  decomfiosing  compound  bodies  were 
proportional  to  the  atomic  weights  of  Dalton. 

Bain's  telegraph  (1846)  was  the  first  in  which 
these  scientific  facts  were  so  applied  as  to  lead  to 
any  practical  result. 

In  this,  a  solution  of  ferro-cyanide  of  potassium  in 
water,  to  which  are  added  two  parts  of  nitric  acid  and 
two  of  water,  is  employed.  .  With  this  long  strips  of 
paper  are  saturated,  which  being  drawn  between  a 
metallic  roller  and"  stylus  operated  by  means  usual 
in  electro-telegraphy, — dispensing,  however,  with  re- 
lay-magnets, — dots  and  dashes  are  produced,  as  in  the 
Moi-se  system.  These  appear  of  a  blue  color,  in  con- 
sequence of  the  ferro-cyanide  of  potassium  being  con- 
verted into  cyanide  of  iron  by  electric  action  and 
contact  of  the  iron  stylus  with  the  paper. 

Bakewell  subsequently  improved  the  construction 
of  this  instrument,  and  added  an  electro-magnetic 
governor,  to  obtain  synchronism  in  the  movements 
of  the  apimratus  at  the  two  ends  of  the  line. 

Gintl,  a  German,  in  his  method,  also  dispenses 
with  the  relay,  and  records  messages  by  the  line-cur- 
rent direct.  He  prepares  his  paper  with  a  solution 
of  one  part  iodide  potassium  and  twenty  starch- (mste 
in  forty  parts  of  water.  The  iodine  being  set  free 
colors  the  starch  blue. 

Bonelli's  telegraph  (1860)  recx>rds  a  fac-simile  of  the 
transmitted  message  on  mechanically  prepared  paper. 
The  message  is  set  up  in  type,  which  are  arrangea  in 
a  box  at  one  side  of  a  carriage  that  traverses  from  end 
to  end  of  a  table,  and  passes  back  and  forth  under  a 
bridge  placed  transversely  thereto.  The  typo  occupy 
the  lower  left-hand  side  of  the  carriage,  and  at  tne 
upper  right-hand  side  is  placed  a  atrip  of  the  paper. 
Immediately  over  the  type  are  live  movable  teeth, 
insulated  from  each  other  and  connected  by  five 
wires  with  a  similar  number  of  styles  at  the  receiv- 
ing  apparatus.  As  the  carria|;e  with  the  types  face 
upwards  comes  under  the  bndge,  the  teeth  come 
lightly  in  contact  with  their  raised  portions,  closing 
the  circuit  so  long  as  the  metallic  contact  lasts. 
Thus  letter  after  letter  is  transmitted.  On  the  ri^ht 
side  of  the  bridge  is  a  writing-comb  composed  of  hve 
teeth  made  of  platinum-iridium  alloy,  which  is  not 
subject  to  corrosion,  insulated  from  each  other  and 
pressing  lightly  on  the  paper  strip  beneath.  This 
would  produce,  if  each  tooth  were  simultaneou^y 
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trayersed  by  the  electric  current,  five  parallel  lines 
on  the  paper  ;  but  as  the  current  only  passes  to  each 
during  t^e  time  when  some  portion  of  a  tjrpe  is  be- 
neath the  corresponding  tooth  of  the  type-comb  at 
the  sending  station,  they  only  produce  lines  at  such 
intervals  and  of  such  length  as  are  determined  by 
the  form  of  the  type ;  cavities  in  the  letters  and 
spaces  between  letters  and  words  being  represented 
by  the  discontinuation  of  one  or  more  of  the  lines. 

The  wagon  is  moved  by  a  cord  and  weight,  and  is 
secured  at  one  end  of  the  carriage  by  a  hook,  which 
is  released  by  an  electro-magnet  when  a  current  is 
sent  over  the  wires. 

Those  at  each  end  of  the  line  are  adjusted  to  trav- 
erse their  respective  carriages  in  equal  or  nearly 
equal  times.  ' 

The  paper  intended  for  receiving  |>ermanent  print- 
ing is  prepared  by  beine  saturated  in  a  solution  of 
nitrate  of  manganese,  which,  under  the  action  of  the 
current,  leaves  a  light  brown  mark.  Fugitive  print- 
ing, as  for  the  press,  is  done  on  paper  prepared  with 
iodide  of  potassium,  which  affords  at  first  an  iodine 
color,  but  is  liable  to  fade. 

It  is  said  that  a  speed  of  SOO  in  permanent,  and 
of  1200  words  in  fugitive,  printing  per  minute  is 
attainable  by  this  apparatus.  See  £lbctro-mag- 
NETio  Telkoraph  :  Autographic  Telegraph. 

B-lec'tro-ohron'o-graph.  An  instrument  used 
for  recording  time  and  occurrences  in  the  instant 
and  order  of  their  time,  as  in  noting  transits  in  ob- 
servatories. A  paper  r  "ked  for  seconds  is  placed 
on  the  surface  of  a  revolving  drum,  over  which  is  a 
stylus  operated  by  electro- magnetic  action  when 
the  circuit  is  closed  by  the  telegraph  key  in  the  hand 
of  the  operator,  who  is  also  the  observer  at  the 
transit  instrument.  A  mark  is  thus  made  on  the 
time-paper  at  the  instant  of  the  occurrence  of  the 
transit. 

B-leo'trode.  Either  of  the  poles  of  the  voltaic 
circle.  The  positive,  -I- ,  electrode  is  the  anotle  ;  the 
negative,  - ,  the  cathode.    The  terms  are  Faraday's. 

B-lec'tro-dy-nam'io  En'gine.  An  engine  in 
which  a  dynamic  effect  is  produced  by  the  evolution 
of  an  electric  current,  by  voltaic  battery  or  otherwise. 
See  Elkctro-maonetic  Machine. 

B-leo'tro-en-grav'ing.  Engraving  executed 
by  means  of  electricity.     A  form  of  etching. 

B-lec'tro-etch'ing.  A  process  for  biting-in  an 
engraving  by  attaching  it  to  the  copper  of  the  bat- 
tery in  an  electro- bath.  The  plate  is  covered  with 
a  ground  and  etched  in  the  usual  manner ;  being 
immersed  for  a  while  in  the  bath,  it  is  withdrawn 
and  the  fine  lines  stopped-oiU  ;  a  second  immersion 
deepens  the  lines  and  makes  the  next  tint,  and  so  on. 

B-leo'tro-^d'ing.  A  thin  deposition  of  gold 
by  voltaic  action  on  an  object  placed  in  a  bath  of  a 
salt  of  the  metal.     See  Electro-plating. 

E-leotro-lyte.  The  compound  in  the  electro- 
plating bath  which  is  decomposed  by  the  electric 
action. 

B-leo'tro-mag'net  A  bar  of  soft  iron  rendered 
temporarily  magnetic  by  the  passage  of  a  current  of 
electricity  through  a  coil  of  wire  by  which  the  bar 
is  surrounded. 

The  electro-magnet  of  the  Stevens  Institute  of 
Technology  weighs  in  all  about  1,600  pounds  ;  eight 
brass  spools,  each  of  which  is  wound  with  272  coils 
of  copper  wire  insulated  with  kerite.  The  hollow 
spools  contain  con»  of  Norway  iron,  four  to  each 
core.  The  lifting-force  of  the  magnet  is  from  thirty 
to  fifty  tons. 

B-leo'tro-mag-net'io  A-larxn'.  One  which  is 
brought  into  action  by  the  closing  an  electro-mag- 
netic circuit.     This  may  be  a  burglar-alarm  in  which 


the  opening  of  a  door  or  window  is  made  to  close  a 
circuit  mechanically ;  or  it  may  be  a  fire-alarm  in 
which  the  lengthening  of  a  rod  or  a  change  in  its 
shape  is  made  to  close  a  circuit.  In  some  cases,  a 
column  of  mercury  is  expanded  by  the  heat  and  thus 
completes  the  circuit,  the  coil  b  attracting  the  arma- 
ture and  releasing  the  detent  of  the  wheel  k,  which 
is  then  revolved  by  the  weight  i  and  cord  A,  and 
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vibrates  the  hammer-shaft,  delivering  a  blow  upon 
the  bell.  By  this  means  the  hammer  may  be  made 
to  give  a  repetitive  alarm,  like  that  of  a  clock,  as  a 
warning,  or  the  instrument  may  be  used  as  a  si^j^l, 
each  closing  of  the  circuit  by  means  of  a  key  giving 
a  single  blow.     See  Firr- alarm. 

Xi-iec'tro-niag-net'io  Clock.  These  clocks  are 
of  two  kinds  :  — 

Those  in  which  the  motive-power  is  derived  from 
electric  action.     Invented  by  Wheatstone. 

Those  which  are  operated  by  the  usual  means, 
but  are  made  the  medium  by  mechanical  devices  of 
driving  or  regulating  other  clocks  to  which  they 
are  connected  by  an  electric  circuit. 

1.  In  Bain's  clock  the  pendulum,  at  each  vibra- 
tion, moves  a  light  slide  by  which  the  electric  cir- 
cuit is  alternately  completed  and  broken,  and  by 
which  magnettsm  is  alternately  conferred  upon  and 
abstracted  from  a  coil  inclosed  in  a  heavy  hollow 
brass  case  which  constitutes  the  bob  of  the  pendu- 
lum. On  either  side  of  the  pendulum  are  the  poles 
of  two  permanent  magnets,  which  alternately  attract 
and  repel  the  coil  of  the  bob,  according  to  its  mag- 
netized or  demagnetized  condition. 

A  clock  of  this  kind  has  been  kept  in  motion  by 
electric  currents  derived  from  a  zinc  plate  buried  in 
damp  earth. 

Shepherd's  electro-magnetic  clock  was  shown  at 
the  London  Exposition,  1851.  In  this  clock  electro- 
magnetism  is  the  sole  motor  in  moving  the  pendu- 
lum, driving  the  train,  and  running  the  striking- 
works,  no  weights  or  auxiliary  springs  being  em- 
ployed. 

The  pendulum  in  its  oscillations  makes  and  breaks 
an  electric  circuit,  which  alternately  magnetizes  and. 
demagnetizes  a  horseshoe-magnet,  which  in  its  active 
condition  attracts  an  artnature  and  raises  a  lever 
which  is  caught  by  a  detent-latch.    On  the  break- 
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ing  of  the  circuit,  the  ammture  is  released,  the  latch 
lined,  and  the  weighted  lever  strikes  the  pendulum 
to  ^ve  an  adequate  impulse  to  maintain  its  motion. 
This  is  repeated  at  each  oscillation. 

Besides  the  circuit  just  described,  which  maintains 
its  own  action,  the  pendulum  makes  and  unmakes 
another  circuit  which  actuates  a  ratchet-wheel,  propel- 
ling it  at  the  rate  of  a  tooth  to  each  second,  the  axis 
of  this  ratchet-wheel  operating  the  remainder  of  the 
train. 

The  circuit  of  the  striking  part  is  only  completed 
once  in  an  hour,  and  operates  an  armature  to  pull 
the  ratchet-wheel  attached  to  the  notched  striking- 
wheel  one  tooth  forward  every  two  seconds,  and 
each  tooth  is  accompanied  by  a  blow  on  an  electro- 
magnetic bell.  The  number  of  blows  depends  upon 
the  notched  wheel,  the  spaces  in  the  circumference 
of  which  are  adapted  to  the  number  to  be  struck  ; 
and  when  this  is  complete,  a  lever  falls  into  the 
notch,  and  in  so  doing  cuts  off  the  electric  circuit 
till  the  recurrent  period  again  stirs  the  striking-parts 
into  activity. 

^  2.  The  other  form  of  electro-magnetic  clock  is  de- 
seed to  obtain  isochronous  action  amon^  a  number 
of  clocks  in  different  portions  of  a  building  or  a 
town. 

Fixed  upon  the  arbor  or  axis  of  the  second- wheel 
of  a  clock  is  a  wheel  of  metal,  the  circumference  of 
which  is  divided  into  sixty  alternating  divisions  of 
metal  and  of  ivory,  the  former  beins  a  conductor 
and  the  latter  a  nonconductor  of  electricity.  A 
small  platinum  peg  is  kept  in  contact  with  this 
divided  edge,  so  as,  by  the  revolution  of  the  wheel, 
to  be  alternately  in  contact  with  the  conducting  and 
nonconducting  surfaces,  and  so  connected  with  a 
voltaic  series  as  to  alternately  admit  and  resist  the 
passage  of  an  electric  current. 

The  electric  circuit  thus  becoming  pnlsative  is 
caused  by  local  magnets  and  aimatures  to  actuate 
an  apparatus  stationed  at  any  point  to  which  the 
wires  may  be  carried,  giving  motion  to  a  wheel  and 
axle,  and  causing  it  to  revolve  so  as  to  indicate 
seconds,  and  the  other  motion-work  of  a  clock. 

By  this  means  isochronous  pulsations  of  seconds 
are  maintained  at  all  the  points  connected  with  the 
regulator,  and  thus  perfect  uniformity  is  established 
at  all  the  clocks  of  a  city,  capitol,  or  private  estab- 
lishment. 

Dr.  Ijocke  of  Cincinnati,  about  1848,  invented 
the  method  of  obtaining  isochronous  vibration  of 
pendulums  by  electric  con nection.  Congress  awarded 
tiim  a  premium  of  %  10,000  for  the  invention,  de- 
signing to  use  it  in  astronomical  researches  and  de- 
termining longitudes. 

Xi-leo'tro-mag-nef  io  Ihi'gina  The  action  of 
a  current  of  electricity  converts  a  piece  of  soft  bar- 
iron  into  a  magnet,  and  the  breaking  of  the  circuit 
restores  the  iron  to  an  inert  condition.  This  transi- 
tion—  alternate  excitement  and  prostration  —  has 
been  frequently  utilized  to  confer  a  pulsative  move- 
ment upon  an  armature,  whose  motion  in  one  direc- 
tion is  obtained  by  the  attraction  of  the  magnet  and 
the  reflex  action  by  a  spring  or  weight  in  the  inter- 
vals of  electric  excitement  of  the  iron. 

So  far  the  chronicler  has  little  to  record  of  valua- 
ble effect  derived  from  this  engine,  though  its  power 
is  demonstrable.  At  present  the  authorities  declare 
it  is  resolved  into  a  question  of  the  relative  costs  of 
adnc  and  coal.  The  case  is  thus  stated  in  the 
"  American  Artisan  "  :  — 

"The  chemical  action  in  the  galvanic  battery  is 
the  source  of  power  in  electro-magnetic  engines,  just 
as  the  rapid  chemical  action  caUed  combustion  in 
the  furnace  of  a  steam-engine  is  the  source  of  power 


there.  Chemical  affinity,  or  the  tendency  of  two 
bodies  to  combine  chemically,  is  a  sort  of  potential 
eneigy  which,  when  the  substances  actually  do  com- 
bine, is  replaced  by  actual  eneigy  in  the  form  of 
heat  or  of  current  electricity,  or  of  both  combined  ; 
and  this  may  be  converted  into  mechanical  energy. 
In  a  Daniells  battery,  the  liquid  in  the  cells  being 
a  solution  of  a  sulphate  of  copper  in  water,  the  totiu 
heat  produced  by  the  solution  of  one  pound  of  zinc 
is  3,006  thermal  units  ;  2,342  being  produced  by  the 
oxidation  of  the  zinc,  and  664  being  produced  by  the 
combination  of  the  oxide  of  zinc  uith  sulphuric  acid. 
The  total  heat  consumed  is  1,419  thermal  units  ;  627 
being  consumed  in  decomposing  sulphate  of  oxide  of 
copper,  and  1,060  being  consumed  in  decomposing 
the  oxide  of  copper.  Tne  total  quantity  of  heat  de- 
veloped is,  therefore,  3,006  less  1,587,  equal  to  1,419 
thermal  units  ;  and  this  quantity  multiplied  by  772 
foot-pounds,  the  mechanical  equivalent  of  heat,  gives 
1,095,468  foot-pounds  for  the  amount  of  energy  de- 
veloped by  the  solution  of  one  pound  of  zinc  in  a 
Darnells  battery.  This  is  less  than  the  total  energy 
developed  by  the  combustion  of  one  pound  of  car- 
bon. In  a  Smee*s  battery,  the  liquid  in  the  cells 
being  dilute  sulphuric  acid,  the  heat  produced  by 
the  combination  of  one  pound  of  zinc  with  oxygen 
and  sulphuric  acid  is,  as  oefore,  3,006  thermal  units, 
and  the  total  heat  consumed  is  2,106  thermal  units  ; 
about  200  being  consumed  in  separating  water  from 
sulphuric  acid,  and  1,906  being  consumed  in  decom- 
posing water.  The  total  amount  of  heat  developed, 
therefore,  is  3,206  less  2,106,  equal  to  900  thermal 
units,  which  are  equivalent  to  694,800  foot-pounds 
of  mechanical  energy  derived  from  the  solution  of 
one  pound  of  zinc  in  a  Smee's  battery.  This  is  about 
one  sixteenth  part  of  the  eneigy  developed  by  burn- 
ing one  pound  of  carbon.  It  is  certain  that  the 
e0ciency  can  be  made  to '  approximate  much  more 
nearly  to  wiity,  the  limit  of  perfection,  in  electro- 
magnetic engines  than  in  steam-engines.  At  pres- 
ent, however,  the  ratio  of  their  efficiencies  can  only 
be  roughly  estimated  ;  and  it  may  be  considered  as 
a  favorable  view  toward  electro-miignetic  engines  to 
estimate  their  greatest  possible  efficiency  as  four  times 
that  of  the  best  steam-engines.  Taking  this  into 
account  along  with  the  previous  calculations,  and 
it  appears  that  the  work  performed  per  pound  of 
zinc  may  be  estimated  at  four  tenths  of  the  work  per 
pound  of  carbon  in  steam-engines  when  the  solution 
used  in  the  cells  of  the  battery  is  sulphate  of  copper  ; 
and  at  four  sixteenths,  or  one  fourth,  of  the  work 
per  pound  of  carbon  in  steam-engines  when  dilute 
sulphuric  acid  is  used  in  the  cells  of  the  battery. 

'*  Before,  therefore,  electro-magnetic  engines  can 
become  equally  economical  with  heat  engines  as  to 
cost  of  working,  their  working  expense  per  pound  of 
zinc  consumed  must  fall  until  it  is  from  four  tenths 
to  one  quarter  of  the  working  expense  of  one  of  tlie 
most  economical  steam-engines  p«rpound  of  carbon 
or  of  coal  eouivalent  to  carbon.  The  price  of  zinc, 
however,  being  so  much  greater  than  tnat  of  coal,  it 
is  evident  from  these  facts  and  calculations  that  elec- 
tro-magnetic engines  never  can  come  into  general 
use  except  in  cases  where  the  power  required  is  so 
small  that  the  cost  of  material  consumed  is  of  no 
practical  importance,  and  the  situation  of  the  ma- 
chinery is  such  as  to  make  it  very  desirable  to  have 
a  prime  mover  without  a  furnace. ' 

According  to  Mr.  Joule,  the  consumption  of  a 
grain  of  zinc,  though  forty  times  more  costly  than 
a  grain  of  coal,  produces  only  about  one  eighth  of 
the  same  mechanical  effect. 

Cazal's  electro-magnetic  machine  resembles  a  f^- 
wheel,  being  a  thick  disk  of  soft  iron  cut  into  the 
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shape  of  a  gear-wheel  and  having  a  circuraferential 
groove  wound  vdth  insulated  wire,  whose  ends  are 
soldered  to  insulated  thimbles,  which,  by  means 
of  tangent  springs,  introduce  the  battery  current. 
Surrounding  this  magnetic  wheel  is  a  fixed,  heavy 
iron  ring  insulated  on  its  interior  surface  in  a  man- 
ner to  present  elevations  corresponding  to  the  teeth 
of  the  wheel.  When  the  teeth  of  the  wheel  pass 
before  the  prominences  of  the  ring,  there  is  a  near 
approach  to  contact,  and  the  attraction  is  strong. 
The  attractions  are  balanced  when  the  teeth  are 
midway.  At  the  moment  of  nearest  approach  the 
current  is  arrested  ;  it  is  renewed  when  the  teeth 
are  midway  ;  the  momentum  of  the  wheel  carries  it 
over  the  point  of  equal  attractions. 

The  Birmingham  Company's  (English)  electro- 
motor has  four  sets  of  fixed  electro-magnets  of  the 
horseshoe  form,  two  sets  at  each  end  of  an  oscillat- 
ing beam  by  which  the  power  is  to  be  utilized.  The 
magnets  of  each  set  are  arranged  in  two  tiera,  one 
above  the  other.  The  armatures  of  these  several 
magnets  are  carried  by  rods  depending  from  the 
ends  of  the  beam  ;  but  the  rods  pass  freely  through 
these  armatures  without  bein^  fastened  to  them. 
When,  therefore,  an  armature,  m  the  descent  of  the 
rod,  comes  into  contact  with  the  magnet  to  which  it 
belongs,  the  rod  continues  its  motion  and  leaves  the 
armature  resting  there.  In  the  return  motion  the 
rod  lifts  the  armature  again,  by  means  of  a  collar  or 
enlargement  which  has  been  given  to  it  at  the  place 
intended. 

In  the  action  of  the  machine,  the  battery  current 
actuates  the  magnets  on  the  side  of  the  descent, 
while  on  the  other  side  the  current  is  cut  off.  The 
machine  acts,  therefore,  only  by  attraction.  As  the 
annatures  approach  their  magnets  successively,  it 
happens  that  whenever  one  becomes  inefficient,  by 
coming  into  contact  with*  its  magnet,  the  next  will 
be  in  position  to  exert  a  very  hi^h  attractive  force, 
and  tnis  force  increases  until  this  next  makes  con- 
tact with  its  magnet  in  like  manner. 

KravogVs  electro-magnetic  engine  is  a  heavy 
wrought-iron  wheel  rotated  by  the  creeping  up  in- 
side it  of  a  permanent  magnet,  which  displaces  the 
center  of  gravity,  and  by  the  preponderance  of  the 
side  rotates  the  wheel. 

Another  form  of  the  engine  has  two  powerful 
helixes  of  insulate<l  copper  wire,  within  which  are 
two  heavy  cylinders  of  soft  iron  counterbalanced  on 
the  ends  of  a  beam,  like  the  working  beam  of  a 
steam-engine.  Bv  the  working  of  an  eccentric  on 
the  main  or  fly-wheel  shaft  these  insulated  helixes 
are  alternately  connected  and  disconnet^ted  with  the 
opposite  sides  of  a  ^Ivanic  battery  so  as  to  mag- 
netize and  demagnetize  alternately  the  two  helixes, 
and  so  drawing  first  one  and  then  the  other  of  the 
soft  bar-iron  cylinders  into  them  with  a  force  of 
many  hundred  pounds.  In  some  machines  of  this 
description  lO-horse  power  has  been  obtained. 

Page's  reciprocating  engine  (Fig.  1860)  consisted 
of  two  electro-magnets,  the  armatures  of  which  are 
connected  by  a  bar  moving  upon  centers,  the  bar  is 
connected  with  the  beam,  which,  by  means  of  a 
crank,  moves  the  fly-wheel ;  by  means  of  a  break- 
piece  upon  the  axle  of  the  fly-wheel,  the  current  is 
alternately  passed  through  the  two  magnets. 

A  double-beam  engine  of  similar  construction, 
operated  by  two  pairs  of  electro-magnets,  has  also 
been  made. 

About  1849,  Professor  Pace  propelled  a  car  on  the- 
track  of  the  Baltimore  and  Washington  Railroad 
from  Washington  to  Bladensburg,  a  distance  of  six 
miles,  and  back,  by  means  of  an  engine  of  his  in- 
vention, attaining  a  speed  of  nineteen  miles  an  hour. 


Various  forms  of  electro-magnetic  engines  have 
also  been  invented  by  Wheatstone,  Talbot,  Hearder, 
Hjorth,  and  othera.  Professor  Jacobi  of  St.  Peters- 
burg, in  1838  -  39,  succeeded  in  propelling  a  boat 
upon  the  Neva  at  the  rate  of  four  miles  an  nour,  by 
means  of  a  machine  on  this  principle.  The  boat 
was  28  feet  long,  about  7  feet  wide,  drew  about  3 
feet  water.  The  battery  used  consisted  of  sixty-four 
paira  of  plates,  and  propelled  the  boat  by  paddle- 
wheels.  He  also  applied  his  engine  to  working 
machinery,  but  without  decided  success. 

In  1842,  Davidson  constructed  an  electro-magnetic 
locomotive-engine  which  attained  a  speed  of  about 
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four  miles  an  hour  on  the  Edinburgh  and  Gla.sgow 
Railway. 

E-lec'tro-^mag-nef  io  Ma-ohine'.  See  Elec- 
tro-magnetic Engine. 

B-lec'tro-mag-net'ic  Reg'u-la-tor.  A  device 
for  maintaining  an  even  heat  in  an  apartment,  a 
bath,  or  a  fuiuace.     See  Thermostat. 

E-leo'tro-msLg-net/ic  Tel'e-graph.  A  signal- 
ing, writing,  printing,  or  recording  apparatus  in 
which  the  impulses  proceed  from  a  magnetic  force 
developed  by  voltaic  electricity.  A  mass  of  soft  iron 
is  rendered  temporarily  magnetic  by  the  passage  of 
a  current  of  electricity  through  a  surrounding  coil 
of  wire.  It  differs  from  the  electric  telegraph  prop- 
erly considered,  and  also,  specifically,  from  the 
Magneto-electric  Telegraph  (which  see).  See 
also  list  under  Telegraph. 

Three  discoveries  necessarilv  preceded  the  inven- 
tion of  the  electro-magnetic  telegraph  :  the  properties 
of  the  magnet,  the  modes  of  developing  frictional 
electricity,  and  voltaic  electricity.  Tne  earlier  elec- 
tric telegraphs  were  all  what  their  name  implies,  and 
not  electro-magnetic.    See  Electric  Telegraph. 

To  save  repetition,  reference  is  here  made  to  Mag- 
net, Electricity,  Electric  Telegraph,  Voltaic 
Pile,  Galvanic  Battery,  for  the  precedent  dis- 
coveries and  inventions  which  are  the  foundation  of 
the  electro-magnetic  telegraph. 

In  1808,  Sommering  de.scribed  a  system  invented 
by  him,  baaed  upon  the  decomposition  of  water  by 
the  voltaic  pile,  embracing  a  number  of  wires  equal 
to  that  of  tne  alphabet  and  the  numerals,  and  lead- 
ing into  glass  tubes  containing  water,  the  bubbles  of 
gas  from  which,  when  the  electric  fluid  was  con- 
ducted into  them,  sen'ed  as  signals. 

Professor  Coxe,  of  Pennsylvania,  about  the  same 
time  suggested  telegraphing  by  means  of  the  decom- 
position of  metallic  salts. 

Oersted,  in  1820,  after  many  years'  research  into 
the  action  of  the  voltaic  current  on  magnets,  an- 
nounced the  fact  that  the  magnetic  needle  was  de- 
flected by  such  current,  exhibiting  a  tendency  to 
place  itself  at  right  angles  to  the  wire  through 
which  the  current  passes ;  and  Faraday  discovered 
in  1821  that  the  magnet  would  revolve  about  the 
conducting  wire,  or  the  latter  about  the  magnet. 


Digitized  by 


Google 


ELECTRO-MAGNETIC  TELEGRAPH. 


788 


ELECTRO-MAGNETIC  TELEGRAPH. 


The  experiments  of  Oersted,  farther  extended  by 
Ampere,  and  the  discovery  by  Faraday  that  mag- 
ifetisin  was  induced  in  a  bar  of  soft  iron  under  the 
influence  of  a  voltaic  circuit,  led  the  way  to  the  in- 
vention of  the  first  really  convenient  and  practical 
system  of  electro-telegraphy. 

In  1825,  Mr.  Sturgeon,  of  London,  discovered 
that  a  soft  iron  bar,  surrounded  by  a  helix  of  wire, 
through  which  a  voltaic  current  is  passed,  becomes 
magnetized,  and  continues  so  as  long  as  the  current 
is  passing  through  the  wire. 

In  1832,  Baron  Schilling  constructed  a  model  of 
a  telegraph  which  was  to  give  signals  by  the  deflec- 
tion of  a  needle  to  the  right  or  left. 

One  great  practical  difficulty  was  still  to  be  over- 
come, the  resistance  of  the  transmitting  wire  to  the 
comparatively  feeble  current  engendered  by  the  vol- 
taic battery. 

This  was  conquered  by  Professor  Joseph  Henry, 
now  secretary  of  the  Smithsonian  Institution  at 
Washington,  who,  in  1831,  invented  the  form  of 
magnet  now  generally  used  for  telegraphic  purposes, 
ana  discovered  the  principle  of  **  combination  of 
circuits^  constitutinff  the  important  invention  of 
receiving-magnet^  ana  the  rday  or  local  battery,  ab 
they  are  familiarly  known  in  connection  with  Morse's 
telegraph.  The  effect  of  a  combination  of  circuits 
is  to  enable  a  weak  or  exhausted  current  to  bring 
into  action  and  substitute  for  itself  a  fresh  and 
powerful  one.  This  is  an  essential  condition  to  ob- 
taining useful  mechanical  results  from  electricity 
itself,  where  a  long  circuit  of  conductors  is  used. 
—  Prescott,  History  of  the  Electric  Telegraph. 

In  1832,  Professor  Morse  began  to  devote  his  at- 
tention to  the  subject  of  telegraphy ;  and  in  that 
year,  while  on  his  passage  home  from  Europe,  in- 
vented the  form  of  telegmph  since  so  well  Known 
as  **  Morse's." 

A  short  line  worked  on  his  plan  was  set  up  in 
1835,  though  it  was  not  until  June  20,  1840,  that 
he  obtained  his  first  patent,  and  nearly  four  years 
elapsed  before  means  could  be  procured,  which  were 
finally  granted  by  the  government  of  the  United 
States,  to  test  its  practical  working  over  a  line  of  any 
length  ;  though  he  had  as  early  as  1837  endeavored 
to  induce  Congress  to  appropriate  a  sum  of  money 
sufficient  to  construct  a  line  between  Washington 
and  Baltimore. 

Professor  Morse  deserves  high  honor  for  the  ingen- 
ious manner  in  which  he  availed  himself  of  scientific 
discoveries  previously  made  by  others,  for  many  im- 
portant discoveries  of  his  own,  and  for  the  courage 
and  perseverance  which  he  manifested,  in  endeavor- 
ing to  render  his  system  of  practical  utility  to  man- 
kind by  bringing  it  prominently  to  the  notice  of  the 
public  ;  and  ne  uvea  to  sec  it  adopted  in  its  essential 
features  throughout  the  civilized  world. 

In  the  mean  while  Gauss  and  Weber,  and  after 
th^m  Steinheil,  in  Germany,  were  at  work,  and  con- 
structed a  short  line  between  the  Royal  Academy  at 
Munich  and  the  observatory  ;  this,  by  means  of 
right  and  left  hand  deflet^tion-needles,  was  caused  to 
print  dots  on  a  continuous  slip  of  paper,  moved  by 
clock-work. 

While  making  experiments  in  connection  with 
this  work,  Steinheil  made  the  important  discovery 
that  the  earth  might  be  used  as  a  part  of  the  circuit, 
thus  enabling  him  to  dispense  with  one  half  the 
length  of  wire  which  was  thought  requisite. 

The  attention  of  Wheatstone,  in  England,  appears 
to  have  been  drawn  to  the  subject  of  telegraphy  in 
1884. 

Morse's  first  idea  was  to  emnloy  chemical  agencies 
for  recording  the  signals,  but  he  subsequently  aban- 


doned this  for  an  apparatus  which  simply  marked 
on  strips  of  paper  the  dots  and  dashes  com|H)6ing  his 
alphabet.  The  paper  itself  is  now  generally  di»- 
penseil  with,  at  least  in  this  country,  and  the  signals 
read  by  sound,  —  a  practice  which  conduces  to  accu- 
racy in  transmission,  as  the  ear  is  found  less  liable  to 
mistake  the  duration  and  succession  of  sounds  than 
the  eye  to  read  a  series  of  marks  on  paper. 

Bain,  in  1846,  patented  the  electro-chemical  tele- 
graph which  dispensed  with  the  relay-magnet  at 
intermediate  stations ;  and  subsequently  Gmtl,  in 
Austria,  and  Bonelii,  constructed  telegraphs  of  this 
class,   varying  in  details  from  that  of  Bain.     See 

ElECTUU-OUBMICAL  TELEOKArU. 

Wheatstone's  first  telegraph  comprised  five  point- 
ing needles  and  as  many  line  wires,  requiring  the 
deflection  of  two  of  the  needles  to  indicate  each  letter. 

His  first  dial  instrument  was  patented  in  1840 ; 
modifications  were,  however,  subsequently  made  in 
it.  Tlie  transmission  of  messages  was  effected  by  a 
wheel  having  fifteen  teeth  and  as  many  inter-spaces, 
each  representing  a  letter  of  the  alphabet  or  a 
numeral,  and  thirty  spokes  corresponding  to  these, 
and  forming  a  nart  of  the  line.  The  circuit  was 
closed  by  two  oiametrically  opposite  springs,  so 
arranged  that  when  one  was  in  contact  with  a  tooth 
the  other  was  opposite  a  space,  when  the  transmitter 
was  turned  until  opposite  a  particular  letter,  and 
held  there,  a  continuous  current  being  produced, 
causing  an  index  on  the  indicating  dial  at  the  other 
end  of  the  line,  which  had  thirty  divisions,  corre- 
sponding to  those  of  the  transmitter,  to  turn  until 
it  arriv^  opposite  the  letter  to  be  indicated.  The 
revolution  of  the  index  was  eff*ected  by  clock-work, 
the  escapement  of  which  was  actuated  by  an  electro- 
magnet at  either  end  of  a  pivoted  beam,  the  ends  of 
which  carried  two  soft-iron  armatures.  One  of  the 
line  wires,  as  well  as  one  of  the  contact  springs  of 
the  transmitter,  and  one  of  the  electro-magnets  of 
the  indicator,  was  afterwards  dispensed  with. 

A  magneto-electric  apparatus  was  subeequeutly 
substituted  for  the  voltaic  battery. 

The  single-needle  telegraph  of  Cook  and  Wheat- 
stone  is  caused  to  indicate  tne  letters  and  figures  by 
means  of  the  deflections  to  the  right  or  left  of  a  ver- 
tical pointer  ;  for  instance,  the  letter  A  is  indicated 
by  two  deflections  to  the  left,  N  by  two  deflections  to 
the  right,  I  by  three  consecutive  deflections  to  the 
right,  and  then  one  to  the  left,  and  so  on.  This  is 
extensively  employed  in  Great  Britain  and  in  India. 

The  same  inventors  have  also  contrived  a  double 
needle-telegraph  on  the  same  plan  ;  but  this,  as  it 
requires  two  lines  of  wire,  eacn  needle  bein^  inde- 
]>endent  of  the  other,  though  greatly  increasing  the 
speed  with  which  messages  may  be  transmitted,  has 
not  come  into  general  use. 

Dr.  Siemens,  of  Berlin,  invented  an  apparatus  bv 
which  the  armatnres  of  the  electro-magnets  at  each 
end  of  the  line  were  caused  to  vibrate  synchronously, 
maintaining  the  motion  of  scape-wheels  carrying 
pointers  traversing  a  lettered  dial,  so  that,  the  vibra- 
tions of  either  armature  being  checked,  the  point- 
ers at  either  end  of  the  line  would  simultaneously 
point  to  the  same  letter. 

House,  about  1845,  invented  a  telegraph  which 
printed  the  letters  of  the  Roman  alphabet  on  a  atrip 
of  paper,  and  was  at  one  time  extensively  used  in 
the  United  States.  It  comprised  a  lettered  disk,  op- 
erated in  much  the  same  way  as  that  of  Wheatstone, 
from  keys  arranged  like  those  of  a  piano,  and  a  re- 
ceiving-apparatus, which  included  a  scape-wheel,  an 
anchor  escapement,  controlled  by  the  movements  of 
the  lettered  disk,  and  actuating  a  slide-valve  which 
operated  the  piston  of  a  compressed-air  cylinder  by 
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which  a  wheel  carrying  type  on  its  periphery  was 
turned  so  as  to  present  the  appropriate  letter  indi- 
cated at  the  transmitting  station  to  the  paper  slip 
which  was  by  suitable  mechanism  drawn  to  the 
type-wheel  to  receive  an  impression. 

Professor  Hughes  has  also  invented  a  very  ingen- 
ious printing- telegraph,  de[Mmding  upon  the  syn- 
chronous revolutions  of  two  or  more  type-wheels  at 
different  stations.     See  Piuntino-tklkokaph. 

Various  fonns  of  dials  or  jwinter  telegraphs  have 
been  devised  by  Bregiiet  in  Fnmce,  Siemens  and 
Halske  and  Kramer  in  Germany,  and  various  im- 
provements in  the  details  of  constniction  by  numer- 
ous othei-s  which  the  limits  of  this  article  will  not 
peniiit  us  even  to  refer  to.  See  specific  index  under 
Telegraph. 

B-lec'tro-mag-netlc  Watoh-clock.  An  np- 
paratus  consisting  of  a  magnet,  with  a  recording-dial, 
clo<'k- works,  and  a  signal- be)l ;  from  this  run  wires, 
one  to  each  of  the  banks  or  other  offices  under  giuird 
where  watchmen  are  employed,  whose  duty  it  is  to 
visit  each  bank  at  stated  times  during  the  night  and 
give  signals,  which  are  recorded  on  the  dial  of  the 
clo<;k  in  the  fire-alarm  office,  showing  the  time  that 
the  signal  was  given  from  any  particular  bank  or 
office. 

If  the  signal  is  not  given  within  five  minutes  after 
the  appointed  time,  tlie  man  on  duty  at  the  fire- 
alarm  office  conmuinicates  with  the  office  of  the  su- 
perintendent of  police,  and  an  officer  is  immediately 
des[)atchcd  to  the  point  from  whence  no  signal  has 
been  sent. 

B-lec'tro-medl-oal  Ap'pa-ra'tos.  An  instru- 
ment for  the  treatment  of  diseases  by  electro-mag- 
netism. 

Great  success  in  this  line  was  announced  by  Jo- 
hannes Francisco  Pavate,  at  Venice,  in  1747.  The 
details  of  the  apparatus  employed  by  him  are  not 
known. 

From  that  time  to  the  present  the  treatment  of 
diseases  by  electrical  appliances  has  undergone  its 

Fig.  1861. 


Eieetro-Medieal  Apparatu*. 

vicissitudes  in  public  favor,  becoming  notably  promi- 
nent after  the  discovery  of  voltaic  electricity  and  of 
the  properties  of  electro- magnetism.  The  latter  is 
now  generally  adopted. 

Fig.  1851  shows  a  machine  designed  for  medical 
purposes.  It  is  operated  by  a  single-cell  Daniells 
oattery,  the  current  from  which,  after  passing  through 
a  helix,  is  conducted  by  wires  provided  with  insu- 
lating handles  to  any  part  of  the  person  to  which  it 
is  desired  to  apply  the  treatment. 

In  the  instrument  shown  in  Fig.  1862  two  small 
coils,  connected  with  each  other  and  furnished  with 
a  vibrating  contact-breaker,  are  traversed  by  the 
currents  from  a  small  battery.  The  coils  are  sur- 
rounded by  hollow  cylinders  of  copper  or  brass  in 
which  induced  currents  are  generate.     These  may 
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be  slipjied  on  or  off  the  coils,  Kg  1862. 

to  intensify  or  moderate  the 
strength  of  the  current, 
which  is  directed  by  appro- 
priate wii'es  to  the  parts  un- 
der ti*eatment. 

E-leo-trom'e-ter.  An 
instrument  to  measure  the 
amount  of  an  electrical  force. 

In  Coulomb's  torsion  elec- 
trometer (a)  the  foroe  opposed 
to  that  of  electricity  is  the 
resistance  to  twisting  offered 
by  an  elastic  thread. 

In  Henly's  quadrant  elec- 
trometer {b)  the  electric  force 
is  measured  by  the  amount 
of  repulsion  which  it  pro- 
duces ujwn  a  Tiith-ball  at- 
tached to  a  silK  fiber  sus- 
pended from  the  center  of  a  graduated  arc. 

c  is  the  ffold-leaf  electroscojie.  See  Elkctro- 
6COPE.  Sir  William  Thomson's  and  Varley's  elec- 
trometers are  the  most  delicate  of  all,  and  are  used 
in  reading  the  insulating  power  of  telegraph-cables. 
See  Galvanometer. 

The  strength  of  the  electric  force  excited  by  the 
rubbing  of  glass,  sulphur,  amber,  wax,  i-esin,  etc., 
was  measured  by  Gilbert  by  means  of  an  iron  needle 
(not  very  small)  moving  freely  on  a  point,  versorium 
eleclricum ;  very  siiyilar  to  the  apparatus  employed 
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by  Haiiy  and  Brewster,  in  trying  the  electricity  ex- 
cited in  different  minerals  by  warmth  and  friction. 

B-leo'tro-mo'tor.    An  exciter  of  electric  action. 

An  apparatus  actuated  by  electricity  and  impart- 
ing motion  to  a  machine.  See  Electro-magnetic 
Machine. 

B-lec'tro-neg'a-tive.  Having  the  property  of 
being  attracted  by  an  electro-positive  body,  or  a  ten- 
dency to  pass  to  the  positive  pole  in  electrolysis. 

IS^leo'tro-nome.  A  measurer  of  electricity. 
See  Electrometer. 

E-lec-troph'o-ruB.  An  instrument  invented  by 
Volta,  for  generating  electricity  by  induction,  about 
1776. 

Volta's  electrophorus  {A,  Fig.  1854)  consisted  of 
a  thick  disk  of  i-esin  12  or  15  inches  in  diameter, 
called  the  plate^  resting  on  a  tin  foil  called  the  sole. 
The  plate  has  a  metallic  cover,  insulated  by  a  glass 
handle. 

The  resinous  plate  being  excited  by  rubbing  it 
with  a  warm  and  dry  flannel,  the  metallic  cover  is 
placed  upon  it,  and  a  spark  of  -  electricity  may  be 
drawn  from  it ;  if  it  then  be  raised,  it  affords  a  spark 
of  +  electricity.     On  replacing  the  cover  and  again 
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touching  it,  it  aftbrds  another  spark  of  -  electricity, 
and  so  on. 

It  forms  a  portable  electrifying- machine,  and  is 
used  as  a  cas-lighter  by  developing  a  spark  over  the 
burner,  inflaming  the  issuing  gas. 

The  electrophorus  .5  has  a  metallic  bell  lined  with 
fur  or  wool,  and  a  hard-rubber  handle.  It  has  also 
an  interior  bell  of  hard  rubber  with  a  metallic 
pedestal  and  foot.  The  act  of  raising  the  metallic 
Dell  generates  frictional  electricity,  and  the  bell 
being  brought  into  contact  with  an  insulated  chain 
attached  to  a  burner  develops  a  spark  over  the  lat- 
ter, thus  lighting  the  gas. 

In  the  electric  wand  (7,  the  electricity  is  generated 
by  a  metallic  tube  sliding  in  a  fur-lined  reservoir 
of  hard  rubber,  and  is  applied,  as  the  bell  just  de- 


Fig.  1864. 


brought  forward  specimens  which  were  much  admired 
and  caused  him  to  be  put  in  charge  of  gilding  the 
iron  dome  of  the  Cathedral  of  St.  Isaac  at  St.  Peters- 
burg. This  dome  weighs  about  448,000  pounds,  and 
was  electro-gilded  with  274  itounds  of  ducat  gold. 
The  process,  briefly  described,  is  as  follows  :  — 
The  voltaic  current  employed  is  supplied  by  a  con- 
stant battery,  such  as  Daniells's  or  Hunsen's.  In 
the  simple  form,  the  galvanic  current  is  produced  in 
the  same  vessel  in  which  the  metallic  deposit  is  ef- 
fected. The  outer  vessel  K  of  glass,  stone-ware,  or 
wood,  contains  a  solution  of  the  metallic  salt,  —  say 
sulphate  of  copper.  A  smaller  vessel  P,  of  unglazed 
porcelain,  contains  diluted  sulphuric  acid.  A  plate 
of  zinc  Zt  forming  the  positive  pole,  is  suspended 
in  the  acid  solution  and  connected  with  the  copper 
medals  m  m  by  means  of  a  copper  wire.  Electroly- 
sis ensues,  the  copper  in  the  solution  is  deposited 
on  the  medal  which  forms  the  negative  pole,  and  the 
strength  of  the  solution  is  maintained  by  suspend- 
ing a  ba^  of  crystals  of  sulphate  of  copper  in  the 
bath. 

In  the  compound  form  the  galvanic  current  is  pro- 
duced outside  the  bath  containing  the  solution  to  be 

Fig.  1856 
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scribed,  by  establishing  a  circuit  except  at  a  short 
break  over  which  the  spark  jumps. 
Another  wand  carries  a  Leyden  jar. 
B-lec'tro-pho-to-mi-cog'ra-phy.    The  art  of 
photographing;  objects  as  magnified  by  the  micro- 
scope by  the  help  of  the  electric  light. 

B-lec'tro-plaf  ing;.  A  means  of  covering  a  met- 
al or  a  metallic  surface  by  exposure  in  a  bath  of  a 
solution  of  a  metallic  salt,  which  is  decomposed  by 
electrolytic  action. 

Early  in  the  present  century,  Volta  demonstrated 
that  a  solution  of  a  metallic  salt,  under  the  influence 
of  the  voltaic  pile,  became  immediately  reduced  to 
its  elements,  in  such  a  way  that  the  metal  was  de- 
posited at  the  negative  pole.  This  was  regarded  as 
^n  interesting  fact,  of  some  moment  to  electricians, 
but  not  of  s{)ecial  interest  in  the  arts. 

"  Some  curious  experiments  have  lately  been 
made  by  Mr.  Cruickshank  of  Woolwich.  On  passing 
the  galvanic  influence  by  means  of  two  silver  wires 
through  a  solution  of  nitrat  of  silver,  the  upj)er  wire 
became  oxidated  and  gradually  corroded,  while  at 
the  same  time  a  beautifnl  arborescent  precipitation 
of  metallic  silver  took  place  on  the  lower  wire. 
Acetite  of  lead  and  sulphat  of  copper  were  similarly 
decomposed  and  precipitated  on  the  lower  wire." — 
Monthly  Magazine,  August,  1800. 

In  1801,  Wallaston  demonstrated  that  a  piece  of 
silver  in  connection  with  a  more  positive  metal 
placed  in  a  bath  of  sulphate  of  copper  became  cov- 
ered with  copper  and  would  stand  burnishing. 

It  was  not  until  1838  that  Mr.  S{)encer  gave  it  a 
practical  bearing  by  making  casts  of  coin  and  casts 
in  intaglio  from  the  matrices  thus  formed. 

Professor  Jacobi  of  Dorpat,  in  Russia,  had  been 
an   independent   inventor,   and   in   the   same   year 
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decomposed.  In  this  arrangement  a  current  of  any 
degree  of  strength  may  be  employed,  according  to 
the  size  and  number  of  cells  forming  the  battery. 
A  is  the  battery,  B  the  vessel  into  which  the  solu- 
tion of  the  metal  to  be  deposited  is  placed  ;  the 
molds  are  suspended  from  a  metallic  rod  a  6,  opposite 
to  which  the  plate  f  d\a  hung  ;  copper,  if  the  solu- 
tion is  a  salt  of  that  metal,  will  serve  as  a  soluble 
electrode,  and  vdll  be  dissolved  in  the  same  ratio 
as  the  metal  is  deposited  upon  the  mold.  The 
battery  being  charged, /cf  is  put  into  communication 
with  Uie  copper  pole  ^  by  a  copper  wire,  and  a  ft  is 
put  in  communication  with  the  zinc  pole  Z. 

The  voltaic  current  being  passed  through  the  solu- 
tion of  a  metal,  decomposition  takes  place,  the  metal 
being  electro- positive  attaches  itself  in  a  metallic  state 
to  the  negative  pole  or  to  the  object  attached  there- 
to, —  the  medal,  for  instance,  —  while  the  oxygen  or 
other  electro-negative  element  seeks  the  positive  pole. 

The  arwde  is  the  electrode  placed  at  the  positive 

Sole  of  the  battery,  which  in  the  electro-cnemical 
ecomposition  can  be  dissolved,  or  which,  if  it  be 
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insoluble,  attracts  oxygen  and  acids.  The  cathode 
is  the  electrode  which,  placed  at  the  positive  pole, 
•  receives  the  metallic  deposit,  or  attracts  hydrogen 
and  alkalies. 

If  the  article  to  be  coated  be  a  medal  or  other  ob- 
ject which  is  a  c6nductor  of  electricity,  the  deposit 
will  be  made  directly  upon  it ;  but  if  it  be  an  en- 
gravv>d  wooden  block,  a  wax  seal,  or  a  plaster-cast, 
it  is  necessary  to  give  it  a  conducting  surface,  which 
is  done  by  brushing  it  over  with  black  lead  or  bronze 
powder. 

In  obtaining  the  counterpart  of  a  medal  or  en- 
graved plate,  the  latter  must  necessarily  be  coated 
with  some  substance  to  prevent  adhesion  of  the  ma- 
trix. In  the  United  States  Coast  Survey  a  solution 
of  iodine  is  employed  in  the  duplication  of  its  cop- 
per-plates. 

In  ShafFner's  process,  wood,  fabric,  or  fiber  is  pre- 
pared to  receive  a  metallic  coating  by  immersion  in 
a  bath  containing  plumbago  in  suspension. 

Fibrous  substances  may  also  be  prepared  by  dip- 
ping in  a  solution  of  nitrate  of  silver  and  ammonia, 
and  exposure  to  hydrogen  gas. 

The  process  of  electro-plating  has  been  anplied  to 
many  substances,  as  terra-cotta,  wood,  clotn,  lace ; 
and  to  the  ornamentation  of  book-covers  and  similar 
objects  ;  and  also  for  soldering,  bv  uniting  the  ad- 
jacent edges  of  two  pieces  of  metal  by  formmg  a  solid 
mass  between  them.  The  works  of  a  chronometer 
watch  have  been  electro-plated  while  going. 

When  applied  to  depositing  a  coat  of  silver  or  gold 
upon  an  article,  it  is  placed  m  a  solution  of  the  re- 
quired metal,  the  acia  set  free  in  the  reaction  being 
such  as  will  act  upon  the  piece  of  metal  whose  func- 
tion it  is  to  keep  the  metallic  solution  to  its  normal 
strength.  Copper  and  its  allovs  and  German  silver 
are  the  metals  upon  which  gold  or  silver  are  most 
readily  deposited. 

Electro-plating  with  iron  has  been  done  in  Russia 
by  a  process  invented  by  Jacobi  and  Klein  ;  it  is  much 
more  durable  than  copper,  and  is  said  to  afford  good 
results  having  been  used  by  the  Russian  government 
for  printing  bank-notes.  A  United  States  patent 
was  granted  for  this  process  in  1868.  See  also  Gar- 
nier's process,  **  Photographic  Journal,"  Vol.  VI.,  p. 
81  et  seq. 

An  important  improvement  in  electro-plating  is 
that  of  Al.  Oudry  of  Auteuil,  near  Paris,  for  coating 
large  objects  made  of  iron  with  a  thick  layer  of  cop- 
per. In  the  old  process  it  was  customary  to  clean 
the  pieces  to  be  plated,  and 'after  subjecting  them 
to  a  weak  preliminary  bath,  in  order  to  form  a  thin 
film  on  the  surface,  to  transfer  them  to  a  stronger 
bath,  where  they  were  subjected  to  voltaic  action  for 
several  days.  In  this  part  of  the  process  it  was 
found  that,  owing  to  the  strength  of  the  acid  bath, 
and  the  imperfection  of  the  i)reliminary  coating,  the 
iron  was  corroded,  instead  of  becoming  coated  with 
copper. 

The  details  of  M.  Oudry's  process  have  not  been 
made  public,  but  as  a  prelimmary  to  the  plating  the 
articles  are  covered  with  three  coats  of  benzine  and 
afterward  rubbed  with  pulverized  charcoal,  when 
they  are  ready  for  the  bath,  which  is  composed  of  a 
saturated  solution  of  sulphate  of  copper. 

The  battery  used  is  Daniell's. 

The  operation  requires  from  three  to  four  days, 
by  which  time  a  deposit  about  one  twenty-fifth  ol 
an  inch  in  thickness  is  formed.  The  objects,  when 
removed  from  the  bath,  are  washed  in  slightly  acid- 
ulated water,  bi-ushed  with  a  wire  brush,  and  rubbed 
with  paper  to  brighten  them,  after  which  they  are 
brushed  with  ammoniacal  acetate  of  copper,  and 
finally  polished  with  a  hard  brush  well  waxed. 


By  this  process  many  of  the  cast-iron  monuments 
in  the  city  of  Paris  have  been  copper-plated,  and 
also  the  street  lamp-posts.  Cast-iron  lamp-posts 
weighing  4^  cwt.  plated  in  this  way  cost  about  $40, 
whue  those  of  bronze  of  similar  pattern,  though 
weighing  but  2|  cwt.,  cost  $150. 

Herr  W.  Licke,  of  Hanover,  deprecates  the  use  of 
the  acid  bath,  and  advocates  the  use  of  a  tartrate 
with  either  a  soda  or  a  potash  salt,  especially  for 
coppering  iron  by  means  of  galvanism.  The  best 
results  were  obtained  with  a  solution  of  20  parts  of 
crystallized  sulphate  of  copper  in  160  parts  of  water, 
which  solution  is  mixed  with  50  parts  of  neutral 
tartrate  of  potash  dissolved  in  650  parts  of  caustic 
soda  solution  of  1.12  specific  gravity. 

B-leo'tro-po'i-on-Daf  ter-y.  (Elehiron-poifo, 
Gr.,  electricity-making.)  A  name  applied  specially 
to  Bunsen's  carbon  battery,  though  applicable  to 
other  forms. 

E-lec'tro-posl-tive.  Having  a  tendency  to  the 
negative  pole  of  a  magnet  or  battery. 

B-leo'tro-punot'iir-ing.    Treatment  by  the  in- 
sertion of  needles  in  the  body,  and  passing  a  voltaic  ^ 
current  between  the  points. 

E-leo'tro-scope.  An  instrument  for  detecting 
electrical  excitation.  It  is  shown  at  c.  Fig.  1853, 
and  consists  of  a  glass  jar  with  a  wooden  bottom,  a 
brass  wire  passing  through  the  cork  and  surmounted 
by  a  ball  of  the  same  metal  ;  to  the  lower  end  of  the 
wire  are  gummed  two  depending  strips  of  gold-leaf. 
The  test  of  the  electric  condition  of  a  Iwdy  is  to 
bring  a  small  boll  Susi)ended  from  a  filament  of  silk 
against  the  body,  ana  then  apply  the  same  ball  to 
the  knob  of  the  electroscope.  The  presence  of  elec- 
tricity will  be  shown  by  the  divei^ence  of  the  leaves, 
which,  being  similarly  electrified,  will  repulse  each 
other.  A  rod  of  glass  or  of  sealing-wax  rubbed  and 
applied  to  the  knob  will  determine  whether  the  pre- 
vious excitation  was  fiositive  or  negative. 

The  dry-pile  electroscope  consisted  of  a  gold-leaf 
suspended  oetween  two  balls,  and  Grove  improved 
on  this  by  insulating  the  gold-leaf  between  two  sur- 
faces and  chai^ging  it  at  the  same  time  by  an  electri- 
fied rod.     See  Electrometer. 

B-leo'tro-tint.  A  mode  of  engraving  in  which 
the  design  is  drawn  on  a  copper  plate  with  an  acid- 
resisting  varnish.  By  the  electro-bath  a  reverse  is 
obtained,  and  from  this  copies  are  printed.  The 
process  may  be  adapted  to  relief  or  to  plate  ])rinting. 

B-lec'tro-type.  A  copy,  usually  in  copper,  of 
a  form  of  type.  An  electrotype  is  superior  to  a 
stereotype,  as  copper  is  harder  and  moi-e  durable 
than  type-metal,  and  the  plates  take  less  room  in 
storage. 

A  page  of  the  type  is  covei-ed  with  wax,  which  is 
driven  into  the  interstices  by  powerful  pressure. 
The  face  of  the  wax-mold  is  covered  with  plumbago 
to  give  it  a  metallic  surface  to  which  the  metal  will 
adhere.  The  positive  pole  of  a  battery  is  attached 
to  the  mold,  and  the  negative  to  a  copper  plate,  and 
both  are  plunged  in  a  bath  of  sulphate  of  copper  in 
solution.  The  copper  is  deposited  on  the  face  of  the 
mold  in  a  thin  film,  which  increases  in  thickness  as 
the  process  continues.  The  shell  having  attained 
the  thickness  of  a  stout  sheet  of  paper,  the  mold  is 
removed  from  the  bath,  the  shell  detached,  and 
strengthened  by  a  backing  of  type-metal. 

This  process  is  called  baeking-vp.  As  type-metal 
will  not  readily  adhere  to  copper,  the  back  of  the 
shell  is  coated  with  tin,  and  the  ^11  is  then  placed 
face  downward  on  a  plate,  by  which  it  is  suspended 
over  a  bath  of  molten  type-metal.  When  it  nas  at- 
tained the  requisite  heat,  a  quantity  of  the  metal  is 
dipped  up  and  floated  over  the  back  of  the  ehelL 
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When  cold,  the  plate  is  reduced  to  an  even  thick- 
ness by  a  planinff-machine.  For  printing,  it  is 
mounted  on  a  wooden  backing. 

Another  mode  of  obtaining  electrotype  plates  from 
a  letter-press  form  is  by  a  mold  of  gutta-percha, 
brushed  with  graphite  and  immersed  in  the  electro- 
plating bath. 

Gutta-percha  is  also  used  for  obtaining  intaglio 
molds  and  then  cameo  impressions  from  woodcuts, 
forprinting.     See  Electro-plating. 

B-lec'tro-typ'o-graph'io  Ma-ohine'.  An  ap- 
paratus invented  by  Fontaine,  a  Fivnch  barrister,  for 
printing  short  legal  documents,  etc. 

The  letters  of  the  alphabet  —  caps,  lower-case,  fig- 
ures, etc.  — are  arranged  around  two  horizontal  disks, 
one  above  the  other,  and  surmounted  by  a  third  disk 
which  has  notches  corresponding  to  the  types  below. 
A  bar  in  the  center  is  caused  to  press  upon  the  notch 
representing  any  particular  letter,  which  is,  by  elec- 
tro-magnetic action,  caused  to  drop  and  leave  its  im- 
pression on  a  sheet  of  paper  wound  upon  a  roller 
beneath,  and  then  return  to  its  place. 

When  the  whole  has  been  printed,  letter  by  letter, 
in  this  way,  an  impression  is  transferred  to  a  litho- 
graphic stone,  from  which  any  number  of  copies  may 
bejprinte<l. 

B-lec'trum.  1.  Argentiferous  gold  :  an  alloy  of 
gold  and  silver. 

A  vase  and  eight  drinking-cups  of  this  material 
were  found  in  an  ancient  Scythian  tomb  at  Kertch. 

2.  An  alloy  of  copper,  zinc,  and  nickel :  German- 
silver.    See  Alloy. 

Zll'e-phaiit.  A  size  of  drawing-paper  measuring 
28  X  23  inches,  and  weighing  72  pounds  to  the  ream. 

A  fiat  writing-paper  of  about  the  same  dimensions. 

El'e-vat'ed  Bat'ter-y.  One  which  has  its  whole 
parapet  elevated  above  the  natural  surface  of  the 
ground  ;  to  procure  the  mass  of  earth  required,  a 
ditch  is  usually  duff  directly  in  front  <5f  the  parapet. 

El'e-vat'ed  O^en.  One  whose  baking-chamber 
is  situated  above  that  plate  of  the  stove  in  which  are 
the  holes  for  the  pots  and  kettles. 

El'e-vaf  ed  Rail'way.  A  railway  with  an  ele- 
vated track. 

Any  railroad  supported  on  a  continuous  viaduct 
may  be  said  to  be  an  elevated  railway,  but  the  term 
has  lately  received  a  rather  more  limited  application. 
It  is  now  particularly  applied  to  city  railroads  whose 
track  is  so  elevated  as  not  to  materially  infringe 
upon  the  street  area,  already  too  limited  for  the  con- 
venience of  the  citizens  and  the  traflic. 

The  necessities  for  more  convenient  transportation 
of  passengera  in  New  York  City,  especially  on 
Bi-oadway,  have  perhaps  given  the  greatest  stimulus 
to  invention  in  this  line,  and  the  question  of 
elevated  railway  versus  subterranean  railway  has 
been  very  thoroughly  debated. 

The  capitals  and  other  lai^  cities  of  the  world 
were  not  originally  laid  out  for  the  modem  means  of 
locomotion.  We  see  in  the  cities  of  Asia  the  con- 
dition which  formerly  existed  in  European  towns, 
—  narrow  streets  without  sidewalks,  adapted  for 
pedestrians,  equestrians,  pack-animals,  and  sedan- 
chain.  Jeddo,  Macao,  and  other  Asiatic  citif^ 
where  the  natives  are  yet  dominant,  have  in  general 
no  provision  for  wheeled  vehicles,  and  London  before 
the  great  fire  of  1666  was  in  much  the  same  condi- 
tion. The  foot-traveler  was  jostled  by  the  horse- 
man, and  stood  on  one  side  to  let  the  train  of  pack- 
animals  go  by,  just  as  the  modem  traveler  resigns 
the  road  in  favor  of  the  loaded  camel  or  the  ambling 
donkey  in  the  streets  of  Alexandiia.  The  sedan- 
ohair  of  England  and  the  palanquin  of  Constantinople 
were  carried  by  shambling  porters,  who  were  at- 


tended after  nightfall  by  torch-bearen  and  guards, 
who  illuminated  the  way  and  kept  off  the  prowling 
robber.  Asia,  having  stood  still,  preserves  the  in- 
stitutions to  which  we  have  alluded ;  Western 
Europe  and  the  West  have  outgrown  them  some 
time  since. 

The  tc^ography  of  old  Boston  and  Dutch  New 
York  show  that  no  ideas  of  these  modem  stirring 
times  troubled  the  engineers  and  architects  of  those 
days,  and  it  has  become  a  problem  with  their  suc- 
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cessora  how  best  to  adapt  the  thing  as  they  find  it 
to  modem  needs. 

London  has  solved  the  problem  by  brick  viaducts 
and  subterranean  railways,  which  are  successful  and 
saf«» ;  of  the  latter  it  may  be  added,  profitable. 

New  York,  of  all  our  American  cities,  is  most  in- 
terested in  obtaining  the  best  solution  of  the  prob- 
lem. 

The  viaduct  of  the  London  and  Greenwich  Rail- 
way is  3  miles  and  60  chains  in  length  ;  being  com- 
posed of  over  1,000  yellow  brick  arches,  18  feet 
span,  22  feet  high,  25  feet  wide.  It  cost  over 
$1,300,000  per  mile,  and  has  not  proved  a  paying 
investment  to  the  shareholders. 

The  London  and  Blackwall  Railway  is  upon  a 
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continuous  viaduct  of  brick  arches,  and  is  3  miles 
88  chains  in  length.  It  cost  £1,083,951.  The 
public  are  benefited  more  than  those  who  built  it. 

These  are  two  exampl«s  of  elevated  railways  of  a 
certain  kind.  The  Greenwich  Railway  was  always 
worked  by  locomotives.  The  Blackwall  Railway 
was  for  many  years  worked  by  stationary  engines 
and  wire  ropes. 

In  1821,  Palmer,  eu^eer  to  the  London  Dock 
Company,  patented  a  railway  whose  single  track  was 
elevated  upon  pQlars,  which  were  of  such  lengths  as 
to  bring  the  track  to  a  level  or  moderate  inclination, 
notwithstanding  the  inequalities  in  the  surface  of 
the  ground.  This  is  shown  in  the  upper  illustrations 
of  Fig.  1856.  The  boxes  H  are  in  pairs,  suspended 
on  each  side  of  the  carriage,  which  travels  upon  a 
pair  of  grooved  wheels  D.  The  track  K  is  supported 
on  the  pillars.  The  wheels  are  placed  one  before 
the  other,  and  the  axles  are  extended  laterally  so  as 
to  support  the  boxes  by  the  suspension-rods  /.    The 
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lower  side  of  the  box  having  a  continuous  longitudi' 
nal  dit,  allowing  the  passage  of  the  suspension-bar. 

The  mode  of  propulsion  is  probably  by  a  wire  or 
rope. 

Dick's  elevated  railway  (English  patent,  1825) 
had  a  double  track  supported  on  vertical  pillars  m  m 
of  varying  hight  when  crossing  irregular  surfaces,  so 
as  to  preserve  a  level,  or  nearly  so. 

The  track  has  two  rails,  u|)on  which  the  wheels  n 
of  the  carriage  traverse  ;  and  beneath  the  rails  are 
safety-wheels  on  the  sides  of  the  carriage,  which  keep 
the  upper  wheels  from  leaving,  should  the  carriage 
sway  and  jump  with  high  speeds. 

The  mode  of  propulsion  was  to  be  by  drag-ropes 
from  stationary  engines.  The  lower  wheels  joumaled 
between  the  sections  of  the  supporting  frame  are  for 
the  ropes  to  run  in. 

Warren  and  Blume's  elevated  railway  M  is  on  the 
principle  of  the  Fisher  (English)  patent  of  1825. 

The  rails  are  supported  upon  inward  projections 
at  the  spring  of  an  arch  5,  which  is  attached  by  one 
end  to  a  single  post  t.     A  truck  runs  on  this  track» 

Fig.  1868. 
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center  of  gravity  of  the  loaded  boxes  is  below  the 
level  of  the  rail. 

The  carriages  are  hooked  together,  and  are  drawn 
by  horses  and  a  towing-rope. 

A  railway  on  this  principle  was  constructed  in 
1825  at  Cheshunt,  in  England,  and  used  for  convey- 
ing bricks  across  the  marehes  to  the  river  Lea,  where 
they  were  shipped. 

Fisher's  English  patent,  1825,  in  the  same  figure, 
shows  a  suspended  carriage  between  two  lines  of 
rail. 

In  the  figure,  the  bar  a  with  rail-flanges  6  6  is 
shown  suspended  by  rods  from  a  catenary  chain, 
which  is  supposed  to  be  spanning  a  river  or  deep 
gulley. 

The  carriage /has  two  pairs  of  wheels  which  trav- 
erse upon  the  flanges  h  6,  and  support  the  bar  h  from 
which  is  suspended  the  freight. 

One  of  the  views  shows  a  modification,  in  which 
the  rails  are  flanges  of  a  hollow  box  or  trunk  e,  the 
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and  the  car  is  suspended  from  the  truck,  and  is 
drawn  by  horses.  The  truck  wheels  have  brakes 
which  are  operated  from  the  car. 

Fig.  1857  shows  another  form  which  is  supported 
on  columns  and  reached  from  the  second  floors  of 
houses.  It  is  driven  by  dummy-engine,  compressed 
air,  or  by  rope. 

Another  form  is  proposed  to  span  the  street  and 
form  an  arcade.     (Fig.  1858.) 

Cheseborough's  elevated  railway  consists  of  a 
series  of  inclined  planes  down  which  a  car  runs  by 
its  own  gi-avity,  elevating  platforms  being  interposed 
to  raise  the  car  from  the  foot,  of  one  incline  to  the 
head  of  the  next.  The  ])lat forms  are  elevated  by 
a  perpendicular  lift  operated  by  compressed  air. 

In  India,  Australia,  and  some  other  ])lHces,  it  has 
not  been  unusual  to  cross  gullies  and  rivers  by  means 
of  a  bucket  or  basket  suspended  from  a  cord.  The 
patents  of  Palmer,  Fisher,  and  Dick,  already  cited, 
are  an  amplification  of  this  idea,  a  carriage  being  ar- 
ranged to  travel  on  a  rail. 

The  idea  h«s  recently  been  reducetl  to  practice  in 
a  compact  and  useful  form.     See  Wire-way. 

M'e-vaf  ing-^look.  A  tackle- block  used  in  ele- 
vating hay  or  bales,  where,  after  the  object  has  been 
raised  to  a  given  hight,  the  block  is  required  to  travel 
along  to  a  position  above  where  the  load  is  to  be  de- 
posited. 

The  track -ro])e  passes  through  the  case  under  the 
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El'e-vaf ing  -  olutch. 
Fig.i8eo 


Fig.  1859.  locomotive    pul- 

leys. Thedraft- 
Tope  leading  from 
the  hay- fork  to 
the  team  passes 
•  between  the  low- 
er pulley  and  the 

*  stop.  The  cord 
running  over  the 
pulley  in  the  rear 

•  operates  the  stop 
that  rigidly  con- 
necting the  draft 
to  the  track-rope 
above  arrests  its 
progress  in  ei- 
ther direction.  It 

Elevating-Bloek.  is  managed  by  a 

dependingcheck- 
rope,  which  is  grasped  by  a  man  on  the  bam  or 
warehouse  floor. 

Designed  to  attach  a 
clutch  to  an  elevated 
beam  in  a  bam,  as  a 
means  of  suspension 
of  the  tackle  of  a 
horse  hay-fork,  and 
to  detach  the  clutch 
therefrom  when  re- 
quired. It  has  two 
^  arms  attached  to  a 
/  handle  of  any  suita- 
ble length,  and  ar- 
ranged to  engage  the 
laws  of  the  clutch  to 
hold  them  open  un- 
til the  beam  is  grasped 
or  to  unclose  them 
when  required. 

El'e-vat'ing- 
sorew.  One  beneath 
the  breech  of  a  piece 
of  ordnance,  to  give 
the  elevation  or  ver- 
tical direction  to  the 
piece.  In  field- 
pieces  it  is  bedded  in 
the  stock  immedi- 
ately under  the  base- 
ringof  the  gun,  which 
The  latter  is  turned 


Elevating'  Clutch. 


rests  on  the  top  of  the  screw, 
by  four  handles. 

In  theodolites  and  other  geodetical  and  astronom- 
ical instraments  a  similar  contrivance  is  used  for 
leveling  the  instrument.  See  also  Jack-screw,  etc. 
See  list  under  Hoisting. 

El'e-va'tion.  1.  {Astronomical  Instruments.) 
The  arc  of  a  vertical  circle  intercepted  between  an 
object  and  the  horizon. 

2.  (Dialing.)  The  angle  of  the  gnomon  with  its 
base. 

3.  (Gunnery.)  The  angle  of  the  line  of  fire  with 
the  plane  of  the  horizon. 

4.  (Drawing.)  A  side  or  end  view  of  an  object  or 
representation  on  a  perpendicular  plane. 

An  end  or  side  view  of  a  building  or  machine 
drawn  according  to  the  actual  width  and  hight  of 
its  parts  without  reference  to  perspective. 

Projections  or  depressions  from  the  plane  of  the 
general  surface  are  indicated  by  shadows  equal  in 
width  to  the  depth  of  the  elevation  or  depression, 
the  light  being  supposed  to  fall  at  an  angle  of  45° 
both  to  the  vertical  and  horizontal  lines  of  the  draw- 
ing, and  usually  from  the  upper  and  left-hand  side. 


Fig  186L 


Elevation: —  Porch  and  VemndaiRwral  Oothie), 

El'e-va'tor.  1.  A  machine  for  transferring  grain 
by  raising  it  from  the  car,  a  bin,  or  the  hold  of  a 
ship,  to  an  elevated  hopper,  whence  it  is  discharged 
by  any  one  of  a  series  <Jf  spouts  directed  to  a  bin  for 
storage  or  to  the  hold  of  a  boat,  a  car,  or  to  a  run 
of  stones. 

Elevators  are  used  in  flour-mills  to  cany  the 
wheat  to  the  upper  story,  where  it  is  cleaned  in  the 
smut-mill ;  also  to  raise  wheat,  so  cleaned,  to  a  bin 
whence  it  proceeds  to  the  stones  ;  also  to  raise  the 
meal  to  the  bolt,  the  ofl'al  to  the  bran-duster,  etc., 
as  the  case  may  be. 

Elevators  are  also  used  in  many  other  machines 
for  raising  small  objects  or  materials,  such  as  the 
tailings  in  a  thrashing-machine  or  clover-huller. 
These  may  be  consulted  where  they  occur  under 
these  heads.    They  are  also  used  in  elevating  bricks. 

Fig.  1862. 


mortar,  etc.,  in  building.    See  list  under  Hoistino- 

MACHINES. 

2.  A  platform  or  cage  in  a  warehouse,  hotel,  mine^ 
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or  elsewhere,  for  raising  or  lowering  persons,  goods, 
or  material  to  or  from  different  floors  or  levels.  See 
Hoist  ;  Man-engine  ;  Cage.  Also  the  list  above 
cited.' 

8.  A  building  specially  constructed  for  elevating, 
storing,  and  loaaiug  grain  into  cars  or  vesseb. 
These  structures  are  very  capacious  both  as  to  the 
capacity  for  handling  and  storing,  but  the  construc- 
tion is  very  simple.  An  elevator-leg, 
Fig.  186a  so  called,  seen  in  Fig.  1863  and  also 
in  Fig.  1862,  reaches  into  the  bin  or 
cellar  into  which  the  contents  of 
the  wagons  or  cars  are  discharged. 
A  strong  belt,  carrying  a  series  of 
buckets,  travels  over  a  drum  at  the 
lower  end  and  also  over  one  at 
the  upper  end,  where  the  buckets 
tip  over  and  discharge  into  the  up- 
per bin.  This,  as  seen  in  Fig. 
1862,  has  valved  spouts  F  which 
direct  the  contents  into  either  one 
of  the  deep  bins  A.  The  floors  of 
these  bins  are  over  the  tracks,  and 
valves  in  the  floor  allow  the  contents 
of  the  bins  to  be  discharged  into  cars 
or  canal-boats,  which  are  brought 
beneath. 

In  unloading  from  ships,  the  leg 
is  a  pivoted,  adjustable  piece,  which 
is  first  raised  to  obtain  the  necessary 
bight,  brought  over  the  hatchway, 
and  lowered  thereinto. 

In  practice,  the  grain  is  dischai^d 
into  the  hopper  of  a  weighing-ma- 
chine gaged  exactly  for  one  hundred 
bushels  ;  by  pulling  on  a  valve  the 
contents  are  sent  by  a  spout  to  the 
bin,  the  valve  closed,  the  elevating 
resumed,  and  so  on.  Seven  thousand 
bushels  an  hour  are  thus  weighed. 
An  elevator  at  Milwaukee  is  280  feet 
long  and  80  feet  wide.  The  total 
length  of  the  great  driving-belt,  urged 
by  a  200-hoi'8e-power  engine,  is  280  feet,  that  is,  the 
half  extending  from  cellar  to  comb  is  140  feet,  and 
the  down  half  is  of  course  ecynal  to  it.  This  belt  is 
36  inches  wide  and  |  of  an  inch  thick,  and  is  made 
of  six-ply  or  thicknesses  of  canvas,  with  sheets  of 
india-rubber  passed  between  and  into  them.  It  drives 
nine  receiving  elevators  or  belts  set  with  buckets, 
each  of  which  lifts  the  grain  140  feet.  The  buckets 
are  made  of  thick  tin,  bound  with  hoop-iron,  and  are 
well  riveted  to  the  belt  at  intervals  of  fourteen  inch- 
es ;  six  inches  across  the  mouth  and  eighteen  inches 
long.  When  full,  one  contains  a  peck.  They  do  not 
usually  go  up  quite  full,  but,  allowing  for  thi^  there 
are  100  pecks  «=  25  bushels,  loaded  on  one  side  of  one 
of  these  belts  whenever  it  is  at  work.  If  all  nioe 
are  running  at  once,  as  is  often  the  case,  the  quantity 
of  wheat  lifted  on  these  swift-running  belts  is  225 
bushels.  The  established  weight  of  a  bushel  of 
No.  2  Milwaukee  Spring  is  55  pounds.  This  would 
make  the  total  lift  of  the  receiving  elevators  during 
the  time  they  are  at  work  over  12,000  pounds. 

The  bins  in  which  this  wheat  is  poured  are  of 
great  size,  being  60  feet  deep,  20  wide,  and  10  across, 
containing  12,000  cubic  feet.  The  total  receiving 
and  storing  capacity  of  tliis  building  is  1,500,000 
bushels.  Of  the  crop  of  1869  it  received  7,000,000 
bushels.  About  10,000  bushels  are  taken  into  a 
train  of  the  average  length ;  so  2, 100  trains  were 
that  year  rolled  into  this  elevator  and  discharged. 

In  discharging  on  to  the  Lake  grain-vessels,  as 
soon  as  a  ship  is  anchored  beside  an  elevator  the 
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hatches  are  removed  and  great  spouts  extend  over 
them  from  the  bottom  of  one  of  tne  bins  described. 
The  gate  is  raised,  and  a  torrent  of  wheat  pours 
down.  The  loading  power  of  these  spouts  is  12,000 
bushels  an  hour.  A  vessel  with  a  capacity  for  18,000 
bushels  may  be  loaded  in  an  hour  and  a  half.  The 
Oswego  and  Ogdensburg  schooners  and  vessels  des- 
tined for  the  Welland  Canal  usually  take  on  from 
12,000  to  20,000  bushels.  The  Bufialo  vessels  are 
larger,  often  receiving  30,000,  and  in  a  few  cases 
45,000  bushels. 

4.  {Surgical. )  An  instrument  employed  in  rais- 
ing portions  of  bone  which  have  been  depressed,  or 
for  raising  and  detaching  the  portion  of  bone  sep- 
arated by  the  crown  of  the  trepan.  The  common 
elevator  is  a  mere  lever,  the  end  of  which  is  some- 
what bent  and  rough,  in  order  that  it  may  less 
readily  slip  away  from  the  portion  of  bone  to  be 
raised.  Tne  elevator  of  Louis  has  a  screw  peg 
united  to  the  bridge  by  a  kind  of  pivot.  Pettit's 
elevator  ia  a  straight  lever,  except  at  the  very  point, 
where  it  is  slightly  curved.  The  triploid  elevator 
consists  of  three  branches  united  in  one  common 
trunk. 

The  elevator  is  one  of  the  instruments  of  the 
trephine  case.  A  curved  instrument  for  operating 
upon  depressed  portions  of  the  skull  was  disinterred 
at  Pompeii,  1819,  by  Dr.  Cavenke  of  St.  Peters- 
burg. 

EQ'e-va'tor-buok'et  One  of  the  grain-cups  on 
the  traveling  belt  of  the  elevator. 

ZQ'io-type.  {Photography.)  A  mode  of  multi- 
plying photographic  copies  of  artists*  work,  patented 
by  Euot,  England.  The  painting  is  made  upon 
glass  in  a  body-color  more  or  less  dense,  and  con- 
sequently more  or  less  efiective  as  a  negative,  and 
from  it  positives  are  printed. 

mi-qaa'tion.  Tne  process  of  separating  metals 
by  exposure  in  a  furnace  or  on  a  hearth  to  a  heat 
which  melts  one  and  does  not  melt  the  other.     See 

LiQUATION-PUBNACE. 

El-lip'so-graph.    An  instrument  for  describing 


V\g.  1864. 


Fig.  1865. 


Ellipsograph. 

ellipses.  Thepinsofthebeam 
traverse  in  the  slots  of  the 
trammel,  each  occupying  its 
own  slot,  and  the  pencU  at. 
the  end,  as  the 
beam  revolves, 
is  guided  in  an 
elliptical  path. 
SeeTKAMMEL.  ; 

There  are 
many  varieties 
of  compass  for 
this  purpose.  EUiptieal  Wheels. 

Bl-lip/tl-  ,     ,      . 

oal-arch.  (Architectwre.)  An  arch  havmg  two 
foci  and  an  elliptical  contour.  The  arches  of  Lon- 
don Bridge  are  the  finest  elliptical  arches  in  the 
worid  ;  the  middle  one  has  152  feet  span. 

El-lip'ti-oal-gear'lng.  See  Elliptioal-wheel. 

El-llp'ti-oal-^v^heeL    One  used  where  a  rotary 
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motion  of  varying  speed  is  required,  and  the  varia- 
tion of  speed  is  determined  by  the  relation  between 
the  lengths  of  the  major  and  minor  axes  of  the 


In  the  upper  figure,  variable  rotary  motion  is  pro- 
duced by  unifonn  rotary  motion.  The  small  spur 
pinion  works  in  a  slot  cut  in  the  bar,  which  turns 
loosely  upon  the  shaft  of  the  elliptical  ^ear.  The 
pinion  is  Kept  to  its  engagement  by  a  spnng  on  the 
shaft.  The  slot  in  the  bar  allows  for*  the  variation 
of  length  of  radius  of  the  elliptical  gear. 

El-lip'tic-chnck.  A  chuck  invented  by  Abra- 
ham Sharp,  for  oval  or  elliptic  turning.     See  Chuck. 

El-lip'tic-Bpring.  (Vehicles.)  One  formed  of  a 
number  of  bent  plates  in  two  sets,  curved  apart 
in  the  middle  and  united  at  the  ends.  The  pressure 
is  brought  upon  the  middle  and  tends  to  collapse 
them. 

Fig.  1806. 


EUiptic  Carriage- i^pring. 

In  the  illustrations,  the  spring  is  of  one  or  two 
pieces,  united  by  blocks  or  bolts. 

B-lu'tri-a'tion.  Purification  by  washing,  when 
the  water  carries  off  a  lighter  or  more  soluble  mate- 
rial from  the  heavier  portion,  which  is  designed  to 
be  saved.  It  differs  from  lixivicUian  in  the  latter 
respect. 

To  recover  saccharine  matter  from  animal  charcoal, 
the  latter  may  be  lixiviated^  water  being  passed 
through  the  mass  to  cany  off  the  sugar. 

To  remove  saccharine  and  coloring  matters  from 
starch  in  the  process  of  manufacture,  the  material 
is  elutriated,  and  the  granules  of  starch  settle  in  the  ' 
bottom  of  the  vat ;  the  substances  remaining  in  sola-  ' 
tiori  are  removed  by  decantation. 

El-y-dor'io  Paint'ing.  A  mode  of  painting  in- 
vented by  Vincent,  of  Montpelier,  intended  to  com- 
bine the  fresh  appearance  of  water  colors  and  the 
mellowness  of  oil-painting.  The  vehicle  for  the  pig- 
ments is  an  emulsion  of  oil  and  water  with  the  inter- 
vention of  a  gum  or  mucilage. 

Em.  {Printing.)  The  stiuare  of  the  body  of  a 
type.  As  the  **m"  in  early  fonts  had  a  snuare 
body,  it  became  a  unit  of  measure  for  compositors' 
work; 

B-mail'-om^rant.  A  process  which  consists  in 
flooding  colored  but  transparent  glasses  over  designs 
stamped  in  the  body  of  earthenware  or  porcelain.  A 
plane  surface  is  thus  produced,  in  whicn  the  cavities 
of  the  stamped  design  appear  as  shadows  of  various 
depths,  the  parts  in  highest  relief  coming  nearest  to 
the  surface  of  the  glass,  and  thus  having  the  effect 
of  the  lights  of  the  picture.  Introduced  by  the 
Baron  A.  de  Tremblay,  of  Melun. 

Bm-balm'ing.  The  art  of  preserving  the  dead 
bodies  of  men  or  animals.     The  earlieiit  examples  are 


found  in  Egvpt,  where  it  was  practiced  over  3000 
years  ago.  There  the  custom  was  universal  and 
intimately  connected  with  their  religion,  as  they  be- 
lieved in  the  resurrection  of  the  body,  and  imagined 
that  after  the  lapse  of  8000  years  tne  spirit  would 
again  inhabit  its  ori^nal  tenement  if  the  latter  was 
still  in  existence.  The  invention  was  ascribed  by 
them  to  Anubis  the  son  of  Osiris,  who  was  said  to 
have  performed  the  office  for  his  father. 

It  has  been  estimated  that  more  than  420,000,000 
mummies  were  embalmed  between  his  time  and  the 
yp^r  700  A.  i).,  when  the  practice  fell  into  disuse, 
besides  an  innumerable  multitude  of  sacred  animals, 
as  dogs;  cats,  apes,  ibises,  bulls,  rams,  foxes,  croco- 
diles, serpents,  etc.,  which  are  found  along  with 
human  mummies  in  the  tombs. 

The  Egyptians,  however,  were  not  the  only  people 
who  embfdmed  their  dead.  The  practice  prevailed, 
though  not  so  extensively,  among  tne  nations  of  Asia, 
and  was,  at  a  somewhat  later  period,  in  use  to  some 
extent  among  the  Greeks  and  Komans. 

Herodotus  gives  a  long  description  of  the  different 
methods  employed  by  the  ancient  Egyptians.  These 
varied  accortling  to  the  rank  or  wealth  of  the  sub- 
ject. 

Drying  the  bodies  in  sand  was  a  method  chiefly 
practiced  among  the  poorer  classes ;  and  it  may  \x 
remarked  that,  in  a  warm  dry  climate  like  that  of 
Eg3rpt,  decomposition  does  not  take  place  so  read- 
ily or  speedily  as  in  those  which  are  favored  with 
more  moisture. 

Embalming  was  also  performed  by  salting  in  na- 
tron and  then  drying ;  boiling  in  resins  and  bitumen  ; 
and  by  removing  the  brain  and  viscera,  washing 
with  palm  wine,  and  then  applying  fine  resins, 
myrrh,  cassia,  and  other  aromatic  substances. 

In  some  cases  oil  of  cedar  was  ii^ected  into  the 
cavity  of  the  body,  which  was  then  steeped  in  a  so- 
lution of  natron  for  70  days,  when  the  viscera  came 
away,  leaving  little  but  skin  and  bone  remaining. 

Among  the  upper  classes,  the  bodies,  after  being 
])repared,  were  si^athed  in  linen  bandages  saturated 
witn  gum,  the  total  length  of  which  amounted  in 
some  instances  to  more  than  1,000  yards. 

The  phyMcians  embalmed  Israel  (Gen.  1.  2)  B.  c. 
1689,  and  the  bodies  of  the  Hebrew  kings  were 
embalmed  with  spices. 

Within  and  about  the  bodies  of  different  mummies 
have  been  found  sulphate  of  soda,  saltpeter,  com- 
mon salt,  soda,  oil  cf  cedar,  turpentine,  asphalt, 
myrrh,  cinnamon,  and  other  substances. 

The  opinion  has  been  advanced  that  an  essential 
rart  of  tne  process  was  the  application  of  heat  to  the 
nodies,  which  were  tille<i  with  home  bituminous  sub- 
stance, by  which  means  creosote  was  generated.  As 
all  mummy  bandages  were  smeared  with  gum,  and 
bear  the  appearance  of  having  been  heated,  being 
oflten  reduced  to  tinder,  the  production  of  creosote 
may  have  been  the  object  for  which  they  were 
gummed  and  partially  calcined. 

The  cost  of  the  most  expensive  method  of  embalm- 
ing was  a  talent  of  silver,  more  than  $1,100  ;  accord- 
ing to  Calmet,  the  prices  ranged  from  the  neighbor- 
hood of  $  300  to  $  1,500. 

The  principal  materials  used  by  the  ancients  (the 
Egyptians  excepted)  in  embalming  were  honey, 
brine,  wax,  and  vinegar. 

Phamacps  put  the  body  of  his  father,  Mithridates, 
in  brine,  in  order  to  preserve  it  during  its  transpor- 
tation to  Pompey.  Several  curious  monstere  and 
an  ape  were  picKled  and  sent  to  Rome ;  Pliny  and 
St.  .lerome  mention  them.  The  body  of  St.  Gui- 
bert  was  pickled  to  make  it  keep  during  a  long  jour- 
ney in  summer,  A.  D.  1113. 
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The  bodies  of  several  Grecian  kings  were  preserved 
in  honey.  Agesipolis,  who  died  in  Macedonia,  was 
thus  sent  home  to  Sparta.  Alexander  is  said  to 
have  been  sent  to  Egypt  in  honey  ;  by  others,  to 
have  been  embalmed  in  Egyptian  style.  Perhaps 
he  went  to  Alexandria  in  honey,  and  was  then  em- 
balmed in  regular  order.  The  Emperor  Julian  II. 
was  placed  in  honey  mixed  with  spices. 

Wax  and  waxen  cerecloth  were  used  for  centuries 
in  England.  The  body  of  one  of  the  Edwards,  in- 
terred 1307  and  exhumed  1774,  was  preserved  in 
natural  shape,  but  fragile. 

The  body  of  Lord  Nelson  was  sent  to  England  in 
a  puncheon  of  rum.  The  sailors  ran  foul  of  the  cask, 
and,  getting  drunk,  playfully  called  it  ''tapping  the 
admiral. "  The  poor  man  was  nearly  dry  by  the  time 
he  reached  home. 

The  Scythians,  Assyrians,  and  Persians  used  wax. 
The  body  of  Agesilaus  was  covered  with  wax,  but 
the  practice  soon  became  general  of  wrapping  in 
waxed  cloths.  We  read  of  these  cerements  in  the 
preparation  for  burial  of  Philip  of  Burgundy,  1404  ; 
Edward  I.  of  England,  1307  ;  and  George  II.  The 
cerecloth  and  aromatics  for  the  latter  cost  £  152. 

John  Hunter  (died  1793)  embalmed  several  bodies 
by  injection  into  the  arteries  and  veins.  The 
bodies  are  preserved  in  the  Museum  of  the  College 
of  Surgeons,  London. 

The  Khasias,  a  people  of  the  Himalayas,  preserve 
the  bodies  of  their  dead  in  honey  till  the  cessation 
of  the  periodical  rains  permits  their  being  burned. 
The  (luantity  of  rain  which  falls  in  that  region  is 
remarkable.     See  Rain-oaob. 

Embalming  was  practiced  by  the  Guanches,  or 
aboriginal  inhabitants  of  the  Canary  Islands,  and  by 
the  ancient  Peruvians.  Mummies  from  the  latter 
source  are  now  to  be  seen  in  the  museum  of  the 
Smithsonian  Institution.     Some  bodies  have  been 

S reserved  for  ages  by  burial  in  caverns,  the  earthen 
oors  of  which  contained  a  notable  quantity  of  salt- 
peter. The  steepes  of  Tartary,  some  of  the  uplands 
of  Montana  and  Colorado,  and  the  dry  uplands  of 
the  Andes,  are  nitrous.  Many  caves  are  so  also,  the 
Mammoth  Cave  of  Kentucky,  for  instance. 

In  very  recent  times,  with  the  increase  of  chemi- 
cal knowledge,  considerable  attention  ]^as  been  de- 
voted to  the  subject,  and  various  processes  and  com- 
pounds have  been  devised. 

Dr.  Chausier  employed  a  solution  of  corrosive  sub- 
limate, with  whic-h  the  corpse^  previously  disem- 
bowelled and  cleansed,  is  saturated  ;  this  imparts 
firmness  to  the  flesh  and  renders  it  imput recent. 

Gaural  practiced  injecting  the  veins  with  sulphate 
of  alumina. 

Dr.  Ure  propases  chloride  of  mercury  and  wood 
vinegar  to  oe  used  in  a  similar  way.  M.  Falconi 
found  that  sulphate  of  zinc,  injected  into  a  body, 
would  preserve  it  in  a  flexible  condition  for  some  six 
weeks,  after  which  it  began  to  dry  up,  though  still 
preserving  itd  natural  color.  Chloriae  of  zinc  and 
sulphate  of  soda  are  also  sometimes  used. 

A  more  simple  form  of  preparation  for  injection; 
well  suited  for  anatomical  purposes,  consists  of  glyc- 
erine, 14  parts  ;  soft  sugar,  2  parts  ;  nitrate  of  pot- 
ash, 1  part.  It  is  found  that,  after  saturation  for 
some  days  in  this  solution,  the  parts  become  com- 
paratively indestructible,  and  change  neither  in  size 
nor  figure. 

Dr.  Hutton's  (1863)  composition  is  4  pounds  of 
zinc  dissolved  in  6  pounds  muriatic  acid,  to  which 
are  added  1  gallon  alcohol,  2  drams  arsenic,  and  1 
dram  corrosive  sublimate  ;  the  fluid  is  injected  into 
the  arteries  in  a  heate<l  state. 

Dr.  Moi^gan's  (English,  1864)  is  6  pounds  common 


salt,  1}  pounds  nitrate  potash,  1^  pounds  powdered 
alum,  and  2  drams  to  1  ounce  arseniate  of  potash. 
This,  in  the  form  of  a  solution,  is  injected  into  the 
heart.  This  process  embraces  some  peculiarities  in 
the  mode  of  treatment  of  the  subject  and  manner  of 
injecting  the  fluid. 

Coffman's  (1867).  Distilled  water,  1  gallon  ;  car- 
bolic acid,  4  ounces  ;  nitrate  of  potash,  4  ounces ; 
alcohol,  4  ounces. 

Brunetti,  of  Italy  (1867),  expels  the  blood  from  the 
tissues  by  injections  of  ])ure  water  and  of  alcohol, 
apd  fatty  matters  by  injections  of  sulphuric  ether, 
and  afterwards  injects  a  solution  of  tannin  into  the 
arteries,  veins,  or  excretory  canals,  after  which  the 
body  is  dried  in  a  case  heated  by  steam  to  a  tempera- 
ture of  90^  eenti^de. 

E  de  la  Granja  (1867)  employs  a. solution  of  sul- 
phurous acid  and  the  sulphides  of  soda,  potash,  or 
lime,  in  water  or  alcohol,  injected  into  the  aoita. 
The  cavities  of  the  body,  head,  thorax,  and  abdo- 
men are  filled  with  tannin,  gun-cotton,  camphor, 
and  resin  dissolved  in  absolute  alcohol  or  ether,  and 
stiffened  with  cotton  and  wax. 

Bm-bank'ment  A  structure  raised  to  prevent 
water  from  overflowing  a  level  tract  of  country,  or  to 
support  a  roadway.  Technically,  in  cAv\\  engineer- 
ing, the  earth  removed  to  produce  a  level  is  excava- 
tion, and  that  which  requires  to  be  heaped  up  for 
the  same  purpose  is  embankment. 

A  raised  mound  or  bank  of  earth  to  form  a  barrier 
against  the  encroachments  of  the  sea.     See  Dike. 

Or  against  the  overflow  of  a  river.     See  Lkvee. 

Or  to  carrv  a  railroad,  canal,  or  road  ailross  a  tract 
of  lowgroundoracrossaravine  or  gully.    See  Filling. 

The  oldest  embankment  in  England  is  Roman, 
that  of  Romney  Marsh.  In  the  time  of  Cromwell, 
425,000  acres  of  fen  and  morasses  were  recovered, 
1649-61. 

The  embankment  by  which  the  Nile  was  tui-ned 
from  its  course  before  the  time  of  Abraham  is  men- 
tioned under  Dike  (which  see).  Beference  is  also 
there  made  to  some  of  the  works  of  Holland. 

The  bottom  part  of  the  embankment  of  the 
Amsterdam  and  Haarlem  Railways  through  the  low 
country  consists  of  treble  ranges  of  fascines,  tied 
down  by  longitudinal  poles  39  inches  apart  from 
center  to  center  and  10  inches  diameter,  two  double 
stakes  at  each  end  of  the  poles,  and  two  ties  in  the 
intermediate  distances.  The  interstices  of  the 
fascines  and  the  space  between  the  i-ows  are  filled  in 
with  sand.  The  upj>er  part,  forming  the  encasement 
for  the  ballast,  is  made  of  three  rows  of  treble 
fascines,  well  staked,  and  wattled  together. 

A  core  of  sand  or  clay,  faced  with  step  fascines,  is 
made  up  to  low-water  mark.  Upon  this  a  bed  of 
nishes,  fastened  down  by  stakes  and  wattles,  is  laid  ; 
and  the  upper  portion  of  the  bank  is  faced  with 
fascines  of  a  regular  slope  of  1  to  1.  See  also  Wig- 
gins's  "  Embankments  of  Lands  from  the  Sea " 
(Weale's  series). 

Em-baftled.  {Fortification.)  Having  a  parapet 
with  embrasures. 

Em-bo'liiB.  Something  inserted  in  another  and 
moving  therein,  as  a  wedge,  a  piston  of  a  steam- 
cylinder,  the  bucket  or  plunger  of  a  pump. 

Bm-b06sed'  Pa'per.  Pa|)er  having  an  orna- 
mented surface  of  raised  work  ;  done  by  stamping 
or  rolling. 

Embossed  paper  or  cards  may  be  copied  in  metal 
by  taking  a  mold  in  wax,  treating  the  surface  with 
graphite,  and  subjecting  it  to  electro-deposition  in  a 
oatn  of  solution  of  sulphate  of  copper. 

Bm-boBsed'  Printing.  Printing  in  which  the 
paper  is  forced  into  (fies,  into  which  the  letters  have 
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been  cut  or  punched.     The  result  is  raised  letters, 
used  for  printing  for  the  blind,  and  various  kinds  of 
ornamental  work. 
Embossed  typography  is  also  effected  by  pressing 


Embossing'  Type. 


the  type  into  the  paper,  raising  the  letters  or  charac- 
ters on  the  other  side.  See  Printing  for  the  Blind. 

Em-bOBs'ing.  Ornamenting  by  raised  work  or 
figures  in  relief. 

It  is  applied  to  many  objects. 

Stamps  or  initials  are  embossed  on  envelopes, 
paper,  cards,  etc. 

Ornaments  are  embossed  on  book-covers,  especially 
on  those  of  cloth. 

Leather  is  embossed  for  binding  and  many  orna- 
mental uses,  saddles,  porte-monnaies,  pocket-books, 
satchels,  etc. 

Textile  fabrics  are  embossed  for  various  purposes. 

Glass  is  embossed  —  so  called  —  by  molding  with 
raised  figures. 

Em-bosB/ipg-i'ron.  {Sculpture.)  A  tool  for 
giving  a  peculiar  grained  or  caruncular  appearance 
to  a  marble  surface. 

Em-boas'ing-ma-ohine'.  A  machine  in  which 
a  compressible  material  is  placed  between  a  rolling 
or  reciprocating  surface  and  a  bed,  the  moving  por- 
tion having  a  design  in  intaglio,  which  confers  a 
cameo  ornamentation  upon  the  object.  In  Fig.  1868 
the  roller  has  a  roughened  surface  and  is  rotated  by 
a  hand-crank.  Above  the  roller  is  a  hollow  press- 
block  having  a  removable  convex-faced  plate,  with 
ridges  for  embossing  any  substance  passed  between 
it  and  the  roller.  The  block  is  depreissed  by  a  piv- 
oted lever  having  an  elastic  press-band  over  the  end. 

Fig.  1868. 


Fig.  1869. 


Embosting'BSaehitu. 


The  hollow  within  the  block  serves  to  introduce  some 
substance  to  heat  the  embossing- plate. 

The  embossing-machine  for  giving  an  indented 
ornamentation  to  velvet  and  other  gqoda  (Fig.  1869) 
has  engraved  copper  rollers,  which  are  heated  by  in- 
closed red-hot  irons  when  operating  on  dampened 
goods,  as  in  giving  a  *  *  watered  "  suriace. 

Bm-bosB'lng-preaB.  A  hand-stamp  or  machine 
for  giving  a  raised  surface  to  an  object  j>]aced  be- 
tween the  descending  die  and  the  bed.  In  the  ex- 
ample, the  Jever  is  raised  by  a  spring,  and  is  driven 
down  by  a  blow  of  the  hand,  impressing  the  paper 


Embossing-Maehine. 

placed  between  the  intaglio  upper  die  and  the  cameo 
counter  die. 

Embossing-presses  of  bookbinders  are  screw,  tog- 
gle, or  lever  presses,  according  to  the  area  of  sur- 
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face  and  character  of  material  under  treatment,  and 

other  considerations. 
Bm-boBs'ing  Wood.    A  process  of  indenting 

designs  in  wood  by  beat  and  pressure. 

The  wood  is  saturated  with  water,  and  the  cast- 
iron  mold  heated  to  redness  and  pressed  forcibly 
upon  the  wood.  The  water  preserves  the  wood  from 
ignition,  though  the  surface  is  slightly  charred.  The 
iron  is  reheated,  the  wood  re- wetted,  and  the  brand- 
ing-iron again  applied.  This  is  repeated  until  the 
w^>d  tills  the  mold.  The  surface  is  cleansed  between 
each  operation,  ai)d  finally  with  a  scratch-brush,  and 
any  desired  color  may  be  retained  or  obtained  by  the 
extent  to  which  the  charcoal  and  discolored  surface 
are  removed. 

Perforated  designs  are  obtained  by  pressure  upon 
portions  of  the  surface  and  the  removal  of  a  scale 
of  material  by  a  saw.     See  Carving. 

Bm-bra'sure.  1.  (Furtificatian.)  A  crenelle 
opening  cut  through  a  parapet  or  wall  to  fire  guns 
through. 

The  cheeks  are  the  sides. 

The  mouth  is  the  widest  or  outer  part 

The  neck  is  the  narrow  part. 

The  9ole  is  the  bottom  part. 

The  sill  is  the  front  of  the  sole. 

The  merlon  is  the  port  of  the  parapet  between  two 
embrasures. 

Embrasures  are  usually  perpendicular  to  the  par- 
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apet,  but  are  sometimes  inclined  thereto  so  as  to 
obtain  a  line  of  fire  in  a  particular  direction. 

2.  The  inwaixl  enlargement  of  the  cheeks  or  jambs 
of  a  window  or  dt>or. 

Em-broid'er-ing-ma-chine'.  A  form  of  sew- 
ing-machine in  which  the  cloth  is  moved  beneath 
the  reciprocating  needle- bar  according  to  the  re- 
quirements of  the  tracing,  while  the  needles  and 
hooks  retain  their  respective  relative  positions  above 
and  below  the  fabric. 

Heilmann's  embroidery-machine  (Miilhausen)  has 
an  arrangement  by  which  the  needles  — 100,  more  or 
less  —  are  attached  to  a  carriage  which  travels  to  and 
fro  in  front  of  a  vertical  web.  The  needles  have  an 
eye  in  the  middle  and  a  point  at  each  end.  They 
are  grasped  by  pincers  and  pulled  through. 

Em-broid'er-y.  Ornamentation  by  raised  fig- 
ures of  needle-work. 

This  is  a  very  ancient  art. 

The  Egyptians,  Babylonians,  Medes,  and  Persians 
all  excelled  in  it. 

The  adornments  of  the  tabernacle  in  the  wilder- 
ness were  of  tapestry  worked  in  blue,  scarlet,  and 
gold.  The  garment  of  Sisera,  as  referred  to  by  Debo- 
rah, was  embroidery,  "needle- work  on  both  sides." 
See  Damask. 

Homer  refers  to  embroidery  as  the  occupation  of 
Helen  and  Andromache. 

The  tents  of  wealthy  Arabs  have  an  inner  cover- 
ing of  white  embroidered  stuff  beneath 
the  dark,  outer,  water-proof  covering  of 
goat's-hair. 

**  The  Tartar  women  excel  in  embroid- 
ery, and  exhibit  in  this  a  skill,  taste,  and 
variety  that  is  really  admirable.  It  is 
very  doubtful  whether  it  would  be  possi- 
ble to  find,  even  in  France,  embroideries 
as  beautiful  and  perfect  as  those  some- 
times executed  by  Tartar  women.  **  — Abb6 
Hue's  Travels  in  Tartary. 

The  tent  of  a  late  Persian  shah  was 
a  load  for  forty  camels,  and  cost  f  10,000,- 
000.  It  was  embroidered  with  gold,  stud- 
ded with  precious  stones  and  pearls  ;  the 
figures  representing  animals,  vegetables, 
and  the  works  of  men. 

The  Chinese,  at  the  present  day,   are 
skillful  and  patient  workers  at  this  art,   / 
and  excel  in  the  disposition  of  colora.  \ 

The  North  American  Indians  have  a 
certain  rich  and  barbaric  taste  in  the  dis- 
position of  colors  (preferably  scarlet) ;  with 
the  addition  of  beads,  porcupine  quills 
stained,  and  other  mere  bizarre  ornaments, 
such  as  skins,  -claws,  and  feathera  of  birds, 
claws  of  bears,  ears  of  the  lynx  and  fox, 
tails  of  Musteluke,  shells,  etc. 

Embroidery  is  generally  done  in  frames, 
the  woven  fabric  being  stretched  fiat  and  the  needle 
passed  through  and  through. 

Em'e-rald.  A  type,  used  in  EIngland,  between 
nonpareil  and  minion. 

Nonpareil. 
Emerald. 
Minion. 

Bm'e-riL  A  glazier's  diamond.  A  quarrel^  or 
quarry. 

Em'e-ry.  -t\ji  amorphous,  compact,  opaque  vari- 
ety^  of  corundum,  consisting  chiefiy  of  indurated  alu- 
mina. It  is  extremely  hard  and  cuts  almost  all 
minerals,  and  id  extensively  used  in  cutting  and 
polishing  glass  and  other  hard  substances. 

The  emery  is  stamped  to  powder  and  sorted  into 


finenesses  by  bolting  through  sieves  of  different  de- 
ip^es  of  fineness.  For  delicate  purposes,  it  is  sorted 
by  elutriation.  It  is  made  up  into  various  forms 
with  gums,  resin,  glue,  clay,  etc.,  according  to  pur- 
pose. 

Emery-cakes  are  used  to  dress  the  edges  of  buffs 
and  glaze- wheels.  They  are  formed  of  emery  melted 
with  bees- wax  and  made  into  cakes. 

Emery-cloth  is  prepared  by  brushing  the  surface 
of  thin  cotton  cloth  with  liquid  glue,  and  sifting 
the  emery-powder  over  the  surface  while  still  warm. 

Emery-paper  is  made  in  the  same  way  as  emery- 
cloth. 

^mefy-sticks  and  rifles  are  pieces  of  wood  pre- 
pared in  the  same  manner. 

Em/ry-stones  are  made  or  formed  of  emery  of  the 
requisite  coarseness,  mixed  with  about  half  its 
weight  of  clay  and  water,  to  make  a  stiff  paste, 
which  is  forced  into  a  metallic  mold  by  powerful 
pressure.  They  are  then  dried  in  a  mulfle.  Disks, 
laps,  and  wheels  are.  thus  made. 

Other  cementing  materials  are  frequently  used  in- 
stead of  loam.  8ee  Grinding  Materials;  also 
list  under  Guindino  and  Polishing. 

Bm'e-ry-f;rind'er.  An  emery-wheel  mounted  in 
a  stand,  to  be  used  as  a  grindstone.  It  may  be 
considered  as  such,  indeed,  the  mineral  corundum 
with  a  matrix  of  ^um,  resin,  glue,  vulcanite,  etc. 

The  example  is  a  double  machine  having  two 

Fig.  1871, 


Emery'  Grinder. 

grinding-wheels  and  rests ;  one  wheel  being  at  one 
end  and  one  at  the  other  end  of  the  mandrel,  and 
both  outside  of  the  supporting  frame.  The  faces  or 
edges  of  the  wheels  may  be  used. 

Em'e-ry-pa'per.  Paper  brushed  with  liquid 
glue  and  dusted  with  emery  of  the  required  grade 
of  fineness. 

Em'e-ry  Vul'can-ite-^i^heel.  A  compound  of 
emery  and  caoutchouc,  molded  into  the  shape  of  a 
grindstone  or  lap,  and  vulcanized. 

Em'e-ry-^vheeL  This  is  a  leaden  wheel  in  which 
emery  is  imbedded  by  pressure,  or  more  commonly 
a  wooden  wheel  covered  with  leather  and  with  a 
surface  of  emery.  The  wheel  is  fastened  to  a  man- 
drel and  rotated  by  a  wheel  and  band  ;  its  principal 
use  is  iu  grinding  and  polishing  metallic  articles. 
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especially  cutlery.  Those  wheels  in  which  the  edees 
are  used  are  grinders,  buff-wheels,  cloth-wheels, 
glazers,  etc.  When  the  flat  surface  of  the -disk  is 
used,  Uiey  are  known  as  laps.  The  wheels  may  have 
coarse  or  fine  cutting  surfaces  for  different  descrip- 
tions of  work.  For  polishing,  flour  of  emery,  crocus, 
or  rouge  may  be  substituted.  In  machine-shops  the 
emery-wheel  is  known  as  a  huff-whed  ;  among  cut- 
lers it  is  a  glazer. 

Sometimes  called  a  **  corundum  "  wheel,  from  the 
specific  name  of  the  crystalline  alumina  used  thereon. 
The  hardest  known  substance  next  to  the  diamond. 
Emery  is  a  dark,  granular  variety  ;  the  sapphire 
and  ruby  are  peculiarly  colored  varieties. 

B-mefio-oup.  A  cup  of  metallic  antimony  in 
which  wine  is  left  for  ten  or  twelve  hours  to  be- 
come emetic. 

Bm-iB-sa'rl-am.    A  sluice  or  flood-gate. 

E-mol'U-o-tjrpe.  (Photography.)  A  collodio- 
chloride  picture  on  opal  glass. 

Bm-pleo'tain.  A  kind  of  masonry  having  a 
squared  stone  face  ;  in  the  Greek  it  is  represented 
as  solid  throughout,  and  in  the  Roman  naving  a 
filling  of  rubble. 

One  form  of  Roman  empUctum  has  courses  of  tiles 
at  intervals.     See  Masonry. 

Bm'presB-oloth.  {Fabric.)  A  lady's  dress-goods, 
all  wool  and  not  twilled.  It  may  be  considered  as 
an  equivalent  to  the  merino,  excepting  the  twill  of 
the  latter. 

En-am'el.  A  vitreous,  opaque,  colored  material, 
tractable  in  the  fire,  and  usea  in  ornamenting  met- 
als ;   in  painting  on  metals,  to  be  subseouently  fired. 

Enameled  bricks  of  various  colors,  blue,  red,  yel- 
low, white,  and  black,  are  abundant  in  some  of  the 
mounds  of  Babylon  and  other  cities  in  Mesopotamia. 
—  Layard. 

Enameled  pottery  has  also  been  recovered  at 
Thebes.  Vestiges  of  the  Roman  occupation  of  Brit- 
ain are  occasionally  disinterred  in  various  parts  of 
the  country. 

The  art  of  painting  in  enamel  or  with  metalline 
colors,  and  fixiag  them  by  fire,  was  practiced  by  the 
Egyptians  and  Etruscans  on  pottery,  and  passed 
from  them  to  the  Greeks  and  Komaiis.  Enameling 
was  also  practiced  among  the  Chinese.  Specimens 
of  enameled  work  are  yet  extant  of  early  British, 
Saxon,  and  Norman  manufacture.  An  enameled 
jewel,  made  by  order  of  Alfred  the  Great,  A.  D.  887, 
was  discovered  in  Somersetshire,  England,  and  is 
preserved  at  Oxford.  An  enameled  gold  cup  was 
presented  by  King  John  to  the  corporation  of  Lynn, 
Norfolk,  and  is  yet  preserved. 

Luca  della  Robbia,  bom  about  1410,  applied  tin 
enamel  to  pottery,  and  excelled  in  the  art. 

Bernard  Palissy,  the  Huguenot  potter,  bom  about 
1500,  devoted  many  years  to  the  discovery  and  ap- 
plication of  enamels  of  various  colors  to  pottery.  He 
was  remarkably  successful  in  tme  copies  of  natural 
objects.  His  method  died  with  him.  He  died  in 
1589,  in  prison,  for  conscience*  sake. 

John  Petitot,  of  Geneva  {Jf07  -  91),  is  regarded  as 
one  of  the  first  to  excel  in  portraits.  He  worked 
for  Charles  I.  of  England,  and  subsequently  for 
Louis  XIV:  of  France.  The  revocation  of  the  Edict 
of  Nantes  drove  him  from  France  to  the  city  of  his 
birth,  Geneva. 

In  1632,  Jean  Tontin,  of  Chateaudun,  introduced 
the  practice  of  grinding  the  colors  in  oil  of  spike, 
instead  of  water. 

Faience  and  majolica  may  be  considered  forms  of 
the  art. 

The  enameled  portrait  of  herself,  presented  by 
Queen  Victoria  to  Mt.  Peabody,  is  fresh  in  the  rec- 


ollection of  those  who  sjieak  the  language  common 
to  the  donor  and  presentee. 

Enamel  is  applied  to  various  kinds  of  pots  and 
pans  for  stewing  and  preserving  fmits  whose  flavor 
would  be  injured  by  contact  with  iron,  and  whole- 
someiiess  by  being  cooked  in  brass  or  copper. 

The  ordinary  enamel  for  the  purpose  is  common 
glass  fused  with  oxide  of  lead.  This  will  not  resist 
vinegar  and  some  other  acids,  and  a  dangerous 
poison  may  be  present  unsuspected  in  the  mess. 

Articles  exposed  to  the  weather  are  sometimes 
enameled  to  preserve  them  from  rusting.  This  has 
been  done  with  plowshares,  mold-lxmrds,  watei^ 
wheels. 

The  asphaltum  varnish  which  is  burned  on  to 
some  articles  of  hardware  and  household  furnishing 
is  not  an  enamel,  but  a  bituminous  varnish.  The 
term  enamel^  as  applied  to  these,  is  therefore  a  mis- 
nomer. 

One  of  the  most  fluniliar  examples  of  enameling  is 
a  watch-face.  The  white  ground  of  these  is  first 
fired,  the  figures  being  added  afterwards. 

The  backs  of  gold  watches  and  numerons  articles 
of  jewelry  are  enameled  by  first  engraving  them  so 
as  to  make  depressions  to  hold  the  pulverized 
enamel,  which  is  burned  in,  and  the  whole  polished 
down  to  a  uniform  surface. 

Enameled  work  may  be  ground  by  the  horizontal 
lapidary  mill  or  lead-wheel,  with  emery  ;  second, 
the  same  with  rottenstone  and  water;  third,  pol- 
ished by  the  leather  lap  or  buff-wheel  with  putty 
powder. 

Or  the  process  may  be  completed  in  a  lathe,  unng 
the  same  materials,  and  either  chucking  the  object 
to  be  ground  and  polished,  or  placing  it  on  a  man- 
drel. 

In  hand  polishinff,  the  work  is  ronghed  down 
with  slips  of  water-of-Ayr  stone  and  water,  followed 
by  slips  of  wood  dipped  in  powder  of  pumice-stone 
and  crocus  successively. 

En-am' eled  Board.  Card-board  treated  with  a 
surface  of  white  lead  and  size  laid  on  by  a  large,  flat 
brush  and  smoothed  by  a  round  badger's-hair  bmsh. 
A  powder  of  talc  (silicate  of  magnesia)  is  rubbed 
upon  the  dried  surface  of  lead,  and  the  face  is  then 
polished  bv  the  bmsh. 

En-am^eled  Leath'er.  A  glazed  leather  for 
boots,  shoes,  carriage  upholstery,  and  other  pur- 
poses. 

It  is  prepared  from  hides,  which  are  split  to  the 
required  thickness,  well  tanned,  curried,  and  passed 
through  two  operations ;  the  first  to  render  the 
leather  impermeable  to  the  varnish,  and  the  latter 
to  lay  on  tne  varnish. 

'  The  hides  used  are  those  of  kip,  calf,  ox,  or  horse. 
They  are  rabl)^  on  the  grain  or  fl^  side  with 
three  coatings  of  boiled  linseed  oil  mixed  with  ochre 
or  ground  chialk,  and  dried  after  each  coating.  The 
sumce  is  then  pumiced,  treated  with  tl^  same 
material  of  a  thinner  quality  in  several  applica- 
tions. 

Over  the  surface  thus  prepared  are  laid  successive 
layers  of  boiled  linseed  on  and  of  the  oil  mixed  with 
lamp-black  and  turpentine  spread  on  with  a  brush. 
The  surface,  which  has  become  black  and  shinin|L 
is  then  varnished  with  copal  and  linseed  oil  with 
coloring  mattei-s.     The  following  is  recommended. 


Boiled  linseed  oil  . 
Turpentine 
Thick  copal  varnish 
Asphaltum,  or  . 
Prussian  blue,  or  . 
Ivory  black 


20  pounds. 
20       *• 
.    10      •* 

.  >   1  pound. 
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